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Preface
This book aims to become a useful tool in the field of bariatric surgery providing the
most up-to-date research on the field, including the recent data on surgical techniques, the
current strategies for diagnosis, treatment, and follow-up, as well as extensive discussion of
the possible complications. More specifically, the following issues are discussed in the
chapters of the book:
The problem of obesity and related diseases, including type 2 diabetes mellitus is still
growing. There are many factors responsible for modern-day epidemics such as obesity and
T2DM. The crucial ones seem to be the environmental factors e.g. caloric availability, fat
consumption, low physical activity as well as genes which may interact with the environment.
Recent studies defined roles for gut peptides in the control of beta cell growth and survival.
The role of gastrointestinal endocrinology knowledge for example of incretines in bariatric
surgery is discussed.
Current topics in obesity research involve new adipokines linking obesity to related comorbidities. Adipocytokines participate in regulation of the energy homeostasis, glucose and
lipid metabolism, immunity as well as neuroendocrine and cardiovascular function.
Adipokines participate in various metabolic processes including the regulation of appetite
control, cardiovascular function, energy expenditure, insulin sensitivity and secretion, as well
as inflammation. Adipocyte dysfunctions belong to the primary defects in obesity and may
link obesity to several health problems including increased risk of insulin resistance, type 2
diabetes, fatty liver disease, hypertension, dyslipidemia, atherosclerosis, dementia, airway
disease, and some types of cancers.
The anatomy of the relevant parts of the gastrointestinal tract and abdominal wall and
their relevance to the bariatric procedures currently in common use are outlined.
Laparoscopic port placement with anatomical considerations, the role of hiatus and intraabdominal, the structure of the stomach wall and gastric motility, omental and bowel
anatomy, as well as Roux-en-Y gastric bypass (RYGB)- limbs and mesenteric defects are
discussed.
It is questioned to have or not to have the Ring Banded Roux-en-Y Gastric Bypass by
mentioning tha t the evolution from the band to the silicone ring was observed in both
vertical banded gastroplasty and banded gastric bypass. The silicone ring develops a
pseudocapsule which leads to less adhesion and is much easier to remove than the band.
The book deals with postoperative complications after bariatric surgery in general
including late, immediate, hepatobilliary complications, intestinal obstruction, gastrointestinal
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bleeding, functional and nutritional compaction. The knowledge of normal anatomy and the
surgical technique is fundamental to achieve excellent prognosis in patients who have
undergone bariatric surgery.
It also discusses in detail the hepatobiliary complications (including gallstone disease,
pancreatitis, hepatic complications) associated with bariatric surgery and the potential
strategies to prevent and manage these complications. Of these by far the most common is the
formation of gallstones and its subsequent sequelae. Although the majority of the
complications can be dealt with by general surgeons, successful management requires a broad
understanding of the anatomical and physiological changes following surgery and there
should be a low threshold for involving an appropriately experienced bariatric unit.
Moreover, an overview of the causes, clinical presentation, investigations and treatment
of postoperative intestinal obstruction after bariatric procedures with a particular emphasis on
Roux-en-Y gastric bypass (RYGB) is provided.
The risk of postoperative infection is presented in particular the risk of SSI, as shown in
multiple studies of diverse populations of patients. Stratification of infection risk for obese
surgical patients with different and specific tools (e.g., scores for obese patients) may be
necessary. From the existing data, it is clear that there are at least four strategies that should
be considered in order to decrease the risk of SSI when operating on obese patients. First,
tight perioperative glucose control is key to minimizing episodes of hyperglycemia that are
associated with a higher rate of SSI. Second, optimizing tissue oxygen tension through
increased perioperative FIO2 and appropriate resuscitation improves the perfusion of tissues
and oxygen radical-mediated defense mechanisms against infection. Third, larger doses of
prophylactic antibiotics maximize serum and tissue concentrations, providing a real (and
expected) decrease in SSI. Fourth, performing laparoscopic operations whenever feasible
certainly decreases the area at risk and has a demonstrated ability to reduce SSI. Obesity
management strategies mainly target behavioural components of the disorder, but are only
marginally effective. If infections contribute to human obesity, then entirely different
prevention and treatment strategies and public health policies could be needed to address this
subtype of the disorder.
Bariatric surgery is susceptible to the development of nutritional deficiencies, i.e. anemia,
due to low food intake, the effects of gastric restriction and malabsorption which occurs.
Anemic etiology may be due to deficiencies of iron, folate and/or vitamin B12. Orientation
concerning nutritional deficiencies that may result from bariatric surgery are essential to the
multidisciplinary team in the post-op phase, in order to maintain the good health and quality
of life of patients. Such issues are also discussed.
It also discusses how oral health is influenced by bariatric surgery. Bariatric patients are
at an increased risk for dental caries due to a smaller stomach volume and the need for
smaller, more frequent meals/snacks throughout the day. Bariatric patients are also at an
increased risk for dehydration and lactose intolerance that also contribute to caries activity
due to the occurrence of xerostomia and reduced exposure to anticariogenic factors in milk.
The medical team needs to relate to potential dental problems after bariatric surgery, and to
supply their patients with the appropriate information. Instruction regarding oral hygiene
maintenance, healthy diet patterns and regular dental health monitoring by a dentist or dental
hygienist are of paramount importance.
The need for nutritional education is discussed and advice on how to cut and chew food,
along with other eating behavior habits must be given to patients early in the preoperative
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period to avoid food intolerance. There is a tendency in looking for easy-to-swallow foods
instead of protein foods. This may lead the patient to an extensive loss of lean mass and to
nutritional deficiencies. Nutritional support is indispensable so that this tool may be used
successfully, with the aim to achieve a healthy weight loss and maintenance.
The number of bariatric operations performed each year is growing continuously, and it is
to be assumed that this trend will continue in the coming years. In the past, not all of our
procedures for treating obesity were well chosen. Some of them were not adequate for the
patient needs, behaviour or metabolic disease. Over time, there has been growing need for reoperations to improve outcome. There is a growing number of patients who need revisionary
surgery due to poor weight loss after the primary operation. Patients in need of redo bariatric
surgery usually come to a reference metabolic centre. The development and improvement of
diagnostic procedures and guidelines prior to redo surgery is still one of our main objectives.
The problem of choosing the right revisionary procedure and discussing it with the patient is
of highest importance. Bariatric surgery, as a rule, leads to massive weight loss and marked
changes in body contour, which assumes bizarre shapes. This impacts the quality of life of the
individuals affected by these deformities, known as dysmorphisms. Brachial dysmorphism is
treated surgically by brachioplasty to restore a more aesthetic looking cylinder-shaped arm
contour. The surgical technique and complications are discussed.
It is mentioned that body-contouring procedures after massive weight loss following
bariatric surgery is increasing. Great “positive” thinking of these patients towards bodycontouring procedures creates enormous expectations for improvement in quality of life
similar to the expectations which motivated these patients toward bariatric surgery. The main
points of patient satisfaction are: “body image” greatly improved, self-esteem recovery,
improvement in life relationships, and sexual life resumption or improvement.
The role of bariatric surgery in gestational diabetes, hypertensive disorders during
pregnancy, as well as neonate’s development and birth weight are discussed. Moreover, the
diet, monitoring and complications of such women during pregnancy are also discussed. A
question is also raised whether conception should be postponed or not for at least 18 months
after bariatric operation to avoid complications concerning both mother and fetus mainly
associated with nutritional deficiencies due to the anatomical and physiological changes of
such operations.
Bariatric surgery can lead to significantly weight reduction of obese women, so this
method also acts as a treatment for the pelvic floor disorders that those women face by
offering improvement in incontinence and quality of life. The role of bariatric surgery
operations in the improvement of the pelvic floor disorders that many obese women are
facing is presented.
Medicolegal problems are also discussed in this edition. An introduction on the reasons
why bariatric surgery has a high incidence of medico-legal problems ( new surgery, poor
mentorship, vulnerable patient group is made, as well as a brief discussion regarding the legal
principles, issues regarding consenting, technical issues e.g., Roux en O, follow up issues and
emergency presentations following bariatric surgery.
This book aims to provide the current reliable essentials of clinical practice in the field,
but also to maintain a long “shelf life” in order to be used as a cornerstone of diagnosis and
management.
Iavazzo Christos, MD, MSc, PhD
Iaso Maternity Hospital, Athens, Greece
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Chapter I

Intestinal Peptides Involved
in T2DM Pathophysiology
Dominika Stygar1, Tomasz Sawczyn1, Iwona Karcz-Socha1,
Krystyna Zwirska-Korczala1 and W. Konrad Karcz2
1

Department of Physiology in Zabrze, Silesian Medical University, Poland
2
Department of Abdominal Surgery, Videosurgery Division, Bariatric
and Metabolic Surgical Center, University of Freiburg, Germany

Abstract
Despite the vast progress in obesity and type 2 diabetes mellitus (T2DM) research,
many questions still needs to be answered in these fields e. g.: why people with type 2
diabetes mellitus do not feel satiety despite the high glucose level in their blood. Is the
glucose really the main factor for regulating appetite? The crucial factors responsible for
modern-day epidemics of T2DM are caloric availability, fat consumption, low physical
activity as well as genes which may interact with the environment. Gastrointestinal
factors involved in the regulation of carbohydrate homeostasis and appetite may also be
of essential importance. Gastrointestinal hormones called incretins, play a significant role
in the pathophysiology of type 2 diabetes. In this chapter we present the achievements of
modern surgery, which opened the possibility for surgical treatment of diabetes, and also
created new opportunities for research on the role of incretin hormones in the
pathophysiology of diabetes.

Introduction
Considering problems of obesity and type 2 diabetes mellitus (T2DM) from an
evolutionary point of view, we may conclude that nowadays we face the situation when a
Paleolithic man has fallen into the ‘food hedonism’ view is summarized by the notion that
`Human biology is designed for Sone Age conditions [1]. Human adaptedness to the hunter-
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gatherer way of life does not seem to be favorable in modern times, when Homo sapiens need
to put no effort into the processes of acquiring and preparing food. For the first time in the
history of our species ‘the food comes to us’. The problem of obesity and related diseases,
including type 2 diabetes mellitus is still growing. According to Wild et al. the prevalence of
diabetes is epidemic, with more than 170 million people affected worldwide in the year 2000,
and it is estimated that this number will exceed 366 million by 2030 [2]. The diabetes
epidemic relates particularly to type 2 diabetes, and it takes place both in the developed
nations and the developing ones [3]. In a research with healthy human subjects, fasting
glucose level is homeostatically regulated by insulin and glucagon, that subsequently control
the hepatic glucose release as well as peripheral glucose uptake. Jean Mayer [4], more than 50
years ago, proposed that changes in blood glucose concentrations or arteriovenous glucose
differences are detected by glucoreceptors that affect energy intake. According to this theory,
the increase in blood glucose concentrations results in elevated feeling of satiety whereas a
decrease in blood glucose concentrations has the opposite effect. Basing on Mayer's
glucostatic theory and taking into consideration the disturbances in the glucose homeostasis
characteristic of people with T2DM, a few questions still remain unanswered e. g., why
people with type 2 diabetes mellitus do not feel satiety despite the high glucose level in their
blood. Is this really the main factor for regulating appetite? There are many factors
responsible for modern-day epidemics such as obesity and T2DM. The crucial ones seem to
be the environmental factors e. g. caloric availability, fat consumption, low physical activity
as well as genes which may interact with the environment. Yet there is mounting evidence
indicating that gastrointestinal factors involved in the regulation of carbohydrate homeostasis
and appetite may also be of essential importance [5]. Type-2 diabetes is a heterogeneous
disorder. It is a group of metabolic diseases characterized by hyperglycemia resulting from
defects in insulin secretion and/or insulin action. Abnormal insulin secretion, associated with
varying degrees of insulin resistance are typical for T2DM. Genetic and acquired factors lead
to impairment of beta-cell function, tissue insulin sensitivity and diabetes. Moreover,
deterioration of diabetes control and insulin secretory function occurs within years in type 2
diabetic patients despite insulin resistance remaining stable [6]. Thus, beta-cell dysfunction is
central to the development of diabetes, possibly due to a combination of decreased beta-cell
mass and insulin secretion defects. Recent studies defined roles for gut peptides in the control
of beta cell growth and survival [7]. Many research groups around the world examined roles
of gut peptides in the regulation of carbohydrate metabolism, however, the mechanisms
behind the alternations in glucose homeostasis are still elusive. Better understanding of this
phenomenon is needed to improve therapeutic and preventive strategies against the T2DM
development.

Gastrointestinal Endocrinology
and the Bariatric Surgery
The birth of gastrointestinal endocrinology dates back at the beginning of the 20th
century. In 1902, William M. Bayliss and Ernest H. Starling published ‘The mechanism of
pancreatic secretion’ [8]. The authors described the action of an unknown factor contained in
the acid extracts of intestinal mucosa, as stimulant of the pancreas exocrine secretion and they
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named this factor secretin. Three years later, on the basis of experiments on the action of
secretin on pancreatic exocrine function, Starling proposed the word `hormone' for chemical
factors which influence the function of a distant organ via blood stream [9,10]. Starling had
considered the possibility that the duodenum may secrete factors which stimulate not only
exocrine but also endocrine activity of the pancreas. This assumption led to attempts to use
the extract, which potentially contains a factor affecting the endocrine function of the
pancreas, as a cure for diabetes. Researchers examined anti-diabetic action of secretin
solution through injecting of the secretin extract intravenously, but the results were negative.
Moore et al. [11] undertook similar attempts choosing an oral route of supply of duodenal
mucosa extract, but excluding three positive cases, other patients were treated with the extract
with negative results. Despite the negative results obtained in both cases, which resulted from
a mismatched group, more than from an assumed hypothesis, it was the first attempt to treat
diabetes by administering the intestinal peptides.
The discovery of insulin by Banting and Best in 1921 resulted in the systematic study on
intestinal hormones influencing carbohydrate metabolism. Before the outbreak of World War
II, scientists made a few interesting discoveries in this field. La Barre and Still [12] purified
crude secretin into a fraction which is only secretagogue (stimulating the exocrine pancreas)
and another which lowers the blood sugar level. It is also very important that they claimed
that the latter effect is mediated via stimulation of insulin secretion [10]. In 1932, La Barre
[13] used for the first time the name ‘incretin’ to describe substances extracted from the upper
gut mucosa, which produces hypoglycemia and does not stimulate pancreatic exocrine
secretion.
Significant acceleration on the study of intestinal hormones was noted with the
development of peptide chemistry and the modern technique of purification and protein
sequencing. The discovery of glucose-dependent insulinotropic polypeptide (GIP) by John C.
Brown in 1970, and of several other groups GLP-1 (glucagon-like peptide 1) in 1985 resulted
in innumerable reports that describe the body's carbohydrate metabolism and the role of
incretin hormones in its regulation [14, 15]. A plethora of interesting information in this topic
emerged with the development of bariatric surgery. In principle, bariatric procedures have
lead to weight loss, and an unintentional, but extremely important benefit of these treatments
is remission of type 2 diabetes mellitus. This phenomenon appears before weight loss, which
suggests a direct effect of the surgical intervention on the mechanisms that involve changes in
the gastrointestinal hormones that are engaged in the regulation of glucose metabolism [16,
17, 18]. This discovery made it possible to develop a metabolic surgery and opened new
avenues for type 2 diabetes mellitus research.

Gastrointestinal Tract
and the Energy Homeostasis
Energy balance is a homeostatic system, regulated through a neuro-hormonal method.
The major source of energy in humans is the carbohydrates of which glucose plays a pivotal
role for the metabolism of most cells. The gastrointestinal tract (GI) and associated visceral
organs play a crucial sensing and signaling role in the control of energy homeostasis. Through
its role in digestion, absorption, assimilation of ingested nutrients and releasing gut hormones,

Complimentary Contributor Copy

4

Dominika Stygar, Tomasz Sawczyn, Iwona Karcz-Socha et al.

the intestine influences a number of physiological processes and acts on tissues, including
exocrine glands and nervous system [19, 20, 21, 22]. The intestine responds dynamically to
the changes of internal and external stimuli. This ability called enteroplasticity is regulated on
a cellular, molecular and physiological level and is of major nutritional importance [23]. The
mechanism of intestinal adaptation is associated with a diet and the manner whereby dietary
manipulation modulates these processes is linked with cellular and molecular events [24].
Changes in the synthesis of glucose carriers and their subsequent insertion into membranes
affects the absorption of sugar from the gastrointestinal lumen into the enterocytes using
sodium-dependent D-glucose transporters (SGLT1), facultative fructose transporter (GLUT
5) or the glucose transporter type 2 (GLUT2) [24, 25, 26]. Sugar absorption in response to
sugar-rich meals and insulin is regulated by GLUT2 in enterocyte plasma membranes. Rapid
trafficking of GLUT2 to the apical membrane induced by glucose during the assimilation of a
meal is also linked with paracrine and endocrine hormone releasing, especially insulin and
GLP-2 [25, 26]. The hypothalamus is the integrating center of peripheral and central signals
of energy balance. The information about sources of energy stored as fat as well as the actual
availability of energy including this from the gut is consolidated here. In addition to
stimulation of the hypothalamus through vagal nerve, it also occurs through peptides
hormones. In response to nutrients GI releases more than 20 different regulatory peptides and
is the largest endocrine organ in the body. These peptides have numerous targets
(gastrointestinal exocrine glands, smooth muscle, afferent nerve terminals, brain) and are
involved in short-and long-term control of energy balance [17, 20]. Long lasting positive
energy balance and imbalance between the uptake of energy and energy output leads to a
disturbance of the mechanisms through which gut hormones regulate the energy homeostasis
(demand, supply, storage and utilization of energy rich substrates like carbohydrates and
lipids). The role of the gut in energy balance has been developed recently, especially in the
field of research on obesity and type II diabetes mellitus. Clinical and experimental studies
conducted on animals and humans who underwent metabolic surgery provide a plethora of
interesting information. Surgical intervention on the GI led to novel approaches to the
pathophysiology of T2DM and the role of gut peptides in this disease, indicating possible
roles of gut pathways also in the genetic etiology of diabetes. There is a considerable interest
in the development of intestinal endocrinology and understanding the role of intestinal
peptides in the pathophysiology of disorders involving imbalances in the control of ingestion
and disposal of energy.

Incretins and Hindgut Hypothesis
The hindgut hypothesis suggests that the quick transit of nutrients to the distal bowel
improves glucose metabolism by stimulating secretion of intestinal peptides. Observed
“incretin effect', also found after oral administration of glucose, results in stimulating insulin
secretion, more potently than intravenously administrated glucose, even when plasma glucose
excursions are matched [27]. Thus, among the known and investigated intestinal peptides, it
seems that two peptides, glucagon-like peptide-1 (GLP-1) and glucose-dependent
insulinotropic polypeptide (GIP) play the most important role in the mechanism of the
incretin effect. These so-called ‘incretins’ are secreted by intestinal L and K respectively.
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Cells L also secrete peptide YY (PYY3-36). PYY3-36 is known as short-term central satiety
signal via Y2 receptors [28].
The L-cells are an open-type intestinal epithelial endocrine cells that directly contact
luminal nutrients through their apical surface [29]. The density of L-cells increases along the
length of the gastrointestinal tract, with the highest numbers being found in the distal ileum
and colon [19]. Reimann et al. described in details the signaling mechanisms underlying the
release of glucagon-like peptide 1 [30]. GLP-1 is a product of the proglucagon gene, spinning
10 kilobases and located on the long arm of chromosome 2, that encodes not only GLP-1 but
also glucagon, GLP-2 and other proglucagon-derived peptides (PGDPs) [31]. GLP-1 is
cleaved from the fragment of proglucagon molecule corresponding to amino acids 78107/108. Posttranslational processing of proglucagon in enteroendocrine L-cells and the
central nervous system (CNS) liberates proglucagon-derived peptides like GLP-1, GLP-2,
gut-derived glucagon (glicentin), peptide tyrosine-tyrosine (PYY), oxyntomodulin, and
intervening peptide-2. The mechanism that triggers the release of GLP-1 from L cells is
related to the sweet taste receptors which are components of the glucose sensor in the gut
lumenand plays key roles in the regulation of GLP-1 release and the incretin effect. Thus, the
primary physiologic stimulus for GLP-1 secretion from intestinal L-cells is mainly a mixed
meal which contains glucose, triacylglycerol (TG) as well as fructose and some proteins and
peptons [19, 32]. Additionally, other substances like hormones and neurotransmitters such as
bombesin, acetyl choline, GIP, CGRP, fatty acids and bile acids, which may enhance GLP-1
secretion by increasing cAMP concentrations or by triggering the release of Ca2+ from
intracellular stores were identified [30]. GLP-1 has been shown to enhance insulin gene
transcription and all the steps of insulin biosynthesis [33]. Moreover, GLP-1 upregulates the
genes for the cellular machinery involved in insulin secretion, such as the glucokinase and
GLUT-2 (also known as SLC2A2) genes [34]. GLP-1 inhibits glucagon secretion, which in
turn results in inhibition of hepatic glucose production. GLP-1 stimulates β cell proliferation
and inhibits its apoptosis. This incretin also enhances the differentiation of new β cells from
pancreatic progenitor cells [35]. Furthermore GLP-1 reduces appetite and gastrointestinal
motility, lowering postprandial glucose excursions [36]. In normoglycemic human subjects,
plasma GLP-1 levels are between 5 and 15 pmol·l-1 in the basal state, rising from 20 up to 60
pmol·l-1 after oral glucose intake [37, 38, 39]. Postprandial GLP-1 release starts
approximately 10 to 15 min after a meal ingestion. The plasma concentration of GLP-1
increases in the second hour after food intake, and then slowly declines to the baseline. When
administered intravenously in normal subjects and in diabetic patients, the plasma half-life
(t1/2) of exogenous GLP-1 is only about 1-2 minutes. Dipeptidyl peptidase-4 (DPP-4)
enzyme is thought to be primarily responsible for the degradation of glucagon-like peptide-1
(GLP-1) and glucose-dependent insulinotropic peptide (GIP) [40] present in the blood [41],
intestine [42], liver [43], brain and kidneys [44]. DPP-4 is a member of a family of ubiquitous
atypical serine proteases with many physiological functions in nutrition, metabolism, the
endocrine and immune systems, cancer growth, bone marrow mobilization and cell adhesion
[40]. DPP-4 rapidly inactivates the GLP-1 and other incretines by cleaving two amino acid
residues at the N-terminus, where the main degradation product is GLP-1-(9-36) amide.
Degradation of GLP-1 begins one minute after its release due to the presence of dipeptidyl
peptidase IV in the capillary blood vessels adjacent to L cells in the intestinal mucosa, which
means that this peptide serves mainly as a paracrine signal in the gastrointestinal tract [45].
GLP-1 also acts on the nervous system, while its secretion is partly controlled by the nervous
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system. Described incretin is a typical peptide of the brain-gut axis, which may act as an
endocrine and paracrine signal. It also plays a role as a neurotransmitter of the autonomic
nervous system and a neurotrophic factor. The mechanisms involved in controlling and
coordinating L cells and in the formation of a pulsatile secretion pattern of GLP-1 depend on
the parasympathetic nervous system in vivo in a man [46]. Also peripheral cholinergic
transmission dependent on vagal efferent inputs is involved in the regulation of GLP-1 release
[47]. Possibly, the muscarinic (cholinergic) receptors M1 and M2, located in the intestinal L
cells, are involved in the transmission in humans and rats [48]. However, adrenergic
transmission may also play a role in the control of ileal L-cell activity, since beta- and alphaadrenergic agonists have been shown to enhance GLP-1 release [49]. GLP-1 induces a
vagovagal reflex resulting in an altered function of the pancreatic islet β cells and thereby
causes insulin to be released from the pancreatic β-cell [50]. Circulating GLP-1 and CCK-8
reduce food intake by capsaicin-insensitive, nonvagal mechanisms. Vagal or capsaicinsensitive neurons are not necessary to reduce food intake by circulating (endocrine) GLP-1, or
cholecystokinin. Vagal participation in satiation by these peptides may be limited to paracrine
effects exerted near the sites of their secretion [51]. The presence of chyme in the duodenum
stimulates its endocrine cells to release glucose-dependent insulin-releasing polypeptide
(GIP) and cholecystokinin. The enteric neurons are stimulated to secrete gastrin-releasing
peptide and calcitonin gene-related peptide. These gastrointestinal peptides, organized in the
functional endocrinal duodeno-ileal loop, stimulate the release, and contribute to the control
of GLP-1 [52]. It suggests that the intramural enteric nervous system is involved in mediating
the ‘upper gut signal’ [19]. The β-cell stimulation by GLP-1 in the portal vein increased the
response to intraportal glucose. This effect can be inhibited by ganglionic blockade, and
insulin release may be mediated via a non-muscarinic, neural reflex of hepatic origin (36)
[45]. GLP-1 secretion is also associated with the activity of other hormones involved in
regulating energy homeostasis. Increased postpriandal leptin plasma concentrations and the
presence of leptin receptor in L cells, have been shown to be a signal for GLP-1 release in the
second phase after meal ingestion [53]. The basal activity of the L cells is under the tonic
suppressory effect of somatostatin and the secretion of GLP-1 is inhibited by somatostatin,
motilin [53], and galanin [53]. At the same time, GLP-1 augments the release of somatostatin,
suggesting the existence of a feedback mechanism between these two hormones [54]. L cells
secrete also PYY, mostly in the ileum and colon, and very high level of its secretion is
observed in the rectum. PYY3-36 next to PYY1-37 is the main form produced postprandially,
contributing to approximately 63% of circulating PYY in the fed state and 37% in the fasting
state. PYY, PP, and NPY are members of the neuropeptide family, circulating satiety factors
of tertiary structure [28]. These peptides contain 36 amino acids as well as several tyrosine
residues, and require C-terminal amidation for biologic activity. PYY3-36, the major
circulating form (11) of PYY is a truncated 34-amino acid form created by cleavage of the Nterminal Tyr-Pro residues by dipeptidyl peptidase IV (DPPIV). The administration of PYY
increases the absorption of fluids and electrolytes from the ileum after a meal and inhibits
pancreatic and gastric secretions, gallbladder contraction, and gastric emptying [28].
Moreover, PYY reduces cardiac output, causes vasoconstriction, and reduction in glomerular
filtration rate, plasma renin, and aldosterone activity, however, the physiologic significance of
these actions has not been established. Low circulating PYY levels are proved to be an
etiological factor in the development of obesity [28]. The majority of intestinal K cells is
present in the duodenum and proximal jejunum with smaller numbers also occurring
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throughout the entire small intestine [29]. GIP (gastric inhibitory polypeptide, glucosedependent insulinotropic polypeptide), is a 42 amino acid active form, synthesized and
secreted by K cells in intestinal epithelium. GIP as well as GLP-1 is released in response to
nutrient ingestion. It enhances glucose dependent insulin secretion and promotes nutrient
deposition [55]. The effects of GIP are mediated through their binding with specific receptors.
They belong to the 7 transmembrane-domain G-protein-coupled receptor family. GIP
receptors are expressed in the pancreatic islets, gut, adipose tissue, heart, pituitary, adrenal
cortex and in several regions of the brain [32]. GIP and its receptor have also been identified
in the rodent CNS, including neurons, Schwann cells and Oligodendrocytes [55].
Dipeptidyl peptidase-4, rapidly convert GIP(1-42) into bioinactive GIP(3-42) a few minutes
after secretion from the gut K cell [56]. The DPP-IV enzyme is widely expressed in the
vascular endothelium of the capillaries of the villi. The majority of GIP arriving in the portal
circulation is already inactivated, which explains their short half-life. When administered
intravenously in normal subjects and in diabetic patients, the plasma half-life (t1/2) of
exogenous GIP is about 5-7 minutes [31].
GIP exhibits potent incretin activity in rodents and human subjects and the primary action
of GIP is the stimulation of glucose-dependent insulin secretion. GIP may also play a role in
adipocyte biology. There is evidence that GIP also regulates fat metabolism in adipocytes,
including enhanced insulin-stimulated incorporation of fatty acids into triglycerides,
stimulation of lipoprotein lipase activity, stimulation of fatty acids synthesis [57, 58]. Due to
these central effects on the control of appetite and food intake, GIP has been shown to cause
weight gain via its effects on adipose tissue [59]. GIP has been shown to exert proliferative
and antiapoptotic actions on islet β cells. GIP improved survival of rat INS-1 cells after serum
or glucose deprivation or following exposure to wortmannin or streptozotocin [60, 61]
Moreover, a 2-week infusion of GIP also down regulated Bax and increased Bcl-2 expression
in pancreatic b cells of ZDF rats [62]. Although the insulinotropic actions of GIP are
diminished in hyperglycemic rodents due to, partially, reduced levels of GIP receptor
expression [63], much less is known about the chronic effects of diabetes on preservation of
GIP-dependent pathways linked to cell growth and survival. GIP, but not other nutrientstimulated duodenal endocrine peptides, might regulate secretion of the intestinal PGDPs,
including tGLP-1, in response to nutrient ingestion in vivo in the rat. The importance of GIP
for glucose homeostasis has been studied using peptide antagonists of GIP action or antisera
directed against the GIP receptor in rats and mice. These experiments have demonstrated a
predominant role for GIP in the regulation of postprandial glucose clearance. The chronic
desensitization of the GIP receptor by hyperglycemia and decreased receptor expression in
the islet may cause the ineffectiveness of GIP [64]. The administration of a GIP receptor
antagonist reduced postprandial insulin release in conscious rats by 72% [65]. High glucose
levels in the diabetic range increase the degree of ubiquitination of GIP receptor. The
metabolic results states in GIP receptors ubiquitination in a ligand independent manner [64,
65]. In physiological conditions, smaller loads of rapidly absorbable nutrients would
preferentially activate GIP, whereas ingestion of larger meal containing more complex
nutrients would activate the distal incretin GLP-1 [31]. In contrast to studies with GLP-1,
endogenous GIP does not appear to be important for control of fasting glucose [65, 66].
Placement of either fat or glucose directly into the duodenal lumen significantly increased
plasma levels of GIP [67].
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Although postprandial intestin endocrine cell stimulation is related to the secretion of
other peptides, which also play an important role in regulating energy homeostasis of the
body, shown above, GLP-1 and GIP seem to play the most important role in regulating the
carbohydrates homeostasis. Results of studies in humans as well as studies in rodents (mice
with double knock-out of the GIP and GLP-1 receptors, diabetic rats ZDF) consistently
showed their role in glucose homeostasis maintenance and the additive effect of these two
hormones in the incretin effect [19, 34].

Incretins and Its Role in T2DM Pathophysiology
The incretin effect is reduced or lost in obese type 2 diabetic mellitus patients (BMI 37
kg/m2). It has prompted speculations that abnormalities in the entero-insular axis may
precede, and perhaps even predispose the development of diabetes. Moreover, evidence that
the strengthening of incretin effect improves glucose tolerance in people with type 2 diabetes
mellitus [68].
Several studies have reported significant reductions in GLP-1 levels after mixed meal
ingestion in patients with type 2 diabetes [37, 69, 70]. Nevertheless, there are conflicting
reports regarding meal-induced GLP-1 responses in D2M patients in comparison with the
healthy control [37, 71]. The decreased response of GLP-1 in TD2M patients is related to
BMI and the actual diabetic state [37]. The impaired secretion of GLP-1 seems to be a
consequence of diabetes and develops as glucose intolerance progresses [72]. Different
responses in GLP-1 secretion between type 2 diabetic patients and healthy participants may
be predicted by such characteristics as age, body weight, fasting NEFA concentrations,
fasting glucagon concentrations and insulin resistance. Different GLP-1 responses in patients
with type 2 diabetes depend on the individual balance of the mentioned factors and the rate of
gastric emptying [19]. A therapeutic strategy based on incretin hormones may restore beta
cell responsiveness to glucose in T2DM. Also intensified treatment resulting in near normal
glucose levels may lead to a partial restoration of incretin action of GLP-1 and GIP [73].
Continuous subcutaneous administration of native GLP-1 to type 2 patients lowers fasting
and postprandial glucose levels, HbA1C and also results in weight loss [74].

GIP
In patients with type 2 diabetes the impairment of GIP secretion is more evident in the
second and third hour after meal intake compared to the healthy glucose tolerant controls [37,
36]. Physiological as well as supraphysiological concentrations of human GIP, do not
stimulate insulin secretion in type-2 diabetic patients as it was observed in normal subjects
[74]. An intravenous infusion of GIP in patients with type 2 diabetes, under hyperglycemic
conditions, elicited 46% of the insulin responses found in the healthy control subjects [75].
The loss of GIP activity is more evident during its continuous infusion than after an
intravenous bolus administration of the peptide. The lack of glucose-lowering activity of GIP
in type 2 diabetes may also be related to its stimulation of glucagon release [75]. The absence
of GIP effect on glucagon secretion is due to the increased glucose concentrations. Glucagon
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secretion is stimulated by GIP only under the basal glucose concentrations, whereas insulin
secretion is enhanced under the hyperglycemic conditions showing a role for GIP in the
feedback control of glucose homeostasis [76]. Nevertheless, the reduced incretin effect in
type-2 diabetic patients is most likely to be explained by the reduced insulinotropic
effectiveness of GIP [74]. Meier et al. 2010 [75], suggested that the inability of GIP to
augment insulin secretion during hyperglycemia is primarily due to the lack of glucosepotentiation of insulin release in patients with diabetes. Moreover, potentially unequal
insulinotropic efficacy of GIP and GLP-1 in patients with type 2 diabetes is due to an
additional mechanism of action rather than due to a specific defect in GIP signaling. On the
basis of such reasoning, the reduction of the incretin effect in patients with diabetes may
simply be an epi-phenomenon of chronic hyperglycemia, independent of any primary defect
in GIP or GLP-1 action. Reducing hyperglycemia and enhancing β-cell function in general
terms may therefore also improve the incretin effect, independently of specific interventions
related to circulating levels of GIP or GLP-1 [75].

Peptide YY
The circulating levels of PYY3-36 increase within 15 minutes after a meal intake, with a
highest level 60 min-120 min postpriandally, and then slowly declines to baseline for up to 6h
[77, 78]. PYY reduces food intake and body weight. Circulating PYY3-36 concentrations are
decreased in obese people in comparison to their non-obese counterparts [79, 80]. The PPfold acts via the Y family of G protein-coupled receptors. Moreover, it is proved that low
circulating levels of PYY play a role in the etiology of type 2 diabetes and associated obesity.
It is also known, that females produce a larger PYY response to a meal than male participants
[62]. Nevertheless, other studies show no significant differences in PYY plasma concentrations between lean and obese subjects [62, 81]. Intravenous infusion of PYY3-36 in dietinduced insulin-resistant mice improve insulin sensitivity, as assessed by hyperinsulinemiceuglycemic clamp [82].
Moreover, a 4-week subcutaneous infusion of PYY3-36 by osmotic pump in diabetic fatty
Zucker rats also improved glycemic indices [83]. The pattern of PYY secretion may be a
physiologic satiety signal, acting to terminate the meal and stimulating coordinated
gastrointestinal responses to aid digestion and absorption. The release of PYY occurs before
nutrients have reached the distal gastrointestinal tract and the predominant sites of PYY
secretion, this implies that release of PYY occurs via a neural reflex, possibly through the
vagus nerve.
The impaired postprandial PYY release may impair satiety and help maintain obesity, if
not it acts as a primary driver of initial development of obesity. PYY3-36 modulates the
activities of orexigenic neuropeptide Y (NPY) neurons and anorexigenic proopiomelanocortin
(POMC) neurons in the hypothalamus to inhibit food intake. Reduced PYY signaling is a
primary cause of obesity, it is certainly true that retained PYY sensitivity in the obese makes
it an attractive therapeutic target [28]. Besides its known effects as a short-term regulator of
energy homeostasis, PYY levels also reflect long-term changes in body composition.
Batterham and colleagues proved the effects of PYY3-36 on satiety, food intake and body
weight in animals and humans [84, 85]. They showed that PYY3-36 acts on the arcuate nucleus

Complimentary Contributor Copy

10

Dominika Stygar, Tomasz Sawczyn, Iwona Karcz-Socha et al.

in the hypothalamus to reduce food intake and body weight inhibiting NPY neurons and
stimulating POMC expressing neurons via Y2 receptors [84].
Moreover, peripherally administered PYY3-36 activates neurons in the area postrema and
nucleus tractus solitaries, via regions of the brainstem, to reduce food intake by inducing an
aversive response [86]. Boey et al. 2006 [87] showed that, fasting serum PYY3-36 levels in
female patients with genetic predispositions to type 2 diabetes were lower when compared to
the healthy counterparts. Association between PYY3-36 and insulin secretion with low
circulating levels of PYY predisposing to high insulin secretion. Moreover, fasting serum
PYY3-36 levels in type 2 diabetes melitius, were positively correlated with insulin sensitivity
and adiponectin, which may predict adiposity and insulin sensitivity.

In Searching of the Missing Protein(s)
Described in the previous section incretins play a significant role in the pathophysiology
of type 2 diabetes. Modern surgery opened the possibility of surgical treatment of diabetes,
and also opened new opportunities for research on the role of incretin hormones in the
pathophysiology of diabetes. Changes in gastrointestinal hormones have been analyzed for
those bariatric procedures that alter food transit and also for those in which rearrangement of
intestine is not related to the exclusion of part of the intestine with the passage of food, but
with an earlier delivery of food to the hindgut through the transposition of ileum to proximal
part of jejunum (Ileal transposition) [88].
In the latter case, the increase level of GLP-1 in plasma is could be explained by early
stimulation of L cells. It is possible that after malabsorptive/restrictive operations like Rouxen- Y gastric bypass (RYGB), BPD (bilipancreatic diversion) or DJB (duodeno-jejunal
bypass) expedited delivery of nutrient chyme to the distal intestine occurred, enhancing
stimulation of L cells and GLP-1 releasing which results in glucose tolerance amelioration
[89, 90, 91, 92]. However, the effect of improving glucose tolerance can be achieved only by
bypassing a short segment of the proximal intestine. Rubino et al. in an experiment carried
out on Goto-Kazaki diabetic rats indicated that the exclusion of a short segment of proximal
intestine from the food passage resulted in improved glucose tolerance [16]. To confirm the
effect obtained by using duodenal-jejunal bypass or gastrojejunostomy, after four weeks they
conducted the second operation restoring duodenal transit which resulted in reestablished
glucose intolerance. Despite the fact that the level of incretin in the experiment was not
examined, this study suggests that the proximal small bowel contributes to the alterations of
glucose metabolism in type 2 diabetes. These findings have led researchers to formulate the
`foregut hypothesis' which holds that in normal condition stimulation of proximal intestine
triggers the mechanism which involves at least two factors secreted by intestinal endocrine
cells. One of them is the glucose dependent insulinotropic polypeptide (GIP) which increases
insulin secretion, and the second one is an unknown factor which controls insulin action to
prevent hypoglycemia [16]. Thus, the authors postulated the existence of another factor which
is involved in the regulation of glucose homeostasis by acting antagonistically to the incretin
hormones.
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The imbalance between the mentioned factors (incretin and `anti-incretin'), caused by
chronic stimulation with particular nutrients may play a significant role in causing insulin
resistance and type 2 diabetes [16]. Unfortunately, the experiment described above does not
show incretin levels data, making it more difficult to substantiate the interpretations, however,
it entitles to seek new factors involved in glucose homeostasis maintenance. Extremely
interesting is the fact that healthy Wistar rats that underwent duodenal-jejunal bypass (DJB)
had impaired glucose tolerance [17, 93]. Although the mechanism responsible for the
aggravation of glucose homeostasis in normal non-diabetic Wistar rats is still unknown, these
findings indicate that the relevant factor could be hidden in the rearrangement part of the
intestine [17, 93].

Diabetes Treatment and Incretins
The main goal of T2DM treatment is to reduce the risk of diabetic complications and
premature death. Before 2007 combinations of the five medicines: biguanides, sulfonylureas,
meglitinides, thiazolidinediones and alpha-glucosidase inhibitors were commonly used in the
T2DM treatment. Apart from the oral therapy, the modification of the sedentary lifestyle and
over nutrition was and is very important [94]. Hyperglycemia plays a key role in the
pathogenesis of T2DM, inducting insulin resistance and β-cell failure [95]. Incretin mimetic
and DPP-4 inhibitors are the new hypoglycemic agents in the management of T2DM [96].
These groups of medicines reduced successfully fasting and postprandial glucose
concentrations and gyrated hemoglobin [96, 97]. Infusion of GLP-1 improves the glycemic
control and influences the β-cell function as well as weight and cardiovascular risk factors
[97]. GLP-1 prevents β-cell glucolipotoxicity [35], regulates cell proliferation in the pancreas
[98], inhibits the cell apoptosis and improves glucose responsiveness of isolated human islets
[99]. Exogenous infusion of GLP-1 improves left ventricular function in patients with chronic
heart failure [100], myocardial infarction [101], and reduce the blood pressure [102]. The
mechanism of the glycemic effects of DPP-4 inhibitors is still not clear. Inhibition of DPP-4
does not increase the “total' volume of circulating GLP-1 [103].
On the other hand, there are studies describing modest increase in GLP-1 in circulation
(probably it depends on how specific assays were used) [104, 105]. It is possible that other
mechanisms independent of GLP-1 decide about the efficiency of DPP-4 inhibitors in
treatment of T2DM, for example pituitary adenylate cyclase-activating polypeptide [105,
106]. Currently, degradation-resistant GLP-1 receptor agonists and inhibitors of the enzyme
DPP-4 are widely used in the treatment of T2DM. Exenatide and liraglutide are injectable
drugs [97]. Exenatide has a 53% homology to human GLP-1. We have to use it twice daily, 5
µg per dose or the 10 µg. Nevertheless, nausea, vomiting, diarrhea and abdominal pain are the
main side effects [107]. Liraglutide has 97% homology to native GLP-1 for one daily
subcutaneous administration. Common side effects are nausea and gastrointestinal symptoms
[108]. Action of GLP-1 agonists are characterized by the low risk of hypoglycemia [107,
108]. Sitagliptin, saxagliptin and vildagliptin, are oral agents that belong to DPP-4 inhibitors.
Application of DPP-4 inhibitors improves glycemic control by increasing GLP-1
longevity. The selective DPP-4 inhibitors e. g. sitagliptin, alogliptin, saxagliptin, and
vildagliptin, applied in the treatment of Type 2 diabetes, increase the level of active incretin
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hormones, decrease level of circulating glucagon thus preserve or enhanc β-cell function [40].
GLP-1 has been the basis of two novel classes of glucose lowering agents, incretin mimetics
like GLP-1 receptor agonists and inhibitors of protease dipeptidyl peptidase (DPP)-4 [40].
The analysis of the treatment with metformin type 2 diabetic patients has shown to
enhance GLP-1 responses [19].
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Abstract
Adipose-derived secreted factors called adipocytokines or adipokines are considered
to be strongly involved in the pathogenesis of type 2 diabetes mellitus and obesity
complications. Adipocytokines play important roles in insulin resistance, participate in
regulation of the energy homeostasis, glucose and lipid metabolism. Adipokines
dysfunctions belong to the primary defects in obesity and may link obesity to several
health problems including increased risk of insulin resistance, type 2 diabetes,
hypertension and dyslipidemia. The current research in field of obesity strongly involve
new adipokines linking obesity to related co-morbidities. In this chapter, we focus on the
role of adipokines in glucose metabolism and its connections with T2DM.

Introduction
Early diagnosis of type 2 diabetes mellitus is a crucial factor in avoiding common
diabetic complications. Morbidity and mortality among T2DM patients are mostly connected
with a complicated course of the disease. Beside hyperglycemia, adipokines can be viewed as
other factors in the pathogenesis of diabetic complications [1]. According to current studies,
adipocytokines play important roles in the pathogenesis of diabetes mellitus, insulin
resistance, and are also associated with metabolic conditions such as hypertension and
dyslipidemia [2]. The adipose tissue, by changes in production of adipokines, can contribute
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to insulin resistance in the liver and muscle [3, 4]. Adipocytokines participate in regulation of
the energy homeostasis, glucose and lipid metabolism, immunity as well as neuroendocrine
and cardiovascular function. Adipokines participate in various metabolic processes including
the regulation of appetite control, cardiovascular function, energy expenditure, insulin
sensitivity and secretion, as well as inflammation [2, 5-8]. Adipocyte dysfunctions belong to
the primary defects in obesity and may link obesity to several health problems including
increased risk of insulin resistance, type 2 diabetes, fatty liver disease, hypertension,
dyslipidemia, atherosclerosis, dementia, airway disease, and some types of cancers [5, 6].
Adipose tissue secretes pro-inflammatory cytokines and adipokines like TNFα, transforming
growth factor β (TGFβ) and interferon-c, C-reactive protein (CRP), interleukins (IL)-1, -6, -8,
-10, plasminogen activator inhibitor-1 (PAI-1), fibrinogen, haptoglobin, angiopoietin-related
proteins, metallothionein, complement factor 3, serum amyloid A (SAA) protein,
anandamide, and 2-AG as well as chemoattractant cytokines, such as monocyte chemotactic
protein-1 (MCP-1), progranulin and macrophage inflammatory protein-1a [1, 3, 5, 6, 8]. The
current topics in obesity research involve new adipokines linking obesity to related comorbidities.

Leptin
Leptin seems to play a pivotal role in the mechanism of proper control of metabolic
homeostasis, in which various molecules build an integrated network of functional
interactions. In the 1950s, the Jackson Laboratory identified two strains of mutant mice that
eat excessively and become profoundly obese. In 1994, Zhang et al. successfully identified
and cloned the ob gene and demonstrated that it is expressed selectively in adipose tissue [9,
10]. Subsequently the peptide hormone coded by ob gene was termed leptin, mutation of
which caused obesity in the ob/ob mouse. It was only a matter of time until the receptor for
leptin would be cloned. Indeed, not long thereafter, Tartaglia et al. cloned this protein, the
expression of which was demonstrated in the hypothalamus and other tissues, and the db
mutation was localized to this gene locus [11, 12]. Animals in leptin synthesis failure and
non-functional leptin receptor exhibit not only hyperphagia and obesity but also insulin
resistance and type 2 diabetes mellitus as well [9, 13]. The discoveries noted above have
given scientists a large research capacity in a field of neuroscience, pharmacology, and even
metabolic surgery (metabolic operations undertaken on fa/fa rats with non-functional leptin
receptor). Over the past few decades, the synthesis, regulation and effects of leptin have been
extensively investigated in a field of its pleiotropic role in human physiology and also in the
pathophysiology of metabolic disorders like metabolic syndrome, type 2 diabetes mellitus and
many others. In our considerations, we will focus only on the role of leptin in glucose
homeostasis, including its neural component of activity.
As noted above, leptin receptors (LepRb) have been found in the hypothalamus. The
hypothalamus is a part of central nervous system CNS which governs appetite regulation and
energy homeostasis. Via complex neuronal networks, the hypothalamus integrates the signals
from the gastrointestinal tract and adipose tissues and produces reactions responsible for the
regulation of food intake and energy metabolism [14]. Afferent signals, such as the hormones
insulin and leptin, convey information to the brain regarding long-term energy stores, while

Complimentary Contributor Copy

Adipokines and Ghrelin Influenced Glucose Metabolism

21

information regarding short-term energy availability is conveyed by nutrient signals like
glucose and free fatty acids as well as hormones like grehlin (see below). Neurons within the
arcuate nucleus of the hypothalamus (ARC) play a key role in leptin’s metabolic actions [1518]. The molecular mechanism underlying leptin's metabolic effect is based on IRS-PI3K
pathway activation in the hypothalamus. Pharmacological inhibition of PI3K activity in the
brain blocks the satiety caused by leptin action [19]. In the ARC, two populations of leptin
responsive neurons have been found: neuropeptide Y/agouti-related-peptide (NPY/AgRP) and
pro-opiomelanocortin neurons (POMC). Leptin inhibits the firing rate of NPY/AgRP neurons,
while at the same time depolarizing POMC [20, 21]. AgRP stimulates appetite by acting as an
antagonist of anorexigenic amelanocyte-stimulating hormone (α-MSH) at melanocortin–
receptors (MC-Rs), while POMC neurons produce several neuropeptides, including α-MSH,
which inhibit food-intake, increase energy expenditure and promote weight loss [22, 23, 24].
With respect to the functions noted above, in the condition of reduced leptin signaling (e. g.
fasting or induced weight loss) POMC neurons are inhibited while NPY/AgRP neurons are
stimulated. This leads to promotion of positive energy balance and the recovery of weight
loss [18]. Moreover, leptin action in POMC neurons normalizes glucose and glucagon levels
and improves hepatic insulin sensitivity [25]. It is noteworthy that feeding behaviors are
stimulated not only by releasing NPY, but also by reducing melanocortin signaling through
the release of endogenous melanocortin-3/4 receptor agonist [26]. The discovery of
coordinated function of the two neuronal subpopulations shows both their crucial role in the
central regulation of energy homeostasis and the pivotal role of leptin.
Besides its well established role in energy homeostasis, leptin plays an important role in
glucose homeostasis as well. Several observations indicate that leptin regulates glucose
metabolism independent of its effect on energy balance. The simplest proof is the presence of
insulin resistance and type 2 diabetes mellitus in mice with genetic leptin deficiency (ob/ob)
or leptin receptor deficiency (db/db mouse or fa/fa rat). Rossetti et al. observed that acute
intravenous leptin infusion enhanced insulin's ability to suppress hepatic glucose production
without affecting peripheral insulin action [27]. A similar effect was obtained by
intracerebroventricular (ICV) leptin administration. Acute ICV infusion of leptin inhibits the
action of insulin on the gene expression of phosphoenolpyruvate carboxykinasein (PEPCK) in
the liver and results in marked changes in the intrahepatic partitioning of glucose fluxes with
increased gluconeogenesis and decreased glycogenolysis [28]. German et al. determined that
continuous infusion of leptin directly into the brain normalizes blood glucose levels in STZinduced diabetic rats. In this model, in which the rats have beta cells damaged by
streptozotocin treatment, this effect cannot be explained by recovery of pancreatic beta cells.
Moreover, the authors indicated that this effect also cannot be explained by reduced food
intake and increased urinary glucose losses. They postulate that leptin action in the brain
potently suppressed hepatic glucose production while increasing tissue glucose uptake despite
persistent, severe insulin deficiency [29]. Interestingly, this effect was also observed at the
level of isolated cells and organs. Decreased activities of gluconeogenic enzymes like glucose
6-phosphatase and PEPCK were found in correlation with increased activities of glycolytic
enzymes like glucokinase and pyruvate kinase in isolated hepatocytes from fa/fa rats. Basal
lactate/pyruvate-dependent gluconeogenesis in these hepatocytes is reduced by 60%
compared to lean rats [30].
Isolated perfused livers of lean rats were used to investigate the role of leptin in direct
action on liver glucose metabolism. This allowed examination of direct hepatic leptin action
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independent of its other effects that may also affect hepatic glucose metabolism [31]. Using
this approach in studies of postprandial glycogenolysis, Halaas et al. [31] pointed out that
recombinant mouse leptin suppressed epinephrine-stimulated glucose production. The authors
postulated that certain metabolic changes found in the db/db mouse and the fa/farat, which are
leptin-resistant as a result of mutations of the OB gene receptor, can also be explained by
impaired leptin action at the level of the liver [31].
Taken together, these results reveal an extensive and integrated role of leptin in the
regulation of not only energy homeostasis but of glucose homeostasis as well, and the central
nervous system is involved in both central and peripheral leptin effects [18].

Adiponectin
Adiponectin, also known as Acrp30, AdipoQ or gelatin-binding protein, is one of the
most important substances secreted by adipose tissue. Its protective effects against metabolic
syndrome and type II diabetes have been reported and adiponectin is currently considered as a
potential therapeutic target or biological marker in the disorders mentioned above and many
others including atherosclerosis, thrombosis, coronary heart disease (CHD) and infertility [3234]. A growing body of evidence suggests that adiponectin affects energy balance through its
regulating role in tissue insulin sensitivity as well as GLUT4 translocation, glucose uptake
and fatty acids oxidation [35,36]. Adiponectin has also been implicated in direct energy
balance regulation by increasing thermogenesis [37]. In this part of our paper, we focus on the
dependence between alterations of the adiponectin level and the effect on glucose
homeostasis.
Adiponectin is an adipokine occurring in the plasma in three different molecular weight
isoforms: a trimer (low molecular weight), a hexamer (trimer-dimer) of medium molecular
weight, and a larger molecular weight form (High Molecular Weight - HMW) [38]. It can be
assumed that different isoforms might play different roles. Indeed, there are several studies
confirming this hypothesis. Pajvani et al. 2004 [39] found that increases in the ratio of plasma
HMW adiponectin levels to total adiponectin levels correlate with improvement in insulin
sensitivity during thiazolidinedione treatment in both mice and human diabetic patients,
whereas increases in total serum adiponectin levels do not show positive correlation with
improvement in insulin sensitivity during treatment with the medication at the individual
level. Moreover, reduced levels of HMW adiponectin were reported to be associated with
upper body fat distribution, insulin resistance, impaired lipid oxidation, and dyslipidemia
affecting multiple lipoprotein subclasses [40]. Similarly, Fisher et al. 2005 showed that serum
high molecular weight complex (HMW) of adiponectin correlates better with glucose
tolerance than total serum adiponectin [41]. It is noteworthy that levels of total adiponectin,
HMW adiponectin, LMW adiponectin, and the HMW-to-total adiponectin ratio all correlated
significantly with the crucial features of central obesity and the insulin-stimulated glucose
disposal rate, as measured by hyperinsulinemic-euglycemic clamp [40]. However, the HMW
rather than total adiponectin, seems to be the more active form of the protein. Furthermore,
rare mutations: G84R and G90S, in the collagen domain are closely associated with type 2
diabetes mellitus (T2DM), and hypoadiponectynemia. Subjects with either of these two
mutations did not form HMW adiponectin multimers [42-44].
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As we mentioned above, adiponectin plays a pivotal role in energy homeostasis, hence is
one of most important substances in the integrated network of functional interactions between
the factors involved in the pathogenesis of metabolic syndrome and type 2 diabetes mellitus.
Reduced adiponectin levels are characteristic for insulin resistant individuals, and can be
caused by interactions of genetic factors themselves and environmental factors like lifestyle
changes that cause obesity, such as a high-fat diet and sedentary lifestyle [45].
The adiponectin gene (ADIPOQ) is located on the 3q27 chromosome. It has been
reported that many single nucleotide polymorphisms (SNPs) in the ADIPOQ gene, are
associated with a variety of disorders. Most of the disorders are part of metabolic syndromes
e. g. impaired glucose tolerance, type 2 diabetes, obesity, and dyslipidemia [46]. An
approximately doubled risk for developing type 2 diabetes mellitus has been found in
Japanese individuals who had two alleles of SNP 276 (G/G genotype) [43]. In the study of the
Indian population, a positive association was found between SNP45 T >G genotype and type
2 diabetes. Therefore, SNP45T >G in the adiponectin gene may be one of the risk factors for
type 2 diabetes [46]. Also, studies undertaken on different ethnic groups showed similar
associations of the adiponectin gene with susceptibility to type 2 diabetes mellitus [43, 4749].
In times in which high-caloric foods are readily available, this "genetic ballast" seems to
be really "cumbersome". In this context, the lifestyle should be considered as the second
factor causing obesity, insulin resistance, type 2 diabetes mellitus and hypoadiponectynemy.
It has been shown that levels of adiponectin are changed in the pathogenesis of these diseases.
Adiponectin has been shown to directly and indirectly affect insulin sensitivity through
modulation of the insulin signaling pathway and modulation of the molecules involved in
glucose and lipid metabolism [35, 50- 52]. It has been reported that an acute increase in the
level of circulating adiponectin in the plasma of diabetic mice causes a transient decrease in
the basal glucose level by inhibiting the expression of hepatic gluconeogenic enzymes and the
rate of endogenous glucose production [53]. Further experiments on insulin resistance in vivo
made on adiponectin transgenic mice and adiponectin-deficient mice provide consistent data,
and the reported discrepancies were most likely due to differences in genetic background [54,
55]. The proposed mechanism underlying the insulin-sensitizing action of adiponectin is
based on stimulation of AMP-activated protein kinase (AMPK) phosphorylation [52].
Adenosine monophosphate-activated protein kinase (AMPK) is an evolutionally wellconserved heterotrimeric serine/threonine kinase [56]. AMPK regulates cellular and systemic
energy homeostasis [56]. High expression of AMPK increases food intake and body weight;
whereas dominant negative AMPK expression in the hypothalamus leads to reduction of food
intake and body weight [57]. This effect was abolished by the use of dominant-negative
AMPK, indicating that stimulation of glucose utilization by adiponectin occurs via activation
of AMPK. [52]. It is noteworthy that activation of AMPK increases glucose uptake in muscle
cells and provokes catabolic transformations that generate ATP, while switching off anabolic
cellular processes (e. g. glycogen synthesis) [58]. Current evidence suggests that many effects
of adiponectin are mediated through AMPK stimulation. It has been demonstrated that AMPkinase activation promotes depletion of cellular glycogen stores and reduces glycogen
synthesis in L6 rat skeletal muscle [36, 59]. Ceddia et al. 2005 also showed that globular
adiponectin increases GLUT4 translocation and glucose uptake in L6 rat skeletal muscle,
independent of insulin action involving AMPK [36]. Administration of physiological doses of
adiponectin reduced triglyceride accumulation in skeletal muscle and liver by enhancing fatty
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acid combustion and energy dissipation in skeletal muscle [60, 61]. It has been demonstrated
that adiponectin increases fatty acid oxidation in the liver and skeletal muscle, and this
process is associated with enhanced insulin sensitivity via PPARα and AMPK stimulation
[62-65]. Adiponectin can stimulate cellular molecules involved in energy homeostasis
through binding to membrane receptors. Two different proteins have been localized as
adiponectin receptors: AdipoR1 and AdipoR2 [66]. AdipoRs are ubiquitously expressed in
liver, muscle, heart, adipose tissue, osteoblasts, pancreas and brain of humans, rodents and
various other mammals. AdipoR1 is quite ubiquitous, including an abundant expression in
skeletal muscle, whereas AdipoR2 is most abundantly expressed in the liver [45]. Expression
or suppression of both AdipoR1 and AdipoR2 receptors confirms the hypothesis that after
globular or full length adiponectin binding, they mediate increased AMPK, PPARα ligand
activates, fatty acids oxidation, and glucose uptake [62]. Thus, with respect to the molecular
mechanism underlying the insulin-sensitizing action of adiponectin, not only the adiponectin
level is important for this phenomenon, but also AdipoRs expression. Indeed, obesity
decreases not only plasma adiponectin levels but also AdipoR1/R2 expression, which leads to
reduction of adiponectin sensitivity and insulin resistance [66]. It has been also reported that
expression of adiponectin receptors in the skeletal muscle of patients with type 2 diabetes
mellitus decreased [67]. In addition, Adipor1 mRNA and Adipo R2 mRNA expression was
positively correlated with in-vivo C-peptide concentration and triglyceride concentration,
respectively [68].
Taken together, these results reveal an extensive and integrated network of functional
interactions between adiponectin and other molecules involved in glucose and lipid
homeostasis. This opens up many opportunities for therapeutic strategy in the treatment of
insulin resistance, type 2 diabetes mellitus, metabolic syndrome and cardiovascular disease.

Visfatin
Visfatin, was previously known as a pre-B cell colony-enhancing factor (PBEF), and its
function in the immune system was indicated as a growth factor for early B cells [69]. It was
identified in 2004 as an adipokine [70] and named visfatin, which suggested that it would be
predominantly produced and secreted in visceral fat tissue. However, the name turned out to
beslightly misleading. Subsequent studies have identified visfatin as a nicotinamide
phosphoribosyltransferase (NAMPT) capable of producing nicotinamide mononucleotide
(NMN), a precursor for the metabolic co-factor NADC [71]. Moreover, it has been shown
that visfatin/PBEF/NAMPT is produced not only in human leukocytes and adipocytes but
also hepatocytes and muscle [72, 73].
The discovery by Fukuhara et al. [70] that plasma concentration of visfatin correlates
strongly with the amount of visceral fat in human subjects and visfatin had insulin-mimetic
effect in rodent models of insulin resistance and obesity in vivo, caused a flurry of research on
its relationship to type 2 diabetes mellitus, insulin secretion and sensitivity and also to other
adipokines (i. e. adiponectin). However, despite significant interest, relatively little data was
published which could clearly indicate the biological function of visfatin in metabolic
disorders.
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Fukuhara et al. [70] showed that visfatin exerted an insulino-mimetic effect in vitro and
lowered the plasma glucose level in mice. They also suggested that visfatin binds to and
activates the insulin receptor. Recent data show that the NAD biosynthetic activity of
NAMPT/Visfatin is crucial for the regulation of glucose metabolism. Revollo et al. [74]
found that heterozygous mice (Nampt+/−) and islets have defects in NMN/NAD biosynthesis
and glucose intolerance, mainly caused by insulin secretion deficiency. This impaired beta
cell function can be ameliorated by administration of nicotinamide mononucleotide (NMN),
the product of visfatin on NAD biosynthesis [74]. Thus, NAD biosynthesis could be
physiologically more important than the insulin-mimetic activity of visfatin for the regulation
of glucose metabolism through its role in amelioration of islet dysfunction. Caton et al.
investigated NAMPT/Visfatin activity on beta cells in vitro with induced inflammation and in
vivo on mice fed a fructose-rich diet (FRD) causing impaired insulin secretion and elevated
islet expression of IL1β [75]. They found that NMN restored insulin secretion in cultured islet
cells, and this effect was partially blocked by inhibition of sirtuin 1. Furthermore,
administration of exogenous NMN to FRD-fed mice alleviates inflammation-induced islet
dysfunction. Thus, the onset of beta cells failure in FRD-fed mice may occur via lowered
secretion of extracellular NAMPT [75]. Nevertheless, Brown and co-authors suggest that
visfatin can regulate insulin secretion and insulin receptor phosphorylation as well as the
expression of a number of genes associated with beta cell function in mice [76]. They found
12 of the 84 genes tested were significantly up or down-regulated by treatment with visfatin,
including insulin and sytaxin 4, which enhance glucose-stimulated insulin secretion [76].
Moreover, the specific visfatin inhibitor FK866 blocks not only increasing visfatin-induced
insulin secretion but also activation of the ERK1/2 insulin receptor. Both visfatin and NMN
induced ERK1/2 activation. These data suggest that visfatin has a role in multiple aspects of
islets biology, including a role in the regulation of insulin secretion and receptor signaling.
Taken together, the above data show that visfatin may be a compensatory mechanism or
its role in pathophysiology of diabetes is partial.

Vaspin
Visceral adipose tissue-derived serpin (vaspin) has gained interest in obesity research
after the observation that its expression in white adipose tissue (WATs) ameliorates certain
aberrations seen in the diabetic/obesity metabolic syndrome by sensitizing insulin action in a
rat model of obesity [77]. Elevated vaspin serum concentrations have been associated with
obesity, impaired insulin sensitivity, and fitness level in human subjects [78]. Administration
of vaspin to obese mice restores the mRNA of various genes expressed in WATs to normal
levels. The mRNA were mostly related to the metabolic syndrome including glucose
transporter-4, leptin, resistin, and adiponectin, improving glucose tolerance and insulin
sensitivity [77].
Wada 2008 suggests vaspin and its analogues as a new perspective for drug development
[79]. Moreover, central vaspin administration leads to reduced food intake and has sustained
blood glucose-lowering effects [80]. Vaspin was identified for first time by Hida as a serpin
A12 member of the serine protease inhibitor family [2, 77], which has been found to be
expressed in visceral adipose tissue of Otsuka Long-Evans Tokushima Fatty (OLETF) rats, an

Complimentary Contributor Copy

26

Tomasz Sawczyn, Dominika Stygar, Iwona Karcz-Socha et al.

animal model of abdominal obesity and type 2 diabetes mellitus [77]. In OLETF rats, vaspin
serum levels were reduced in parallel with aging and the development of severe
hyperglycemia, a process which could be reversed by insulin or pioglitazone treatment [1,
77]. Kempf and her co-workers investigated the association of vaspin single nucleotide
polymorphisms (SNPs) with type 2 diabetes mellitus and obesity [81]. Recently, a significant
association of vaspin SNP rs2236242 with type 2 diabetes has been reported in 2,759
participants of the KORA F3 study. The authors found that the AA genotype is associated
with an increased diabetes risk and this association seems to be independent of obesity.
Kempf and her team suggested a link between the novel adipokine vaspin and glucose
metabolism [81]. Expression of vaspin mRNA has been detected in human white adipose
tissue [82], stomach [80], liver, pancreas [83] as well as in the hypothalamus and
cerebrospinal fluid of db/db and C57BL/6 mice [80]. In addition, in mice and humans, the
skin has been shown to express relatively high vaspin mRNA levels [84]. Lean human
subjects (BMI < 25) had a vaspin mRNA expression almost undetectable in both visceral and
subcutaneous (SC), which is in accordance with the hardly detectable vaspin expression in
young OLETF rats [77]. This revealed that vaspin mRNA expression can be inducible by
increased body fat and metabolic abnormalities, which develop in older OLETF rats [77].
Vaspin mRNA expressions in visceral adipose tissue were more frequently detected in
overweight or obese patients with type 2 diabetes. Moreover, increased body fat is the
strongest predictor for decreased insulin sensitivity, and the strongest determinant of SC
vaspin gene expression. It has been proved that visceral vaspin expression is significantly
correlated with BMI, percentage of body fat, and 2 hours OGTT plasma glucose [82],
whereas subcutaneous vaspin expression has shown a significant correlation with waist-to-hip
ratio (WHR) and fasting plasma insulin concentration [82]. Further analysis revealed vaspin
mRNA expression in preadipocytes and mature adipocytes of human omental adipose tissue
and the stromal vascular fraction (SVF) as well [85]. The details of the mechanisms of vaspin
action in glucose metabolism and insulin sensitivity are still not fully understood. Recent data
indicate that vaspin inhibits a protease which plays a role in the degradation of a hormone or
molecule with direct or indirect glucose-lowering effects [1].
Vaspin serum concentrations were significantly higher in lean healthy women compared
to men [78]. Of note, the significant gender differences in circulating vaspin levels starts to
develop during pubertal progression in girls [83]. In lean individuals with normal glucose
tolerance, vaspin serum concentration increased with age [78, 83]. In adolescents, that
concentration has been shown to increase in parallel with worsening insulin resistance and
was acutely down-regulated following glucose provocation in insulin-resistant young subjects
independent of obesity [83]. Körner et al. also showed that, regardless of gender, age and
BMI, lower circulating vaspin level was associated with better insulin sensitivity, higher
systolic blood pressure and impaired endothelial function. In overweight women with
polycystic ovary syndrome,metformin decreased the vaspin serum levels concomitantly with
improvement in insulin sensitivity and a decrease in insulin resistance following 6 months of
metformin therapy [86]. The lowering effects of metformin on the circulating vaspin level
have been confirmed in drug-naïve patients with type 2 diabetes [1]. Interesting correlations
of circulating vaspin with age, gender, and BMI are attenuated in obese patients with
metabolic diseases and cardiovascular complications [2, 87]. Changes in serum vaspin
concentrations observed after Roux en-Y gastric bypass (RYBG) were significantly correlated
with the weight loss. Those changes in plasma vaspin levels were also associated with the
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decrease of circulating insulin levels and the improvement of HOMA, independent of the
reduction in BMI. Handisurya (2010) remarked that the up-regulation of circulating vaspin
levels in obesity associated with insulin resistance, represents an endogenous compensatory
mechanism to preserve glycemic control [87]. Circulating vaspin significantly correlates with
leptin serum concentrations, which indicates that vaspin closely reflects body fat mass [1]. In
contrast, several studies found no association between circulating vaspin levels and insulin
sensitivity in non-metabolic patients like non-diabetic subjects, patients on chronic
hemodialysis, first-degree relatives of D2M patients or hypothyroid patients [88, 89, 23 90,
91].

Apelin
Apelin (APJ endogenous ligand) is a peptide growth factor that binds the APJ receptor
with high affinity. It’s mRNA encodes preproproteins, consisted of 77 amino acid residues,
which is proteolytically processed to several active molecular forms, such as apelin-36, -17, 13, and the pyroglutamated form of apelin-13. Apelin-13 contains the part of the molecule
which was demonstrated to be an endogenous ligand for the G protein-coupled receptor, APJ
[92]. Analyses have shown that the C-terminal part of this polypeptide is the bioactive region
of the apelin, and it is found to be conserved between frogs and mammals [93]. Apelin with a
length of 36 amino acids was originally isolated from bovine stomach tissue extracts. It is a
major component in the lung, testis, and uterus. The aa form of apelin13 was detected in the
mammary gland, apelin17 aa and apelin12 aa were detected in different tissues [94,95]. High
expression of apelin mRNA was detected in the mammary gland of rats during pregnancy and
lactation, reaching a maximal level around parturition. Apelin and APJ mRNA are associated
with functional effects in both the central nervous system and peripheral tissues [96]. This
adipokin is abundantly secreted especially in bovine colostrum and has been detected in
bovine milk [97]. Developmental studies of mice and frogs have shown that APJ receptor is
highly expressed in endothelial precursor cells and nascent vascular structures in embryos of
those species. Apelin is a potent angiogenic factor and acts as a mitogenic, chemotactic and
anti-apoptotic agent, and the expression of the apelin gene increases under conditions of
hypoxia [93]. The sequencing of the human, bovine, rat, and mouse preproapelin has shown
that there is a high sequence homology among the four species and has a 100% sequence
identity for the last C-terminal amino acids [92, 98]. Apelin-13 binds with high affinity and
selectivity to human cardiac tissue. Moreover, a wide distribution of the APJ receptor in the
human vasculature highlights the properties of a novel potent vasoconstrictor in the human
vasculature. Apelin ligand is coexpressed with APJ in frog vascular tissues and in developing
blood vessels of the perinatal mouse retina [93, 99]. Apelin has been shown to be involved in
the regulation of cardiovascular and fluid homeostasis, food intake, cell proliferation, and
angiogenesis [100]. Apelin receptor is expressed in insulin-responsive tissues like adipose
tissue, skeletal muscles, heart and in the liver [101]. Adipose tissue has been shown to
produce and secrete apelin and thus considered as adipokine, which seems to be involved in
obesity and carbohydrate metabolism [102].
In mice, apelin inhibited glucose-stimulated insulin secretion in pancreatic islets [103],
suggesting a connection with glucose homeostasis. Dray and colleagues have shown that both
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short and long-term apelin treatment of high-fat diet (HFD) obese and insulin-resistant mice
improves insulin sensitivity, thus altering glucose metabolism mainly by an increase in
glucose uptake in skeletal muscle [101, 104]. Administration of apelin to mice with
generalized apelin deficiency (APKO) and db/db mice resulted in improved insulin
sensitivity, proving that apelin is necessary for the maintenance of insulin sensitivity in vivo.
The effects of apelin on glucose uptake and Akt phosphorylation are in part mediated by a Giand AMPK-dependent pathway [105]. Long-term apelin treatment of mice deficient in apelin
signaling has reversed the changes in increased FFA, glycerol, and leptin concentrations as
well as abdominal adiposity [106]. Apelin administration inhibits isoproterenol-induced
lipolysis in cultured adipocytes as well [106]. After 4 weeks of chronic apelin treatment,
insulin-resistant and high-fat diet (HFD)-induced obese mice had significantly lower plasma
levels of glycemia, and were protected from hyperinsulinemia compared to control HFD
phosphate-buffered saline (PBS)-treated mice. Moreover, the apelin-treated mice had lower
plasma concentrations of triglycerides (TG) and reduced adiposity, whereas plasma fatty
acids (FA) levels remained unchanged. Indirect calorimetry measurements on HFD apelintreated obese and insulin-resistant mice showed lower respiratory exchange ratio values
(RER), which is characteristic for a better use of lipids. With a rise in energy expenditure and
promoting complete lipid use in soleus muscle of insulin-resistant mice, apelin treatment
contributes to insulin sensitivity improvement [104]. A plethora of FFAs or hyperglycemic
conditions lead to increased production of reactive oxygen species (ROS), and, thus reduced
mitochondrial biogenesis, causing mitochondrial dysfunction. Subsequently, mitochondrial
dysfunction observed in muscle and liver tissues drives decreased β-oxidation and ATP
production, resulting in insulin resistance, diabetes, and cardiovascular disease [107]. AMPactivated protein kinase (AMPK) stimulates metabolic processes such as glucose transport
and FA oxidation, in order to supply cellular ATP and, thus mitochondria of skeletal muscles
and liver can adapt to energy demand [107, 108]. 4-week treatment of insulin resistant, obese
mice with apelin13 provoked an increase in mitochondrial biogenesis and a reduction in the
adverse alterations in the ultrastructure of both intra-myofibrillar and subsarcolemmal
mitochondria of soleus muscle, which are usually present in T2DM [104]. Apelin increases
AMPK and acetyl CoA carboxylase phosphorylation in muscle of insulin-resistant mice
[104]. These biological changes in the mitochondria of skeletal muscle were connected with
increased mitochondrial DNA and higher expression of peroxisome proliferator-activated
receptor γ co-activator 1α (PGC1α). It was also connected with nuclear respiratory factor-1
(NRF-1) and mitochondrial transcription factor A (TFAM), which increased mitochondrial
oxidative phosphorylation and mitochondrial biogenesis [109].
In humans, insulin and tumor necrosis factor-α (TNFα) have been shown to be main
regulating factors of apelin expression and secretion in adipose tissue [96, 110]. Circulating
apelin levels and its expression in adipose tissue are significantly higher in morbidly obese
patients [111], type 2 diabetes mellitus subjects [112] and obese patients with impaired
glucose level (IFG) [110]. That is why it can be involved in the pathophysiology of obesity
[113]. Fasting plasma apelin levels have correlated positively with HOMA-IR, BMI, TC,
LDL-C, FBG and fasting plasma insulin. HOMA-IR, BMI, and TC were independent related
factors influencing plasma apelin levels [112]. Furthermore, non-obese subjects, patients with
type 2 diabetes or with impaired glucose tolerance also showed higher levels of apelin than
control subjects [112]. The hypocaloric diet associated with weight loss in women with
moderate obesity resulted in a reduction of plasma apelin levels [114]. In morbidly obese
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patients with diabetes 2 mellitus or with impaired fasting glucose, bariatric surgery led to a
significant decrease in apelin levels [113]. On the other hand, no significant change in the
concentration of apelin was found in the group of morbidly obese patients with NFG [113].
These findings show that weight loss is not crucial for the reduction in apelin levels.
Moreover, the combination of insulin-sensitizing medications such as metformin and
rosiglitazone improves the glycemic profile and allows an increase in plasma apelin levels in
patients with diabetes 2 mellitus [115]. As a whole, these findings point out that the increased
levels of apelin may, in a first phase of metabolic disease, be a compensatory delay
mechanism of the insulin resistance and may play a role in the pathogenesis of type 2 diabetes
mellitus [104, 113].

Ghrelin
Ghrelin was described by Kojima, and Hosoda for the first time in 1999 as a 28-aminoacid peptide hormone isolated from the cells of the gastric mucosa of rats, and secreted
primarily by the epithelial cells of the fundus of the stomach in humans [116-118]. Ghrelin is
a powerful orexigenic peptide that was identified secondary to its effect on the growth
hormone (GH) release from somatotroph cells of the anterior pituitary [119]. Ghrelin
stimulates the appetite via secretion in the hypothalamic neurons via orexigenic hormones
neuropeptide Y (NPY) /AgRP [120] and in hypothalamic arcuate nucleus (ARC) via ghrelin
receptor GHS-R1a [121, 122]. Adenosine monophosphate-activated protein kinase (AMPK)
is an evolutionally well-conserved heterotrimeric serine/threonine kinase [56]. AMPK
regulates cellular and systemic energy homeostasis [56]. High expression of AMPK increases
food intake and body weight; whereas dominant negative AMPK expression in the
hypothalamus leads to a reduction of food intake and body weight [123]. Hypothalamic
AMPK activity may be stimulated via central (intracerebroventricular) and peripheral
(intraperitoneal) ghrelin administration [124, 125]. The main ways of AMPK activation in the
hypothalamus by ghrelin’s signalling pathways has been described through the identification
of the endocannabinoid system [124, 125] and calmodulin kinase kinase 2 (CaMKK2) [126].
The fatty acid pathway, hypothalamic mitochondrial respiration, and uncoupling protein 2
have been considered as downstream targets of AMPK and mediators of ghrelin’s appetite
stimulating effect [127]. Plasma ghrelin levels were reduced in obese subjects compared to
lean controls, and also negatively correlated with percentage of body fat, fasting insulin and
leptin concentrations [128]. Diet-induced obesity (DIO) causes ghrelin resistance by reducing
NPY/AgRP responsiveness to plasma ghrelin and suppressing the neuroendocrine ghrelin
axis to limit further food intake [129].
Very diverse changes in serum ghrelin levels after bariatric surgery have been reported so
far. Postoperative decreases in ghrelin serum concentrations were observed following
procedures that isolated or removed the fundus of the stomach. Reduced production of ghrelin
after gastric bypass may be responsible for weight loss [130]. The RYGB mediates weight
loss and improves glucose tolerance via a few mechanisms, including impairment in ghrelin
secretion in the long-limb variants of RYGB [131]. Postoperative reduction in ghrelin and
gastric inhibitory polypeptide (GIP) levels are opposite to the increases caused by dietinduced weight loss. These changes are thought to contribute to the greater efficacy of gastric
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bypass [132]. By contrast, other reports showed that serum ghrelin levels increased or
remained unchanged after RYGB, adjustable gastric banding (AGB), vertical banded
gastroplasty (VBG), and biliopancreatic diversion with Roux-en-Y gastric bypass (BPDRYGBP) in a period from 6 months to 2 years after surgery. Plausibly, acute reductions of
plasma ghrelin are associated with short-term follow-up of one year or less [133]. Varying
data on serum ghrelin concentrations may be explained by a negative energy mode of the
patients after surgery, differed laboratory procedures among the study sites, and different
bariatric procedures [133].
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Abstract
Bariatric surgery is technically demanding surgery and knowledge of the normal
anatomy of the gastrointestinal tract and the alterations after bariatric surgery are
important for all those involved in bariatric surgery and also for those who may be
involved with dealing with complications that require surgical intervention. This chapter
outlines the anatomical parts that are relevant to bariatric surgery including the abdominal
wall, hiatus, stomach duodenum and small intestine. It also describes the relevance of the
anatomical features of each part to the operative steps of procedures such as gastric
bypass, gastric banding and sleeve gastrectomy. Detailed knowledge of the anatomical
alterations particularly after gastric bypass surgery is also important in understanding and
surgically dealing with certain complications such as internal herniation through
mesenteric defects which is dealt with some details in this chapter.

Introduction
Bariatric surgery is technically demanding surgery requiring meticulous attention to
detail. This is particularly true of laparoscopic procedures which now make up the
overwhelming majority of cases internationally [1]. Sound knowledge of the normal anatomy
of the gastrointestinal tract and the anatomical alterations after bariatric surgery are important
for all those involved in bariatric surgery and also for those who may be involved with
dealing with complications that require surgical intervention. This chapter outlines the
anatomy of the relevant anatomical parts of the gastrointestinal tract and abdominal wall and
their relevance to the bariatric procedures currently in common use.
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Laparoscopic Port Placement:
Anatomical Considerations
Detailed knowledge of the anatomy of the anterior abdominal wall is essential in order to
correctly place the ports and avoid injury to important structures in the anterior abdominal
wall and abdominal cavity. This knowledge of the anatomy should be coupled with a
thorough understanding of the general principles that apply to entering the peritoneal cavity
which include:
1) The ports must be placed in such a way as to prevent significant hemorrhage of the
abdominal wall
2) The ports must be placed in a suitable position to allow manipulation of the
appropriate viscera depending on the type of bariatric procedure. It is important to
appreciate that due to the weight of the abdominal wall fat, the position of the
umbilicus may not always be where it is expected and therefore this cannot be relied
upon as a useful landmark.
3) The ports act as rigid portal which can restrict the freedom of movement of
instruments- this is of particular importance in bariatric surgery due to the thickness
of the abdominal wall.
With regards to gaining access to the peritoneal cavity several techniques have described.
These include the closed Veress needle technique and the use of specially designed optical
trocars such as Visiport© and Endopath Excel© which, in combination of a laparoscope,
provide direct examination of the abdominal layers as they are traversed. Although the
traditional open Hasson technique is still being used by some surgeons this technique is
cumbersome in obese patients due to the thickness of the abdominal wall fat. Regardless of
the method of entry, it is important to ensure that the patient is in the supine position without
tilt, rotation or Trendelenburg positioning to avoid distortion of the abdominal wall
topography and disorientation related to the intra-abdominal anatomy.
The umbilicus is a typical site of insertion for both the Veress needle and open Hasson
technique. Alternatively, many prefer the Palmer’s point for inserting the veress needle or
optical ports as this has been found to be a safe and quick method for gaining entry into the
abdominal cavity [2-4]. Palmer’s point is located in the left subcostal margin between the
mid-clavicular and anterior axillary lines (Figure 1).
Access through this site is facilitated by the fact that the abdominal wall layers are
tethered against the lower rib cage. It is important to note that the Veress needle or optical
trocar should be inserted perpendicular to the abdominal wall in order to avoid damage to the
superior epigastric vessels which usually run medial to Palmer’s point. Once
pneumperitoneum is established the insertion of the rest of the trocars should be done under
direct vision to avoid injury to intra-abdominal structures.
The anticipated use of these ports should be carefully considered by the surgeon and
considerable experience is often required to ensure that the ports are positioned and angled in
such way to maximise the freedom of movement for each port and to avoid frustration
particularly in the early stages of performing bariatric procedures.
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Figure 1. Schematic drawing showing the correct site of insertion of veress needle or optical trocar at
Palmer’s point and the relationship of the epigastric vessels.

Despite taking the above precautions there is an appreciable risk of injury irrespective of
the technique used to gain entry the peritoneal cavity. The pattern of access injury varies with
the site and technique chosen and immediate recognition of these injuries is important to
reduce morbidity and mortality [5]. Typical injuries from using the umbilicus as a site of
entry include damage to major vascular structures and bowel laceration particularly the
transverse colon [6]. Delayed diagnosis of these injuries often results in exsanguination,
abscess formation, peritonitis and death [7]. Access at Palmer’s point can lead to damage to
the left lobe if the liver or the spleen. Injury to omental or epigastric vessels can cause
troublesome hemorrhage which, due to vasoconstriction, may not declare itself until after the
surgery is over.

The Hiatus and Intra-Abdominal Esophagus
Dissection in the vicinity of the hiatus is a prerequisite for most bariatric procedures
including gastric bypass, gastric band insertion and sleeve gastrectomy and therefore
thorough knowledge of the anatomy of this rather complex region is required.

Figure 2. Schematic drawings showing the anatomical relations of the abdominal esophagus.
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The oesophagus passes through the diaphragmatic hiatus and extends downwards and to
the left to end at the gastro-esophageal junction which, in the absence of hiatus hernia, lies
below the diaphragm. The intra-abdominal esophagus is about 0. 5-3 cm in length and is
partially covered by peritoneum anteriorly and laterally on the left side. The anterior vagal
nerve and the phreno-esophageal ligament lie anteriorly and the decussation of the left and
right crura, the posterior vagal nerve and abdominal aorta lie posteriorly. To the right there
are the right crus, caudate lobe and, more postero-laterally, the inferior vena cava while on the
left there are the right crus and fundus of the stomach (Figure 2). The phrenic vessels course
on the surface of the diaphragm close to the hiatus and if care is not taken during liver
retraction and instrumentation these vessels can cause much unwanted bleeding. The Left
phrenic vessels usually pass behind the esophagus but occasionally the vein passes anterior to
it to terminate in the inferior vena cava.

The Stomach
Central to all bariatric procedures is the safe dissection, and if required, mobilisation and
transaction of the stomach and therefore it is important to be familiar with the detailed
anatomy of this part of the gastrointestinal tract. The stomach is described as having a lesser
and a greater curvature which divide the stomach into an anterior and posterior surface. The
lesser curvaturecontinues from the right border of the oesophagus and terminates at the
pylorus.
The lesser omentum is attached to the lesser curvature. The incisura angularis is a
prominent notch on the distal part of the lesser curvature. The left border of the oesophagus
joins the stomach at an acute angle called the angle of His or the incisura cardiaca. From here
the greater curvature arches over the fundus of the stomach and descends downwards and to
the right to end at the pylorus. The sulcus intermedius is a slight groove on the greater
curvature which lies roughly about 2-3 cm from the pylorus (Figure 3). The stomach is
divided into 4 distinct parts. As the esophagus descends through the hiatus it opens into the
stomach at the cardiac orifice which immediately leads to the cardia. The part of the stomach
that lies above a line that passes horizontally across the cardia is known as the fundus. The
body of the stomach lies between this line and the line joining the sulcus intermedius and
incisura cardiaca. Distal to this lies the pyloric antrum which terminates at the gastroduodenal
junction or the pyloric ring.
The pyloric ring represents the transition point between the thick wall of the stomach and
the thin wall of the first part of the duodenum. It can be easily palpated with the fingers or by
sweeping a grasper over it during laparoscopic surgery. Identification of the pyloric ring may
be further aided by the presence of the pre-pyloric vein of Mayo which course over its
anterior surface to drain into the right gastric vein.
A step common to most bariatric procedures involves dissection in the region of the
fundus and cardia. This usually begins at the angle of His and requires gentle retraction of the
fundus inferiorly and to the right and division of the peritoneum at the angle of His and
fundus. This reveals Belsey’s or sub-hiatal fat pad which overlies and often obscures the
angle of His. This fat pad usually contains an artery, often referred to as Belsey’s artery,
which forms a collateral channel between the left gastric and left inferior phrenic artery.
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Figure 3. Schematic drawings showing the important anatomical parts of the stomach (a) and the detailed
anatomy of the esophago-gastric region (b).

This artery runs transversely across the gastro-esophageal junction and dissection of the
fat pad therefore requires meticulous hemostasis to avoid bleeding. Some surgeons prefer to
excise Belsey’s fat pad in order to improve visualisation of the angle of His and facilitate
subsequent dissection. In the case of laparoscopic adjustable gastric banding excision of the
fat pad may help achieve better exposure of the wall of the fundus thus allowing for more
accurate placement of the sutures during gastric wall plication over the band. Furthermore,
some surgeons believe that this step may minimise the risk of postoperative acute obstruction
after gastric banding while others argue that this manoeuvre is associated with a higher
incidence of oesophageal injury [8].

Structure of the Stomach Wall and Gastric Motility
The stomach wall is composed of 4 distinct layers namely the adventia or serosa, the
muscularis externa, the submucosa and mucosa. The adventitia is a mesothelial layer that
represents the visceral peritoneal covering of the stomach. Both anterior and posterior layers
of the stomach unite to form the lesser omentum to the right and the greater omentum to the
left. The posterior surface of the stomach is covered by peritoneum except over a small area
close to the cardiac orifice which lies in opposition with the diaphragm and the upper part of
the suprarenal gland. The muscularis externa, mainly composed of smooth muscle fibres, is
further subdivided into an outer longitudinal, middle circular and inner oblique layer. The
submucosa contains elastin fibres, vessels, lymphatics and Meissner’s nerve plexus. The
mucosa is the inner most layer of the wall of the stomach and is subdivided into muscularis
mucosa, lamina propria and epithelial layer. The thickest part of the stomach wall is in the
antrum- this has implication in terms of the choice of stapler used during sleeve gastrectomy.
Gastric motility is mainly controlled by both neural and hormonal mechanisms. The
contractile waves of the stomach wall are initiated by a pacemaker that is located in the
longitudinal muscle in the area of the cardia and fundus [9]. Gastric distension activates
stretch receptors which in turn initiate depolarisation waves at a rate of 3/minute.
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Figure 4. Anatomical landmarks in RYGB.

These waves propagate from the fundus through the body to the antrum. The force of
contraction of these waves increases from the fundus with its thin muscular layer to reach a
maximum at the pylorus. The function of these contractile waves is churn and mix food in the
pyloric antrum and empty some of the chyme into the duodenum. Stomach emptying is
augmented by vagal stimulation and various hormones such as gastrin,GIP and
cholecystokinin. Sympathetic stimulation on the other hand leads to a reduction in gastric
contractility and emptying. The anterior and posterior vagal trunks course distally to pass
through the hiatus of the diaphragm each splitting into two branches at the level of the cardia.
The anterior vagal trunk branches into the hepatic and anterior gastric nerves. The hepatic
branch passes to the right in the lesser omentum giving off a branch that turns downward to
supply the pylorus and first part of the duodenum.
The anterior gastric branch descends along the lesser curvature to supply the anterior
gastric wall. From the posterior vagal trunk arise the celiac branch which passes to the celiac
plexus and the posterior gastric branch that supplies branches to the posterior gastric wall.
The anterior and posterior gastric branches course distally 0. 5-1. 0cm from the lesser
curvature giving off branches to the stomach walls in what is commonly referred to as
thenerves of Latarjetor “Crow’s foot”. .

The Lesser Omentum
The hepatogastric or lesser omentum extends from the infero-posterior surface of the
liver and portahepatis to the lesser curvature of the stomach. The hepato-duodenal ligament
which forms the free edge of the lesser omentum extends from the liver to the first part of the
duodenum and it contains the hepatic triad which is composed of the hepatic artery, portal
vein and common bile duct. Behind this free edge is the epiploic foramen of Winslow which
leads into the lesser sac.
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Visually, the lesser omentum is divided into a proximal denser portion, the pas condensa,
and a transparent portion, the pars flacida. This latter part is the site of dissection in the pars
flacida technique that is used in laparoscopic adjustable gastric banding. Embedded in the
lesser omentum are the left and right gastric vessels, lymph nodes, branches of the vagal
nerves including the hepatic division and the anterior and posterior gastric branches (nerves
of Latarjet) and,in 25% of individuals, an accessory left hepatic artery (see below).
The most important structure in the lesser omentumto be aware of in bariatric surgery is
the left gastric artery which is the smallest branch of the celiac axis. The artery first runs
superiorly then turns anteriorly to approach the gastro-oesophageal junction where it gives off
branches to the distal esophagus.
The main trunk of the artery courses inferiorly in the lesser omentum to run parallel to the
lesser curvature where it terminates by forming anastomoses with branches of the right gastric
artery. In a quarter of cases the left gastric artery gives rise to an accessoray left hepatic artery
which replaces the main left hepatic artery in 10% of people. The posterior gastric vessels
which are branches of the splenic vessels are reported to be present in as many as 70% of
individuals. These vessels supply the proximal part of the posterior surface of the stomach
and their hidden and often inconsistent location may lead to dangerous bleeding during the
dissection of this area.
In the case of laparoscopic gastric banding the pars flacida part of the lesser omentum is
incised to reveal the caudate lobe and the right crus. The inferior vena cava can also be seen
to lie behind the caudate lobe and to the right of the right crus and great care should be taken
not to damage it. It is often not necessary to extend pars flacida incision proximally into the
pars condensa particularly if a large aberrant or replaced hepatic artery is to be divided.
However, in some cases this artery and the accompanying hepatic branch of the anterior vagal
nerve may be divided in order to achieve better views of the right crus. Sacrificing this nerve
has not been shown to result in serious consequences although there are reports of increased
incidence of cholecystolethiasis after its division [10-12].
Once a window in the lesser omentum is created the right crus is identified and a
retrogastric tunnel is created starting at the anterior surface of the right crus at its lower limit.
A useful landmark for initiating the dissection is a small transverse fat pad on the anterior
aspect of the right crus. This useful landmark often contains a small venous tributary that runs
across the junction between the two crura. Once a small window is created posterior
dissection is then continued with utmost care to avoid unwanted bleeding or damage to the
posterior wall of the stomach. The dissection should be minimal and the grasper is gently
advanced in the direction of the angle of His. Inaccurate angulation of the grasper can lead to
serious bleeding from the spleen or to inadvertent dissection into the substance of the left crus
or the left pleural space.
In the case of RYGB dissection should remain close to the lesser curvature of the
stomach in the perigastric plane. A suitable point to start this dissection is the level of the
second visible vessel about 5cm from the gastro-oesophageal junction. It is worth noting that
the lesser omentum at this level may be quite thick and meticulous dissection close to the
stomach wall is important to prevent bleeding from the often thin walled veins. Extending this
dissection proximally should be avoided to reduce the risk of damaging the left gastric artery
and subsequent devascularisation of the stomach pouch. In addition, excessive dissection or
transection of the lesser omentum to facilitate access to the lesser sac may at least
theoretically exacerbate symptoms of dumping syndrome after RYGB by causing damage to
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the anterior vagus nerve and its branches [13]. Dissection in the perigastric plane is facilitated
by getting the assistant to grasp the stomach wall close to the area being dissected and
attempting to roll the lesser curvature laterally while dissection progresses. From here the
dissection is continued into the lesser sac where posterior adhesions may be encountered.
Once this part of the stomach is transected with a linear stapler dissection is continued
proximally towards the angle of His where further posterior adhesions and the distal extent of
the fat pad are often encountered. From the anatomical point of view it is important to
appreciate that at this level the posterior wall of the fundus is often lax which can lead to
excessively large gastric pouch. This is simply avoided by careful inspection of the posterior
wall of the stomach and by applying left and downward traction on the fundus before
proceeding with dividing the stomach. It is also important to appreciate that the area behind
the gastric pouch contains fatty tissue which is adherent to the posterior wall. This often needs
to be cleared for 1-2 cm proximal to the staple line to facilitate the formation of the gastrojejunal anastomosis but care should be taken not to damage the left gastric artery which is in
the immediate vicinity.

The Greater Omentum
The anterior and posterior peritoneal layers of the stomach unite at the greater curvature
to form the gastrosplenic (lienogastric) and gastrocolic ligaments. The gastrocolic ligament
extends to the right to the first part of the duodenum and inferiorly to continue as the greater
omentum. The short gastric arteries which are branches of the splenic artery or one of its
divisions run in the gastrosplenic ligament to supply the fundus of the stomach. Within the
wall the fundus rich submucosal anastomoses exist between these arteries and the left gastric
and gastroepiploic. This means that the short gastric arteries can be divided with impunity
without compromising the blood supply to the fundus. Traction on the gastrosplenic ligament
and division of the short gastric vessels is required during sleeve gastrectomy and utmost care
should be taken here to avoid bleeding. In addition excessive traction on the fundus during
mobilisation of the angle of His and fundus should be avoided to prevent tearing of the
delicate capsule of the spleen.
Division of the short gastric vessels and the gastro-colic ligament along the greater
curvature to a point about 5-6 cm proximal to the pylorus provides wide access to the lesser
sac and posterior surface of the stomach during sleeve gastrectomy. Here the transverse
mesocolon and its blood vessels, namely the middle colic artery,can be damaged and a
segment of the transverse colon may be devascularised if the correct plane is not adhered to.
To avoid this upward lift on the stomach and downward traction on the transverse mesocolon
is required. Elevating or reflecting the stomach often reveals filmy gastro-pancreatic
adhesions which need to be divided in order to free the posterior wall of the stomach.

The Small Bowel
For procedures that have a malabsorbtive component, notably the RGBY and the
duodenal switch, a great deal of care and attention is required when handling and measuring
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the small bowl. The length of the small intestine is extremely variable ranging from 10 to 30
feet and averaging about 22 feet. The first part of the duodenum continues from the pylorus
with the common bile duct, portal vein, gastroduodenal artery and IVC passing posteriorly.
The second part of the duodenum lies anterior to the right kidney and IVC and posterior to the
transverse colon. The common bile and pancreatic ducts open into the left side of this part of
the duodenum. The third part of the duodenum passes horizontally to the left anterior to the
IVC and posterior to the superior mesenteric vein and artery. The fourth part of duodenum
crosses the spine and the aorta and ends at the duodeno-jejunal flexure to the left of the aorta.
The proximal part of the small bowel is referred to as the jejunum and the remainder is the
ileum. The jejunum commences at the duodeno-jejunal flexure (DJF) and it is differentiated
from the ileum by virtue of its origin at the DJF and by its larger diameter and thicker wall
which is caused its thick mucosal folds (valvulaeconniventes). The DJF is fixed by a
suspensory ligament (of Trietz). Accurate identification of the ligament of Trietz is essential
before proceeding with bowel division and the formation of entero-enterostomy in patients
undergoing RYGB. This requires reflection of the often fat laden omentum over the
transverse colon which itself is retracted cephalad into the upper abdomen by the assistant
(Figure 4). The length of mesentery measured from the mesenteric border of the intestine to
the root of the mesentery does not normally exceed 20-25cm. Its origin from the posterior
abdominal wall commences at the DJF and extends downwards and to the left for about 15
cm. The mesentery contains the superior mesenteric vessels, lymphatic channels, lymph
nodes and autonomic nerve fibres. The mesentery of jejunum has fewer vascular arcades and
longer and infrequent terminal branches compared to the ileum which in contrast has more
arcades and shorter and more numerous terminal vessels. In patients with extreme central
obesity the jejunal mesentery is often foreshortened and this may limit the ability of the
surgeon to pull the alimentary limb up to the level of the gastric pouch without undue tension.
In this situation the retrocolic route is the preferred technique for passing the alimentary limb
posteriorly into the lesser sac and the gastric pouch during RYGB. This is best done by
creating an opening in the anteriorly retracted mesocolon to the left of the middle colic
vessels. If the middle colic vessels cannot be identified a useful landmark for making the
opening is approximately 2-3 cm anterior and to the left of the ligament of Trietz (Figure 4).
The blood supply of the small intestines is derived from branches of the superior mesenteric
artery. The vasa recta are the terminal branches from the arches of the arcades that pass
towards the mesenteric border of the small intestine to supply the bowel wall. An important
feature of these vessels is that they do not anastomose or form collateral circulation. While
this configuration ensures excellent blood supply to the metabolically active small intestine it
means that division of these vasa recta will increase the likelihood of causing ischemia of the
affected part of the bowel wall. It is therefore important to accurately identify these vessels
and ensure that the mesentery is divided parallel and not across these vessels during RYGB.

RYGB- Limbs and Mesenteric Defects
The procedure of RYGB results in the development of several mesenteric which can
potentially lead to the development of internal hernias (Figure 5).
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Figure 5. Mesenteric defects after RYGB.

Closure of these defects at the time of surgery may have a role in preventing the
development of internal herniation which is considered to be the most common cause of
intestinal obstruction after laparoscopic RYGB [14]. Understanding the origin and anatomical
location of these defects is also important for the general surgeon who may be involved in
managing patients presenting with intestinal obstruction or intermittent abdominal pain
secondary to internal herniation.
The following is a brief description of how these mesenteric defects form. The procedure
of RYGB involves the formation of 3 “limbs” – the Roux or alimentary limb which is
anastomosed to the stomach pouch, the bilio-pancreatic (BP) limb which is anastomosed to
the Roux limb and the common channel (CC) which continues to the terminal ileum and
caecum. The first step involves the division of the jejunum and its mesentery some distance
(50-100 cm) from the ligament of Trietz. This results in two free mesenteric edges; the
proximal mesenteric edge which belongs to the BP limb and the distal mesenteric edge which
belongs to the Roux limb.
The next step is forming the jejuno-jejunal anastomosis which involves joining the distal
end of the BP limb to a point 70-150 cm from the proximal end of the Roux limb. This
effectively brings the free mesenteric edge of the BP to lie against the flat surface of Roux
limb mesentery thus creating a defect which is commonly referred to as the meso-jejunal
mesenteric defect.
Once the gastric pouch is formed the gastro-jejunal anastomosis is constructed by pulling
up the Roux limb either anterior to the transverse colon (the antecolic route) or through an
opening in the mesocolon (the retrocolic route). In either case the free mesenteric edge of the
Roux limb comes to lie against the transverse mesocolon thus creating a defect known as
Peterson’s window. In the case of using the retrocolic route the opening through the
mesocolon results in another defect, the mesocolic defect, which is considered to be the most
common site for internal herniation after RYGB.
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Chapter IV

To Have or Not to Have the Ring
Banded Roux-en-Y Gastric Bypass
W. Konrad Karcz
Department of Abdominal Surgery, Videosurgery Division,
Bariatric and Metabolic Surgical Center, University of Freiburg, Germany

Introduction
The evolution from the band to the silicone ring was observed in both vertical banded
gastroplasty and banded gastric bypass. The silicone ring develops a pseudocapsule which
leads to less adhesion and is much easier to remove than the band. A modification of the
proximal gastric bypass by Fobi and Capella prevents dilation of the gastro-enteral
anastomosis and of the adjacent small bowel with increased postoperative weight loss and
significantly improved long-term weight maintenance.

Figure 1. Schedule® of Banded Roux-en-Y Gastric Bypass (LBRYGB).
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Figure 2. 3D volume rendering reconstruction of abdominal MSCT of a LBRYGB. Manual and semiautomatic segmentation techniques are applied to show the pouch (cyan), the Roux-limb (orange), the
esophagus and intestine (blue), and the staple sutures (red).

We are currently waiting for results of multi-centre, prospective randomized studies that
compare the banded to the conventional gastric bypass. Safety and feasibility are demonstrated by Fobi et al. in their published series of 50 consecutive patients with an in-creased
excess weight loss of more than 70% and no increase of postoperative complications.
It is interesting that Fobi’s modification of the gastric bypass is becoming more popular
each year (Figure 1, 2). Need we be hesitant with regard to Silastic rings? How much we can
profit from implantation and what do we have to risk? There are on the market several new
products which could be implanted on the Stomach Pouch. All modern devices are made from
silicone which made the implant safe and easy to remove.

Complications
There are many possible complications after proximal gastric bypass operations, only few
of which are seen in combination with a Silastic rings. The incidence of regurgitation and the
quality of eating is closely related to the ring size. Stubbs et al. reported that in 18 %, major
restriction in the quality of eating occurred in a group of patients treated with a 5. 5 cm ring,
whereas in groups with 6. 0 cm and 6. 5 cm rings only 8% and 4% respectively had similar
problems. 29% of the patients Regurgitation occurred more than three times a week in 29% in
the first group with 5. 5 cm and in only 14 % in the last one. The risk of developing chronic
regurgitation is related to two independent factors, namely the lower esophageal sphincter
function and the size of the silicone ring placed around the gastric pouch. The smaller the
ring, the more frequent the chronic regurgitation. Hypotonia of the lower esophageal
sphincter (the normal value 14-34 mmHg) increases the risk of chronic regurgitation. The
chance is seven times greater compared to patients with normal lower esophagus sphincter
pressure. Both LES hypotonia and a small band diameter increase the risk of frequent
regurgitation. Patients with low LES pressure ought to receive alternative bariatric
procedures, such as the Conventional RYGB or the BPD. Band erosion or migration into the
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gastric lumen after a Banded Gastric Bypass seem to be rather rare late complications. Most
authors reported an incidence of around 0. 5%. Studies with larger patient collectives report a
band erosion rate of 1. 63% (48 of 2,949 Patients). The incidence of erosion was lower (0.
92%) in primary operations. The following clinical symptoms appeared along with the
pathology: weight regain (37. 5%), stenosis or obstruction (35. 4%), pain (18. 75%), bleeding
(14. 58%). 89. 5% of patients lost the ring. In a 10-year observation of banded gastric bypass
patients, Barroso found: 26 stenoses, 9 erosions, 2 spontaneous eliminations, 3 slippages, and
two openings of the ring. The other very large group observed in the Elias Study presented
125 band’s explantations in 138 medical, band-related events. Bands can be removed
spontaneously through migration, per endoscopy, per laparoscopy or rarely by laparotomy.
Some possible causes of band erosion are cited, like: constricting band, suturing the band to
the stomach, imbricating the band with the stomach, and infection. Fobi proposed the
mechanism of Band Errosion (BE), with the first step usually being an inflammation between
the gastric wall and the band leading to band extrusion into the pouch lumen through stitch
abscess formation and extrusion of the stitch. Afterwards, a dense fibrous reaction appears
around the banded pouch.
Removal of the ring is combined with significant weight gain. Appreciable weight regain
occurred in 43. 75% patients who underwent band removal, with an average of 14% excessive
weight loss (EWL) regained. Primary replacement of the band is not recommended. As
therapy guidelines, Fobi proposed: for asymptomatic patients the treatment can be waiting for
spontaneous extrusion of the band and protone pump inhibitors (PPI) or H2-blockers. The
management of choice is endoscopic removal of the band. If endoscopic removal is not
feasible, which is especially the case when materials other than a silastic ring, such as nonabsorbable sutures, were used, the band can be removed by a laparoscopic operation with
intraoperative endoscopy. After laparoscopically performed RYGB, the erosion of nondissolvable materials, such as Peri-Strips or silk sutures into the gastric pouch may occur. The
most common presenting symptoms are abdominal pain, nausea, vomiting, dysphagia, and
melena. The management of choice is therapeutic endoscopy which usually allows adequate
management of most upper GI symptoms. Yu et al. show that the use of Vicryl sutures and
Seamguard avoids foreign material erosion. In summary, the introduction of the silastic ring
has reduced band-related complications. General bypass complications are comparable with
those of the banded bypass. There are no ring-related lethal complications.

Ring Implantation Manual
All silicone rings can be introduced laparoscopicaly. The GaBP®Ring (Bariatric
Solutions GmbH) (a pre-manufactured set with a prosthetic auto-locking band and a
radiopaque marker made of implant-grade silicone rubber) seems to be the most useful and
the smallest implant. It is placed around the pouch loosely about 2. 0 to 2. 5 cm from the end
point of the pouch and 4 cm from the His angle. The preparation of the small curvature could
be done with Maryland or scorpion forceps close to the stomach wall. Each silicone band
develops a pseudocapsule that leads to less adhesion and is much easier to remove than other
materials. The ring size ought to be 6. 0 to 6. 5 cm in circumference, which has a much better
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outcome in terms of quality of eating and ring migration. The pouch size is usually estimated
at 10 to 25 ml. The ring is always fixed with non- resorbable sutures.

Mechanism of Action
Besides its restrictive role, it contributes to the reduction of undesirable side-effects, like
dumping syndrome and foul flatulence. The banded bypass causes satiety and reduces caloric
intake by delaying gastric emptying and inducing the satiation sensation even with low food
intake. The silicone ring controls the diameter and area of the gastroenterostomy.

Redo Surgery with the Ring
The Redo-surgery made by Fobi on VBG patients with preservation of the band or the
ring as a restriction lead to the development of the banded gastric bypass technique. If an
insufficient loss of weight or even a regain of weight occurs and in case of insufficient
restriction, a re-operation might be necessary. The precise diameter and anastomosis area
estimation allows the surgeon to choose the better redo surgery strategy and to select the best
operative option for his patients. It is proven that GE anastomosis dilatation is responsible for
gaining weight. If the patient is able to tolerate the restriction amplification, there are still
several surgical options. (Figure 3, 4). Endoscopic suturing with f. i. Stomafix or Anubis
(STORZ GmbH) to tighten dilated gastric pouch is technically feasible and safe and may lead
to weight loss for certain patients. Another logical therapy option is implantation of the GaBP
Ring as a redo procedure which converts the conventional to the banded bypass. An
analogous procedure with additional LA Gastric Banding to the Roux-en-Y GB was also
proposed Bessler et al. . We therefore advise using rings of at least 6. 5 cm length and 7. 0 cm
in Redo operations. The easy conversion between those two operations and better weight
reduction results will probably influence the number of banded bypass procedures.

Figure 3. CT-Scan of abdominal cavity after LBRYGB with GE anastomosis stenosis after LBRYGB,
the ring did not influence stenosis.

Complimentary Contributor Copy

To Have or Not to Have the Ring Banded Roux-en-Y Gastric Bypass...

55

Figure 4. 3D volume rendering reconstruction of abdominal MSCT showing a dilatation of the stomach
pouch (51cm3) and GE anastomosis (Diameter 3. 4cm, area 10. 1cm2). Manual and semi-automatic
segmentation techniques are applied to show the pouch (green), the Roux-limb (orange), and the staple
sutures (red).

Weight Loss Differences
The influence of the silastic ring on the percentage of excess weight loss within the first
year was significant: between 81. 3 and 73. 5. EWL. After two years, the percentage ranged
around 80%, and at 5 years follow-up a EWL of about 75% could be found. Only a slight
weight regain of 2. 5% or 5% is observed between the second and fifth postoperative year,
whereas a weight regain by LCRYGB of over 10% in the same period is reported. The EWL
after conventional GB reached 58. 2% after five years in the best series. Bessler performed
the first prospective study that directly compared the two operation methods. After the
second or third postoperative year, the patient seems to adapt to the surgery and to suffer from
its side-effects in lower intensity, which brings a tendency for some recovery of lost weight.
But weight gain is very slight compared to the conventional gastric bypass.
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Abstract
There is a variety of complications that could arise following any of the bariatric
surgical procedures that necessitate a more careful understanding of the specific anatomy
of the operation performed (Table 1). According to the type of procedure performed,
postoperative complications after surgical treatment of morbid obesity can be divided in
immediate and in delayed.

Immediate Complications
Pulmonary embolism, anastomotic leak and bleeding are the most common immediate
complications that are generally treated with by the operating team. Laboratory values and
clinical data, such as an increased C-reactive protein and the tachycardia level, could be most
of the times the only objective signs.
According to Assessment of Bariatric Surgery study, 4. 3% is the incidence of major
adverse events in early postoperative period. [1] Even though these encouraging reports,
bariatric surgery is associated with a number of complications that can be characterized as
potentially fatal. Shock secondary to hemorrhage, sepsis from an anastomotic dehiscence and
cardiopulmonary complications in high-risk comorbid population are some of the most
serious consequences. According to national studies, 0. 34% is the estimated incidence of
death following bariatric surgery, due to increased risk for thromboembolic events. [2,3]
Therefore mechanical as well as pharmacological measures for deep vein thrombosis are
normally practiced with the intention to reduce this specific risk. [4, 5]
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Table 1. Main postoperative complications after bariatric surgery
Mechanism of action
Restrictive

Largely Restrictive/Mildly
Malabsorptive

Mildly Restrictive/ Largely
Malabsorptive

Type of operation
Vertical banded
gastroplasty
Adjustable gastric
banding
Roux-en-Y gastric
bypass

Biliopancreatic
diversion
Duodenal switch

Type of postoperative complications
-band slippage
-erosion of the band
-port access site problems
-incisional hernias
-vomiting
-bowel obstruction
-gastrointestinal hemorrhage
-malabsorption
-incisional hernias
-bowel obstruction
-malabsorption

Moreover one of the most grave complication in the surgical treatment of morbid obesity
is gastrointestinal leak, which the procedure performed, could be ranging from 1%, for gastric
banding, to 2%, for gastric bypass and sleeve gastrectomy. [6-8] Anastomotic sites and staple
lines can be in the majority of times the origin of leaks while iatrogenic bowel injuries are
less frequently responsible. [5] Conservative management is the indication only for leaks that
can be controlled by a surgical drain, in a hemodynamically stable patients, while in contrary
situations, a more aggressive approach that include surgical exploration should be indicated.
Furthermore, in 1–4% of bariatric surgeries could be complicated by episodes of early
bleeding, taking into consideration both intraluminal and intraperitoneal events. [5] Volume
resuscitation, transfusion of blood products and close clinical observation could be in the
majority of the cases essential for early recognition of hemodynamic instability that imposes
urgent surgical intervention. [9-11]

Late Complications
Late Complications after Restrictive Procedures
Laparoscopic adjustable gastric banding (LAGB) is one of the most popular bariatric
operations probably due to the fact that it is a relatively simple procedure with extremely low
rates of early morbidity and mortality (30-day) compared with other procedures such as
Roux-en-Y gastric bypass (RYGB). [12, 13] Nevertheless, the rate of reoperation as well as
the incidence of late complications could reach 10–20 per cent. Additionally, band slippage
and erosion are the two major complications of LAGB. Up to 15–20 per cent of patients could
occur the band slippage, which is more often takes place distally. [14, 15] Patients’ history
reveals frequently acid reflux, regurgitation or sense of dysphagia as well as an obstructive
symptomatology with the presence of upper abdominal pain, occurring some time after the
procedure.
In addition, a distal migration or abnormal orientation of the band can be evident in a
plain abdominal X-ray and more particularly on oblique views. Furthermore, in contrast study
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of the upper gastrointestinal, is more likely to show evidence of malposition of the band as
well as a dilatation in the proximal pouch combined with obstruction. Generally, a wellpositioned gastric band rests below the gastro-oesophageal junction with an inclination of
about 45° according to the spine. [16]
Slipped band could presented in a relative horizontal position, a dilatation of gastric
pouch proximal to band, combined with little contrast passing through it. These radiological
findings pose the differential diagnosis between band slippage and the less severe problem of
pouch dilatation, condition with which patients often tend to present less acutely with ,
decreased satiety, acid reflux symptoms and occasionally pain located at the left upper
quadrant but no obstructive symptoms.
The first step in the management of band slippage is the without delay deflation. It can be
achieved by locating the port with two fingers while at the same time advancing a non-coring
(Huber needle) or else a spinal needle until it hits the steel plate at the back of the port. [12]
The needle is immediately withdrawn, when fluid is withdrawn and the band is completely
deflated. This procedure can also be conducted under ultrasound guidance or fluoroscopy. If
the success of this procedure has as result the symptomatic relief, it is reasonable to do
nothing proposing a review by a bariatric surgeon.
On the other hand, if this procedure is unsuccessful, the most appropriate is to consider
also the possibility of the rare but serious complication of gastric necrosis which requires
urgent exploratory laparoscopy or laparotomy. [17] The band should be removed completely,
if there is absence of an experienced surgeon. The procedure requires cautiously the division
of the fibrotic scars over the band, eviting gastric or esophageal tissue injury. An alternative
but also technically challenging procedure is to unbuckle the band and leave it at the site for
later adjustment by a bariatric surgeon. [12, 18, 19]
The erosion of gastric band takes place in up to 4 per cent of patients with LAGB and is
presented usually as a late complication caused by ischemia due to pressure on the gastric
wall. [20, 21] Patients with band erosion may be asymptomatic or with non-specific
abdominal pain, weight loss gastrointestinal bleeding as well as abdominal sepsis.
Gastrointestinal endoscopy shows partial- or full-thickness erosion, and barium swallow may
evidentiate the flow of contrast around the part of the band that has eroded into the stomach.
[22]
Contrast-enhanced computed tomography (CT) should be requested, if clinical symptoms
suggest an intra-abdominal abscess. Endoscopic band removal is the treatment of choice for
gastric band erosion. Though, when there is extensive erosion and necrosis of the stomach
wall, laparoscopic or laparotomic removal of the affected stomach should be reconsidered.
[23]
A rare (less than 0·5 per cent) but also well reported late complication after LAGB is
considered megaoesophagus. [24] Progressive dysphagia, regurgitation and often retrosternal
chest pain are some of the symptoms that patients typically mention. The diagnosis is made
by means of endoscopy or an upper gastrointestinal contrast study. When the
megaoesophagus is often caused by proximal migration of the gastric band thus mimicking
achalasia, necessitates the removal of the band in most cases.
Other late complications after vertical sleeve gastrectomy (VSG) include gastrocutaneous
fistula and tube stricture (<1 per cent). [25] The management of these types of complications
requires specialist bariatric surgery and probably may include stent insertion and conversion
to RYGB.
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Hepatobiliary Complications
The formation of cholesterol gallstones can be the consequence of rapid weight loss. 13
to 36 per cent of patients develop gallstones within a period of 6 months after the surgical
operation. [26, 27] In general, cholecystectomy is performed only if the patient is
symptomatic. [28, 29] In patients who have previously undergone a bypass procedure,
intraoperative cholangiography is advisable, as a result of the difficulty in reaching the biliary
tract by endoscopic retrograde cholangiopancreatography (ERCP). New endoscopic
techniques such as the transgastric approach and double balloon enteroscopy can be applied
in order to access the biliary tree in occasions where the performance of standard ERCP is
technically difficult (such as after previous RYGB). [30] The removal of common bile duct
(CBD) stones can be achieved, in the absence of experience on the novel techniques, by using
either the transcystic approach or by formal CBD exploration during surgery. [30, 31]

Intestinal Obstruction
Husain et al. referred that the incidence of bowel obstruction was found to be 4·4 per
cent, with a mean period of presentation of 313 days after RYGB. 32 Increased risk of
intestinal obstruction is correlated the surgical approach, which will affect the degree of
adhesions as well as the position of the Roux limb, in close association with the limb position,
retrocolic or antecolic. [32] The most frequent causes of bowel obstruction consist in internal
hernias (53 per cent), Roux limb compression due to scarring (20 per cent) and adhesions (14
per cent). [33] Stricture at the gastrojejunal anastomosis, incisional hernia, intestinal
intussusception and kinking of the alimentary limbcan also considered possible causes of
obstruction. The clinical symptoms of these patients are central colicky abdominal pain (82
per cent), nausea and vomiting (46–48 per cent), abdominal distension and absolute
constipation. [32] It is crucial to enquire about the volume and character of the emesis in
patients with RYGB as this may provide a clue about the site of the obstruction. Furthermore,
the type of the vomit will differ in relation to the site of obstruction. Copious amounts of
bilious vomiting are indications of obstruction at the common channel (CC) distal to the
jejunojejunal anastomosis. Dilatation of the CC proximal to the obstruction, of the
biliopancreatic limb, the gastric remnant and the Roux limb are signs that can be evident with
CT. Smaller quantity of non-bilious vomit is suggestive of obstruction at the Roux limb or
above the jejunojejunal anastomosis. CT, at this type of obstruction, will make evident a
dilated Roux limb and a collapsed CC and biliopancreatic limb. Absence or little amount of
vomit, combined with abdominal distension are generally signs of obstruction at
biliopancreatic limb. In addiction, symptoms include postprandial left upper abdominal
quadrant pain. Dilatation of the biliopancreatic limb and at the remnant of the stomach,
combined with normal CC and Roux limb caliber can also be evident with CT. Patients with a
RYGB can present a number of mesenteric defects through which even a small bowel loop is
in position to pass and provoke obstruction or in the worst case strangulation. Paroz et al.
showed that the most frequent sites for internal herniation are localized at the mesojejunal
mesenteric window (56 per cent), the Peterson’s window (27 per cent) and the mesocolic
window (17 per cent). [33] The incidence of symptomatic internal herniation variates from
1·6 to 4·1 per cent. [33,34] Failure to close the mesenteric defects, the closure technique in
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combination with the type of suture used, and the variations of these defects as patients lose
weight are some of the factors that can assist to the development of internal hernias. [12]
Almost one-third of all patients can present with symptoms and signs of acute intestinal
obstruction. [33] The onset of symptoms is generally insidious and presents with intermittent
abdominal discomfort, mainly after eating. [34, 35]
Even if laparotomy is often indicated for the diagnosis, laparoscopy is the first option
from the invasive techniques. [34, 35] Moreover, it is important for the surgeon to identify all
limbs and great attention should be given to mesenteric defects as these should be closed with
non-absorbable sutures. The presence of ulceration at the gastrojejunal anastomosis, which
may contribute to the formation of anastomotic strictures in 27 per cent of patients, can often
be revealed by endoscopy. [36, 37]
Endoscopic balloon dilatations up to 12–15 mm can resolve gastrojejunal strictures, even
if there is a risk of perforation (2·1 per cent). [38] 8–10 per cent of patients may present
incisional hernias following open bariatric operations. [39] The utilization of laparoscopic
surgical approach can low the incidence of port-site incisional hernias, estimated to be up to
0·5 per cent. [40]
Most of the times, in obese patients, port-site hernias can be difficult to detect clinically
and ultrasonography could be useful as diagnostic method. Intestinal intussusception, a rare
cause of abdominal pain, after open or laparoscopic RYGB, is most often located at the CC of
the gastrojejunal anastomosis, due either to alterated motility or the staple line of the
anastomosis which acte as a lead point. The utilization of contrast-enhanced CT with is
extremely valuable in establishing of diagnosis while the surgical management includes the
reduction of the affected limb and resection if there is any evidence of intestinal ischaemia.

Gastrointestinal Bleeding
Gastrointestinal bleeding after RYGB is uncommon outside the postoperative period and
generally takes origin by marginal or stomal ulceration. [41] The adequate resuscitation, the
assessment of the severity of the bleeding and the close monitoring should be the first steps in
managing these patients. [42] Patients with RYGB may be chronically anaemic and thus it is
perfectly reasonable to accept lower haemoglobin levels and to withhold blood transfusion
and emergency endoscopy, provided the patient is haemodynamically stable. [43]
Endoscopy should constantly be performed immediately in patients with severe bleeding.
[44] In cases where the source of the bleeding cannot be identified, the endoscopist should
carefully examine the Roux limb, biliopancreatic limb, jejunojejunal anastomosis as well as
the gastric remnant.
The endoscopist can The utilization of a push enteroscope or paediatric colonoscope is
useful way in order to realize this. [45] An innovative technique such as double-balloon
enteroscopy is in position to facilitate the access to the biliopancreatic limb and gastric
remnant while permits therapeutic interventions. [46, 47] In cases of endoscopical failure to
control bleeding, radiological embolization of the bleeding vessel can be an indication for
surgical intervention. [12] Last but not least, if haemostasis cannot be achieved, procedures
such as excision and reconstruction of the jejunojejunal or gastrojejunal anastomoses,
excision of bleeding gastric ulcer or even resection of the gastric remnant may be considered
as alternative options.
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Functional Complications
Even though the patients who submit to bariatric surgery experience improvement in
functional gastrointestinal disorders, some possibly will develop exacerbations of symptoms.
[48] The basic understanding of the origin of these symptoms by the emergency surgeon is
critical. 49 per cent of bariatric patients before surgery are affected by eating disorders, such
as binge-eating. [49, 50] The first element to the diagnosis is an increase in the patient’s
weight. Malabsorption can cause diarrhoea, bile salts or dumping syndrome. [51] Dumping
syndrome habitually manifests itself as facial flushing and postprandial diarrhoea after the
consumption of carbohydrate-rich meals. [52] Moreover, these symptoms tend to improve
with time and less than 5 to10 per cent of patients continue to have chronic problems. Other
causes of diarrhoea may possibly be irritable bowel syndrome or food intolerance or bacterial
overgrowth. In these situations, the treatment of diarrhoea normally includes reduction the
amount of carbohydrate consumed, avoiding foods that usually cause intolerance, while the
use of probiotics and antibiotics is indicated where bacterial overgrowth is suspected. Many
studies report an improvement in patients’ reflux symptoms after bariatric surgery. [53, 54]
The explanation of this fact is based on the distal diversion of bile, the reduction at the
volume of parietal cells in the gastric pouch and weight loss. [55] However, some patients
may present with new or exacerbation of the reflux symptoms. [56] In cases where the initial
investigations are normal, other clinical hypotheses that should be considered are
gastroparesis and oesophageal dysmotility. [57]

Nutritional Complications
Every surgical operation that alters in drastic way the anatomic pathways of nutrient
intake may inevitably affect the intake of specific nutrients. Gastric restrictive procedures can
induce nutrient deficiencies as a result of inadequate intake as a consequence of frequent
vomiting and not due to malabsorption. Consequently, the reduction of the numerous
episodes of vomit as well as the replacement of vitamin and mineral requirements are in
position to prevent micronutrient deficiencies in these patients. [5, 58] Significantly, greater
risk for micronutrient deficiency is present in malabsorptive procedures, in which the not
proper micronutrient absorption may occur. In the digestion as well as the absorption of
vitamin B12, iron, and calcium, it is important the anatomic integrity of stomach, duodenum,
and of the proximal jejunum. In patients who have undergone gastric bypass, the deficiency
of vitamin B12 has not presented as a long-term clinical issue. The postoperative
recommendation to vitamin B12 supplement, the persistence of intrinsic factor, as the body of
the stomach is usually preserved, and the presence of a functioning terminal ileum where
vitamin B12 is absorbed, is probably the main reasons for the absence of B12 deficit in
gastric bypass. Likewise, the lack of reports on an increased incidence of pathologic fractures
demonstrates that the homeostasis of calcium, following this procedure, is preserved. [59]
Moreover, the relative young age of patients who have undergone gastric bypass, increased
estrogen production present at these patients, the stimulation of enhanced bone mass due to
obesity and the usual recommendation to calcium and vitamin D supplementation may
represent factors that also prevent pathologic fractures. On the other hand, procedures, such as
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the biliopancreatic diversion with duodenal switch (BPD/DS), which provoke a greater degree
of malabsorption may possibly cause long-term demineralization of bones. Studies that report
an increased concentration of parathormone in circulation, despite of a careful replacement
protocol of calcium following BPD/DS, seems that at least in short term, serious bone
pathology is avoided. [60, 61]
In the early months following bariatric surgery may be presented a reduced dietary
protein intake. [5] Deficient of protein intake is considered more complicated to prevent than
are micronutrients as its replacement necessitates ingestion of actual protein in order to reach
nutritional equilibrium, while the consumption following in general the bariatric procedures
can be limited so as protein intake drops below the recommended daily standard of 0. 8 gr/kgr
(according to the ideal body weight). The early finding of deficient protein intake is alopecia,
therefore should be paid attention on the dietary protein intake during the early months
following bariatric operation.
Iron deficiency is considered the most frequent micronutrient deficiency subsequent to
gastric bypass. A degree of iron deficiency may be present preoperatively and may be
exacerbated by factors, such as the operative blood loss, the postoperative gastrointestinal
pathology, the reduced intake of iron and a degree of iron malabsorption as a result of bypass
of the stomach and duodenum, can have a great impact on iron homeostasis. As a
consequence, the supplementation of iron following bariatric surgery as well as the vigorous
monitoring of iron concentration is recommended in order to prevent grave anemia.

Conclusion
The knowledge of normal anatomy and the surgical technique is fundamental for correct
interpretation of imaging studies in patients who have undergone bariatric surgery. [62] The
type, the pathophysiology and the timing of each complication is predictable and there are
precise signs that can assist in their identification. Over the last decade, perioperative
morbidity and mortality of bariatric surgery have decreased significantly that is almost
equivalent with many well-accepted procedures such as cholecystectomy. [63] In effect, the
mortality risk of bariatric surgery is one-tenth that of coronary artery bypass surgery with
considerably greater improvement in long-term mortality. Technical advances in laparoscopic
surgery and the establishment of surgical centers of excellence have contributed at the
improvement in perioperative morbidity and mortality. [64] Consequently, extensive evidence
on safety and efficacy has imposed bariatric surgery as the standard for treatment of morbid
obesity.
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Abstract
Bariatric surgery has a number of systemic metabolic and physiological
consequences which can directly and indirectly affect the hepatobiliary system. The most
common hepatobiliary complication following bariatric surgery is the formation of
gallstones which occurs as a consequence of a number of factors including rapid weight
loss; reduced food intake leading to gallbladder stasis; changes in food preference and
malabsorption. Gallstone formation can potentially be prevented by medical treatment
with post-operative ursodeoxycholic acid or prophylactic cholecystectomy. However,
because only a small number of patients who develop gallstones become symptomatic,
the majority of surgeons currently do not perform laparoscopic cholecystectomy at the
time of bariatric surgery. Laparoscopic cholecystectomy for gallstones can be done in the
normal fashion but management of patients with choledocholithiasis or gallstone
pancreatitis can be challenging. This is particularly true of patients following gastric
bypass and duodenal switch surgery. These patients cannot undergo conventional
endoscopic retrograde cholangiopancreatography (ERCP) and as a result require hybrid
endoscopic techniques such as laparoscopic-assisted trans-gastric ERCP to allow
cannulation of the common bile duct.

Introduction
Although a plethora of bariatric operations have been described and performed, all of
these procedures are designed to restrict dietary intake and/or absorption of food. By
definition, these processes lead to alterations in both weight and nutritional uptake and these
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in turn can have consequences on the functional status of the hepatobiliary system. The
purpose of this chapter is to discuss in detail the hepatobiliary complications associated with
bariatric surgery and the potential strategies to prevent and manage these complications.

Biliary Complications
Gallstone Disease
Of all of the hepatobiliary complications following bariatric surgery, gallstone formation
and its subsequent sequalae are by far the most common and merit detailed discussion. The
details of bile salt formation and cholesterol handling by the body are well described and are
outside the scope of this chapter. In brief, bile acids (chenodeoxycholic acid and cholic acid)
are formed from cholesterol in hepatocytes. The bile acids are then conjugated with glycine or
taurine to form bile salts which results in the conversion of the acids into their ionised forms
thus increasing the hydrophilicity. [1] Bile salts in combination with lecithin then act as
emulsifying agents to allow the cholesterol to form stable vesicles and these vesicles are what
is conventionally referred to as bile. [2] Bile is stored in the gallbladder and secreted into the
intestine where it emulsifies luminal fat and hence aids lipid digestion and absorption.
Following this process the bile salts are reabsorbed predominantly at the terminal ileum and
recycled by means of the hepatic portal system.

Composition of Gallstones
Gallstones may be classified as cholesterol stones, mixed stones or pigmented stones
depending on their predominant component. The formation of cholesterol and mixed
gallstones is a multi-factorial process that has both environmental and genetic components.
The causes of lithogenesis can be categorised as follows:
1. Super-saturation of Cholesterol
This can occur as a consequence of either excess cholesterol or decreased levels of bile
acids. With reference to excess cholesterol, the bile is forced into a state of super-saturation,
as the cholesterol can no longer be incorporated into the vesicles. This causes the formation of
cholesterol-supersaturated agglomerations and the deposition of cholesterol microcrystals.
Over time there is layering on one or two core stones that go on to form compact gallstones.
2. Gallbladder Dysfunction
The contraction of the gall bladder has been shown to agitate and excrete cholesterol
crystals helping to prevent lithogenesis. A large gallbladder volume is associated with poor
motility which in turn results in impaired filling and emptying; potentially resulting in
cholestasis. [3] Ineffective or non-frequent contraction also leads to increase stasis which
provides a perfect lactogenic environment. One naturally occurring cause for the dysfunction
is age. It has been speculated that a decline in receptor sensitivity, primarily those involved in
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motor activity stimulation, i.e. cholecystokinin (CCK) and motile can cause decreased gall
bladder contractility. [4]
3. Enter hepatic Circulation
Bile acids are recycled when they are absorbed in the terminal ileum and returned to the
hepatocytes via the hepatic portal system. Therefore any condition that causes malabsorption
leading to a compromise and potentially decreased bile acid absorption results in dysphonia.
For example patients with active terminal ileal Crohn’s disease have been shown to have a
25% incidence of gallstones. [5]

Bariatric Surgical Patients and Gallstones
As a population group, bariatric patients have a high risk of developing gallstones both
before and after weight-loss surgery. The reasons for the high incidence of gallstones preoperatively may be attributable to:

1. Obesity
Patients with morbid obesity have been shown to have an increased dietary consumption
of cholesterol. [6] Previous studies have demonstrated that morbidly obese patients prior to
bariatric surgery have elevated amounts of super-saturated bile in both the gall bladder and
hepatic duct. [7] This in turn increases the risk of developing gallstones due to the
mechanisms previously described. In addition, the relationship between gallstone formation
and increased body mass index (BMI) is particularly strong in young females and this
demographic makes up the majority of patients undergoing bariatric surgery. One explanation
for the association between young obese females and gallstone formation may lie in their
genetics. For example a number of studies have focused on the role of the beta (3) adrenergic receptor (ADRB 3). This protein is excessively expressed in adipose tissue and
there is an increase in prevalence of polymorphisms of ADRB 3 in both the obese and
patients with gallstones. [8,9]

2. Low Calorie Diets and Weight Fluctuations
Weight cycling and large weight fluctuations (independent of BMI) are risk factors for
lithogenesis in both men and women. [12,13] This is due to several different pathogenic
mechanisms - at times of weight gain, there is an increase in weight and abdominal fat
accumulation resulting in super-saturation of the bile due to the increased calorie intake. [14]
In times of weight loss with very low calorie diets, there is normally a low fat content and
consequently a net reduction in gall bladder stimulated contraction leading to gall bladder
stasis. Therefore with weight cycling involving rapid weight loss and weight gain, the rate of
weight loss causes an increase in the risk of lithogenesis. [12] This is particularly relevant to
bariatric surgical patients as the majority have a history of yo-yo dieting prior to surgery. In
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addition, patients undergoing bariatric surgery typically consumea pre-operative low calorie
liver shrinking diet that may lead to gallbladder stasis. These factors may be responsible for
the high rate of asymptomatic gallstone in pre-operative bariatric patients-26% of all these
patients exhibit evidence of gallbladder disease with either cholelithiasis on preoperative
trans-abdominal ultrasound or a history of cholecystectomy. [15]

Post Bariatric Surgery
In terms of discussing the factors for gallstone formation followingbariatric surgery, it
should be noted at the outset that many patients remain obese following surgery which as
previously discussed is a risk factor for lithogenesis. However bariatric surgery itself has been
identified to carry a five-fold increase in developing symptomatic gallstones, with each form
of bariatric surgery carrying its own risk profile as shown below. [16]
Surgery
Gastric banding
Sleeve gastrectomy
Roux-en-Y bypass

Risk of post-operative symptomatic gallstone disease
7% [10]
4% [13]
7% - 16% [11]

The potential mechanisms underlying these associations are not entirely clear but are
likely to include:
1. Weight Loss
By definition, the purpose of bariatric surgery is to promote weight loss. However as
discussed rapid weight loss is associated with the formation of gallstones. Moreover it has
been shown that increasing rates of weight loss results in an exponential rise in the incidence
of gallstones. [17] Hence any procedure which results in rapid weight loss, such as a duodenal
switch or a gastric bypass are most likely to result in the formation of new gallstones.
2. Food Restriction
A number of bariatric procedures have a restrictive component designed to reduce overall
dietary intake. With respect to purely restrictive procedures, adjustable gastric bands have
been shown to reduce intake which in turn leads to a decrease in gallbladder emptying and a
fall in gallbladder refilling thus encouraging stasis in the gall bladder, both of which increase
the risk of developing gallstones. [18] However, following gastric banding it is still possible
to consume foods with a high fat density, which although detrimental from a weight-loss
perspective, may paradoxically lower risk of developing gallstones by promoting gallbladder
emptying.
3. Food Preferences Changes
It has been suggested that both sleeve gastrectomy and Roux-en-Y bypass lead to
changes in food preferences. Animal models using rats have shown that following sleeve
gastrectomy and gastric bypass, there is a marked decrease in dietary fat intake. This effect
has been attributed to alterations in the rat’s food preferences towards foods with a lower
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calorie intake as well as the restrictive effects of the surgery. This change in food preference
has been replicated in Roux-en-Y bypass patients. Studies have demonstrated that this surgery
has led to both a decrease in the patients’ preoccupation with food and an increased
satisfaction with smaller portion sizes. The net consequence of these changes in food
preferences and overall decreased intake leads to highly lithogenic environment. [19]
4. Malabsorption
As discussed previously bile salts are reabsorbed in the terminal ileum. Hence any
bariatric operations that have a malabsorbative element may alter recycling of bile salts.

A) Gastric Bypass
For patient undergoing the Roux-en-Y bypass, particularly in the super obese patients
who may have a tailored long Roux limb, there is some exclusion of the proximal ileum. This
causes a net reduction in ileal absorption which may impact on the reabsorption of bile salts.
It should however be noted that the majority of the absorption of bile salts occurs in the
terminal as opposed to proximal ileum.

B) Duodenal Switch
This operation involves the exclusion of a significant portion of the terminal ileum and
hence significantly disrupts the enterohepatic circulation, consequently causing bile acid loss
and lithogenesis. [20]

Prevention of Gallstone Disease
Given the preceding discussion, it is clear that bariatric surgical patients have a high
incidence of gallstones. Decreasing the formation of gallstones and its associated
complications following surgery is therefore a clearly an important therapeutic strategy. This
may be achieved by:

Medical Prophylaxis
Ursodeoxycholic acid is a bile acid that facilitates gallstone dissolution by reducing
biliary cholesterol secretion in turn leading to lower bile cholesterol saturation. [21] Moreover
even among those patients on urosedeoxycholic acid who do develop gallstones, this
medication reduced the risk of symptomatic stone disease and hence the requirement for
cholecystectomy. [22] The main shortfall of this medical management is however patient’s
poor compliance. [21] A number of studies have examined the role of this medication
following bariatric surgery:
A) Restrictive Procedures
Miller et al. conducted a single centered, randomized, double-blind placebo controlled
trial on patients who had undergone either a vertical banded gastroplasty or adjustable gastric
banding who were given either a daily dose of 500 mg of ursodeoxycholic acid or placebo for
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6 months. The formation of gallstones in the treatment group was significantly less than with
placebo at both 12 months (3% vs. 22%) and 24 months (8% vs. 30%). In addition the
requirement for cholecystectomy was reduced in the treatment group (4. 7% vs. 12%). [23]
B) Roux-en-Y Gastric Bypass
A multi-centered, double blinded, randomised prospective trial concluded that a daily
dose of 600 mg of ursodeoxycholic acid is an effective prophylaxis treatment option for
gallstone formation following a gastric bypass. The incidence of gallstones was markedly
raised in the placebo group (32%) in comparison to the 600 mg treatment group (2%). A dose
dependent response was seen with 600 mg being most effective in lowering the incidence of
gallstones. [21] A recent meta-analysis including 5 randomised control trials with a total of
512 patients concluded that 8. 8% of the treatment group (on ursodeoxycholic acid)
developed gallstones in comparison to 27. 7% of placebo group. [24]
C) Duodenal Switch
Although there is no high quality prospective data in this group of patients, a
retrospective study of 219 duodenal switch patients looked at those taking 600 mg
ursodeoxycholic acid for 6 months post-operatively noted a very low incidence of postoperative symptomatic gallstones. [25]

Surgical Prophylaxis
The role of prophlyactic cholecystectomy during baraitric surgery is controversial. [26]
Proponents of this procedure argue that given the high risk of developing gallstones following
baraitric surgery and the potential technical difficulties of mobilising the gallbladder due to
adhesions following surgery, the gallbladder should be routinely removed. However others
argue that cholecystectomy is a time consuming and potentially hazardous procedure with
serious complications in up to 3% of cases. [21] Moreover the technical challenge of
performing concomitant cholecystectomy is greater in the era of laparoscopic as opposed to
open surgery as port positions are optimised for the primary bariatric procedure.
The role of prophylactic cholecystectomy for particular bariatric procedures is
summarised below:
A) Gastric Banding
Although prophylactic cholecystectomy is technically feasible in patients undergoing
insertion of a gastric band, there are concerns that inadvertent bile spillage during
cholecystectomy may lead to infection of the implant. In addition, given the relatively low
incidence of symptomatic gallstone disease following banding, most authors do not advocate
prophylactic cholecystectomy. [27]
B) Roux-en-Y Gastric Bypass
As previously discussed, Roux-en-Y gastric bypass is associated with a high rate of postoperative symptomatic gallstone disease, and as such, there have been a number of studies on
the subject of prophylactic cholecystectomy. The largest cohort comparison study on this

Complimentary Contributor Copy

Hepatobiliary Complications of Bariatric Surgery

75

subject involving 274 patients demonstrated that 18. 6% of the patients who did not have a
prophylactic cholecystectomy went on to require a cholecystectomy. Of the 134 patients that
underwent a simultaneous prophylactic cholecystectomy there was no increase in the rate for
conversion to open, operative time, hospital stay or post-operative morbidity. [28]
C) Duodenal Switch
Unlike gastric bypass, there is a smaller evidence base for the use of prophylactic
cholecystectomy in patients undergoing a duodenal switch. Michielson et al. reported that out
of 33 patients who underwent a duodenal switch without prophylactic cholecystectomy, 2
(6%) went on to develop acute cholecystitis. [29] Similarly Ren et al. reported a series of 40
consecutive patients undergoing laparoscopic biliopancreatic diversion without cholecystectomy, of whom only 1 subsequently required cholecystectomy. [30]
On reviewing all of this data, it does appear that a selective approach to prophylactic
cholecystectomy is indicated. For example a strategy of pre-operative ultrasound screening
and prophylactic cholecystectomy in those cases where gallstones are detected has been
shown to lower the probability of gallbladder-related morbidity and the need for future
surgical intervention. [31]

Gallstone Disease in the Emergency Setting
For bariatric patients who do not undergo prophylactic cholecystectomy, a significant
proportion will end up as emergency admissions to hospital with complications related to
gallstones. The majority of these patients will present with either biliary colic or acute
cholecystitis and require acholecystectomy. Although there have been debates in the past as to
the benefits of urgent vs. delayed surgery, a number of groups have demonstrated the
feasibility and desirability of surgery during the patients’ index admission. Although this
principle also applies to patients who have undergone bariatric surgery, these patients do pose
additional challenges. For a start these patients may well be morbidly obese despite their
bariatric surgery. In addition there may be adhesions in the upper abdomen restricting access
to the gallbladder.
As a consequence of this, although there is good evidence to support the concept that
urgent laparoscopic cholecystectomy in bariatric patients is feasible; it should only be
performed by specialist Upper GI surgeons. In cases where the patient is too unwell to
undergo laparoscopy, radiologically-guided percutaneous cholecystostomy may be useful
either as a temporising measure to decompress the gallbladder and control sepsis prior to
medical optimisation and cholecystectomy or in some cases as a definitive treatment.
For patients who do undergo urgent cholecystectomy, we advocate the routine use of
intra-operative cholangiogram, particularly in those patients with a history of jaundice,
deranged liver function test or ultrasound findings of a dilated biliary tree. Stones discovered
at the time of on table cholangiogram may be flushed with normal saline following the
administration of IV glucagon. Should persistant filling defects remain following flushing, a
number of techniques such as trans-cystic insertion of a Fogarty catheter and
sphincterototomy may be used. The gold standard for removal of stones is trans-cystic
exploration of the common bile duct. This should be undertaken using a flexible
choledochoscope and has been shown to have a 70-80% success rate in expert hands.
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Pancreatitis
Bariatric patients with gallstone pancreatitis can pose a particular therapeutic challenge.
Those with mild pancreatitis can be managed with laparoscopic cholecystectomy and on table
cholangiogram during the index admission; and if common bile duct stones are detected intraoperatively they should be dealt with as outlined above. The main issues relate to patients
with severe pancreatitis. A number of randomised controlled trials have demonstrated clinical
benefit from ERCP within 48 hours of the onset of symptoms, particularly if there is
concomitant obstruction of the biliary tree. Although laparoscopic gastric banding and sleeve
gastrectomy should not preclude the performance of ERCP, for patients who have previously
undergone a gastric bypass standard ERCP is not possible. Novel hybrid endoscopic
techniques such as the laparoscopic-assisted trans-gastric insertion of an endoscope through
the defunctioned stomach in order to access the biliary tree have been reported. This hybrid
approach is not however suitable for patients who have undergone duodenal switch and hence
in these patients the only techniques which can be used for instrumenting the biliary tree are
radiologically-guided percutaneous trans-hepatic approach or surgical common bile duct
exploration.

Hepatic Complications Following Bariatric Surgery
Fatty changes in the liver have been well described in the morbidly obese. This
phenomenon mimics the spectrum of alcoholic liver disease and hence has been given the
name non-alcoholic fatty liver disease (NAFLD). This umbrella term encompasses simple
steatosis, non-alcoholic steatohepatitis (characterised by hepatocyte ballooning and
inflammatory changes) and frank cirrhosis. Bariatric surgery has been shown to improve the
histological features of NAFLD through a number of mechanisms including weight loss and
resolution of the metabolic syndrome. [32] However, there have been reports of bariatric
surgery leading to severe hepatic complications. The vast majority of these relate to
jejunoileal bypass procedures. Although a number of varaitions of this operation have been
described, all essentially involved connecting the jejunum with the ileum and forming a long
bypassed small bowel loop. This resulted in massive weight loss but a number of serious
complications including kidney stones, diarrhoea, electrolyte disturbances and vitamin
deficiencies. With respect to the hepatic complications, long term follow-up of these patients
showed hepatic structural abnormalities in 29% of patients and cirrhosis in 7%. [32]
Experimental studies on rats seem to suggest that these hepatic complications were
attributable to the presence of the excluded limb, possibly through changes in the bacterial
flora. In terms of clinical studies, reversal of the bypass was shown to reduce hepatic
inflammation, fibrosis and cirrhosis. Although this operation was abandoned for precisely this
reason, there remains a cohort of unrevised patients who may develop hepatic complications
in the future.
In terms of the common currently performed bariatric procedures, gastric banding, sleeve
gastrectomy and gastric bypass have not been associated with hepatic complications. With
respect to the duodenal switch procedure, there have been some reports of liver failure
following surgery but the incidence is very rare. The few reported cases of this have been
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arrested by total parenteral nutrition and amino acid infusion or reversing the duodenal
switch. Although it is possible that in the future there may be some long-term deleterious
effect of bariatric surgery on liver function, the literature at present seems to suggest that
gastric bypass in particular has a beneficial long-term effect on liver function over and above
that seen due to weight loss.

Conclusion
Bariatric surgery has a number of effects on hepatic function and the biliary system.
Although many of these changes are beneficial, some do have the potential to result in serious
medical and surgical complications. Of these by far the most common is the formation of
gallstones and its subsequent sequelae. Although general surgeons can deal with the majority
of these complications, successful management requires a broad understanding of the
anatomical and physiological changes following surgery and there should be a low threshold
for involving an appropriately experienced bariatric unit.
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Abstract
Intestinal obstruction is a recognised complication of abdominal surgery which
includes bariatric procedures. The symptoms and signs when related to bariatric surgery
can be subtle and knowledge of the type of surgery aids in diagnosis. Details of the
surgery will help in understanding the anatomy and the potential causes of the
obstruction. Internal hernia, adhesions, stricture and kinking of the Roux limb are all
potential causes which produce a characteristic but subtle pattern of presentation.
Technical factors such as surgical approach (laparoscopic versus open) and positioning of
the Roux limb may influence the risk of obstruction. It may be appropriate to seek
specialist advice from the local bariatric unit, however immediate treatment and initial
investigations must not be delayed or risk perforation. This chapter describes the causes,
presentation and treatment of intestinal obstruction in patients who have previously
undergone bariatric surgery.

1. Introduction
The past decade has witnessed an exponential increase in the number of bariatric
operations and as a result an increasing number of patients will present with complications
that may be directly or indirectly related to their original bariatric procedure. Many of these
patients travel long distances to have their surgery in specialized units and may not be local to
a bariatric surgical unit if complications arise. This means that regular follow-up of these
patients may not be possible and the original surgeon may not be immediately contactable. As
such, patients with complications will invariably present to primary care physicians and
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surgeons who may not necessarily be familiar with bariatric surgery or have the knowledge
and experience to deal with potential complications. Therefore, it is imperative that all those
who are involved in the care of these patients should be familiar with the potential
complications that may develop after bariatric surgery.
Small bowel obstruction (SBO) is one such complication which may occur any time after
bariatric surgery and in particular after Roux-en-Y gastric bypass (RYGB). SBO is a major
cause of morbidity and mortality and can be one of the most challenging complications to
deal with. Failure to recognize and treat SBO in a timely fashion can in itself lead to serious
consequences such as short gut syndrome and in some cases, death.
This chapter provides an overview of the causes, clinical presentation, investigations and
treatment of postoperative intestinal obstruction after bariatric procedures with a particular
emphasis on Roux-en-Y gastric bypass (RYGB).

2. Presentation and Investigation –
General Considerations
The importance of obtaining a detailed history in patients with SBO cannot be
overemphasized as specific features within the history may direct the surgeon as to the
underlying cause and the most appropriate investigations. This includes the onset of
symptoms and whether the obstruction is intermittent and incomplete or acute in nature.
Furthermore, ascertaining the details of the actual procedure a patient has undergone will not
only help the surgeon in deciding the most appropriate management but also aid the
radiologist in interpreting any subsequent complex imaging. Such details include whether the
procedure was laparoscopic or open, whether the procedure was restrictive or absorptive and
whether there were any immediate post-operative concerns.

2.1. Presentation
Patients with intestinal obstruction may present at any time after surgery. This is best
illustrated by the findings of a large study in which patients developed SBO from as early as 3
days after surgery to 1215 days [1].
In the acute setting the general features of bowel obstruction after bariatric surgery are no
different to those of other general surgical procedures. The key features include colicky
abdominal pain, vomiting, abdominal distension and absolute constipation. However, it is
important to appreciate that in the bariatric population presentation may be less than typical
with symptoms that are far less specific. For example, a significant proportion of patients with
SBO secondary to internal hernia present with intermittent, undulating symptoms rather than
acute unremitting ones. In addition, symptoms of SBO such as pain and vomiting may be
wrongly attributed to non-surgical conditions that are common in bariatric patients. These
include overeating, side effects of medications, vitamin B1 or zinc deficiency and gallstones
which should all be considered in the assessment of patients presenting with vomiting after
bariatric surgery.
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It is also important to appreciate that obese patients may not develop many of the clinical
signs and symptoms traditionally associated with SBO and a high index of suspicion is
required in order to prevent potentially fatal complications caused by delayed diagnosis. For
example, the clinician should be aware of the fact that signs such as abdominal tenderness and
distention may be difficult to elicit in the morbidly obese patients with SBO. Another pitfall
is the assumption that abdominal pain is a common complaint in bariatric patients and that it
most often results from functional GI disturbances as a direct consequence of the surgery. It is
true that abdominal pain in these patients may be attributed to a long list of non-surgical
causes, but one must always exclude potentially serious and life threatening conditions in
particular intestinal obstruction.
The site or level of the SBO after RYGB can produce specific symptoms which can aid
diagnosis. A full description of the anatomy of RYGB can be found in another chapter of this
book and only the salient features will be discussed here. RYGB involves the formation of
three limbs of small bowel anastomosed in a particular fashion as part of the surgery. These
are the Roux limb, the bilio-pancreatic limb (BP) and the common channel (CC). The Roux
limb is anastomosed to the stomach while the BP limb is anastomosed to the Roux limb and
the common channel continues as the conduit to the terminal ileum.
Patients with obstruction of the common channel distal to the jejuno-jejunal (JJ)
anastomosis present with abdominal pain and, if not obscured by the patient’s habitus,
prominent distention. Except in closed loop obstruction, obstruction at this site causes
copious amounts of bilious vomiting mainly because bile from the BP limb drains into the
common channel proximal to the site of obstruction. In patients in whom obstruction involves
the Roux limb proximal to the JJ anastomosis, vomiting is non-bilious as bile drains into the
non-obstructed common channel distal to the site of obstruction. Vomiting is usually induced
by eating and there may be little or no abdominal distention. Obstruction of the BP limb
causes a specific set of symptoms. The main complaint is that of abdominal pain and nausea
with little or no vomiting. Abdominal distension and absolute constipation are rarely present
which may lead to the diagnosis of intestinal obstruction being fatally missed.

2.2. Investigations
As mentioned previously, patients with SBO after RYGB may not always present with
characteristic history and physical signs of obstruction rendering the clinical diagnosis
difficult. In addition, routine investigations including blood tests and plain radiographs may
not always show any abnormalities in these patients. In one study white blood-cell count
(WBC) was normal in up to three quarters of patients with SBO and up to two-thirds of these
patients had "non-specific" findings on plain radiographs [2]. In these scenarios, radiological
studies including upper gastrointestinal (UGI) contrast studies and computed tomography
(CT) are essential in establishing the diagnosis and guiding treatment. However, the
radiological evaluation of patients with SBO after RYGB may be hampered by certain
technical challenges such as table weight limit, available scanner space and exceeding the
radiological field resulting in artifacts [3].
Generally, CT is considered to be a more accurate diagnostic tool with significantly more
cases of partial SBO being identified compared to UGI contrast studies [4]. However, in
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selected cases UGI contrast studies are useful in evaluating patients with SBO particularly in
the first few months after surgery [5].
Although CT scan are highly accurate in establishing the diagnosis of acute SBO [6], the
radiological findings in patients with incomplete and intermittent SBO are subtle and
therefore can be missed by those not intimately familiar with post gastric bypass anatomy.
The diagnosis of SBO may be missed in up to 20 % of patients even in the hands of
experienced radiologists [7]. This is particularly the case in patients with internal hernias (IH)
in whom the typical radiological features of SBO are not always present at the time of
presentation [8]. For example, a study has shown that although the most common
intraoperative finding in patients with SBO was IH (35% of all causes) it was also the most
frequently missed cause of SBO on preoperative CT scans [9].

3. Causes
3.1. Incidence
The incidence of SBO after bariatric surgery ranges from 0. 5% -15%. In a large study
with a long follow up period, the incidence of SBO was reported to be as low as 1. 27% [10].
Another study reported that up to 15% of patients who were admitted with SBO had previous
bariatric surgery [11]. This wide variation in the reported incidence of SBO after bariatric
surgery may be explained by the different follow up periods reported in published studies. For
example studies with follow up periods of less than 1 year have shown low incidence of SBO
mainly due to the under reporting of IHs which tend to develop months or years after surgery
[12]. In addition, there is evidence that the incidence of SBO is greater in patients who
achieve greater than 50% excess weight loss [13]which is usually achieved after the first year
of the surgery. This is mainly because of the reopening of the mesenteric defects associated
with weight loss which in turn leads to an increase in the risk of internal herniation. These
factors mean that studies with short follow up periods do not represent the true incidence of
SBO after bariatric surgery. Other factors which contribute to this wide variation between
studies include variations in the surgical techniques used and the anatomical alterations that
follow surgery and these will be discussed in a later section [14, 15].

3.2. Causes: General Overview
The most frequently encountered causes of SBO after RYGB are adhesions, internal
hernias, anastomotic strictures and incisional hernias and these will be discussed in some
details. In a cohort of 835 patients the incidence of SBO was 5% and the most common cause
was IH (35%), followed by adhesions (25%), incisional hernias (17%) and JJ stricture (9%)
[9]. In the early post-operative period SBO most frequently results from technical problems
occurring at the time of the original surgery such as anastomotic stricture, whereas late SBO
tends to result from adhesions or internal hernias.
Other less frequent causes of SBO include kinking of the small bowel, volvulus,
intussusception, and food bolus or bezoar. Obstruction in patients who previously had
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laparoscopic adjustable gastric banding (LAGB) and sleeve gastrectomy can also occur and
this will also be discussed.
It is important to emphasize that although the attending surgeon should be familiar with
procedure-specific causes and that the etiology of obstruction in bariatric patients may be
related to previous bariatric surgery, intestinal obstruction may be due to a completely
unrelated pathology. As more bariatric procedures are performed the size of the elderly
population who previously had weight loss surgery will increase. Consequently conditions
that commonly lead to intestinal obstruction in the elderly population must also be
considered. These include colorectal cancer, complicated diverticular disease, colonic
volvulus and pseudo-obstruction. It is therefore important not to get fixated on the previous
bariatric surgery as a cause but be aware of the long-term complication the procedures may
entail. In addition, it is important for the general surgeon to realize that although bariatric and
non-bariatric patients share the same etiologies of SBO there are differences in the frequency
of these causes in each group. In one study abdominal wall and internal hernias accounted for
23% of all causes of SBO in bariatric patients compared to only 8% in the non-bariatric
patients [11].

3.3. Predisposing Factors
As mentioned previously, the risk of SBO after RYGB may be influenced by the surgical
technique used and the changes in anatomy that result after surgery. The most important
factors that have been shown to increase the risk of SBO after RYGB include using the ante
colic route, laparoscopic surgery and failure to close the mesenteric defects [7, 15].
The choice of operative approach (open or laparoscopic) has been shown to influence the
risk of developing small bowel obstruction after RYGB. In fact, the type and frequency of
complications after open Roux-en-Y gastric bypass (GBP) have changed dramatically with
the development of laparoscopic technique.
It is postulated that the introduction of laparoscopy to bariatric surgery has contributed to
the marked increase in the number of bariatric operations performed worldwide [12]. This is
mainly attributed to the well proven advantages of laparoscopic surgery which include shorter
hospital stay, quicker recovery, lower incidence of wound infection, and fewer incisional
hernias. With regards to SBO, factors that may be expected to lower the incidence of this
complication after laparoscopic bariatric procedures include the well demonstrated reduction
in adhesion formation and the decrease in the risk of incisional hernias which are the two
main cases of SBO after open surgery [2, 16].
Despite these advantages several studies have shown that laparoscopic RYGB is
associated with an equal or greater incidence of SBO [14, 16-19]. Some studies have reported
the incidence of SBO after laparoscopic and open surgery to be the same [17]while the
preponderance of the evidence indicates that laparoscopic surgery is associated with a
significantly higher incidence (<15%) [14]. In a study that compared a large cohort of 25,000
patients who underwent open RYGB with patients who underwent laparoscopic surgery the
incidence of SBO was found to be significantly lower in the open group [11]. Another study
demonstrated a large difference between the two approaches with an incidence of 9. 7% in the
laparoscopic group compared to 0% in the open group [20]. Nelson et al. found a 50%
increase in the incidence of SBO in the laparoscopic group with adhesions accounting for half
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of all cases of obstruction in the open group [21]. It is postulated that the increase in the
incidence of SBO after laparoscopic RYGB is related to the reduction in adhesion formation
[20]. This paradox can be explained by the fact that adhesions serve to fix small bowel loops
thereby reducing their mobility and the risk of internal herniation. This explains the
observation that the most common cause of SBO after laparoscopic bariatric surgery in most
published studies is internal hernias [14]. Open surgery, on the other hand, is known to
produce diffuse adhesions which in the case of RYGB may serve to reduce the risk internal
herniation. However, this increases the risk of adhesion obstruction which has been shown to
be the most common cause of intestinal obstruction after open RYGB [22]. The position of
the Roux limb also appears to influence the incidence of small bowel obstruction after
RYGB. Although the placement of the Roux limb in the retrocolic position may be necessary
and technically more feasible in some patients [23] this route seems to be associated with a
higher risk of SBO compared to the antecolic route [13, 24]. This is attributed to fact that the
antecolic route eliminates one of the most common sites for intestinal obstruction, the
mesocolic defect. The mesocolic defect has been sown to be the site of SBO in over 20% of
the cases either due to the development of internal herniation through the mesocolic defect or
external compression as the Roux limb traverses the mesocolic window [25]. Other studies
have identified the use of the retrocolic technique as a risk factor for intestinal obstruction
with 9. 3% of patients developing SBO mainly due to internal hernias compared to only 1.
8% in the antecolic group [26]. It has also been clearly demonstrated that switching the
placement of the Roux limb from the retrocolic route into the antecolic route resulted in a 410 fold decrease in the overall incidence of small bowel obstruction [23, 26-28].

3.4. Cause of SBO after RYGB
Tucker et al. devised a simple classification system for the causes of SBO after RYGB, a
modified form of which is presented in table [3, 29].
Table 1. The ABC classification system of the causes of SBO after RYGB

Roux limb

BP limb

Common channel

Acute
Anastomotic stricture
Internal hernia
Intussusception
Intraluminal blood clot
Mesocolic window stricture
JJ stricture
Intussusception
Intraluminal blood clot
Mesocolic window stricture
Volvulus
Internal hernia
Volvulus
Intraluminal clot

Chronic
Internal hernia
Mesocolic window stricture

Internal Hernia
Anastomotic stricture

Internal hernia
Adhesions
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This classification system, which is referred to as the ABC system, is based on the site of
SBOalimentary limb (A), biliopancreatic limb (B), or common channel (C)), the time of
presentation after surgery (acute if less than 30 days and late or chronic if more than 30 days),
and also according to the etiology of the obstruction.
Internal Hernias
Patients with a RYGB have several mesenteric defects that can potentially allow the
passage of small bowel loops from one abdominal compartment to another (see anatomy
chapter). As mentioned previously, herniation through these mesenteric defects is the most
common cause of SBO after laparoscopic RYGB with an incidence ranging from 1·6 and 4·1
per cent [30, 31]. Gandhi e et al. reported an overall incidence of SBO of 3. 8% after
laparoscopic RYGB with internal hernias accounting for more than half of all causes [12].
Factors that contribute to the development of internal herniation and subsequent SBO include
failure to close the mesenteric defects, closure of these defects with absorbable rather than
non-absorbable suture material, significant weight loss and laparoscopic surgery.
There is accumulating evidence to suggest that closure of the mesenteric defects
significantly reduces the incidence of IHs and SBO after RYGB [8, 22]. In one study the risk
of internal herniation was completely eliminated after the authors changed their practice to
fully closing the mesenteric defects [11]. It has also been shown that patients in whom the
mesenteric windows were routinely closed using non-absorbable sutures had significantly
fewer hernias (1. 3%) compared to those in whom the defects were not closed or closure was
done using absorbable sutures (5. 6%) [22].
As previously mentioned, abdominal adhesions form less commonly after laparoscopic
RYGB and as such small bowel loops move more freely which increases the chances of a
loop becoming trapped in one of the aforementioned mesenteric defects. The incidence of
SBO secondary to IHs is also higher in patients who are most successful in losing weight [1].
This is thought to be due to the suggestion that with weight loss there is “melting of the
mesenteric fat “ which leads to reopening of the mesenteric defects and elongation of the
bowel mesentery which in turn increase the risk of internal herniation [11].
The reported incidence of internal hernias at each of the known mesenteric defects varies
widely and, as previously mentioned, largely depends on the surgical approach (open or
laparoscopic) and whether the antecolic or the retrocolic route was used. The most frequent
site of internal herniation in patients who previously had retrocolic RYGB has been shown to
be the mesocolic defect (65%), followed by mesojejunal defect (22%) and Peterson defect
(8%) [12, 26]. In patients who previously had antecolic RYGB IHs were found to account for
more than half of all causes of SBO and all of these IHs were found to occur at the mesojejunal mesenteric defect [11]. This has been confirmed in two other studies which reported
that the most common location of IHs was the meso-jejunal mesenteric defect (5695%)followed by Petersen's window (5-27%) [8, 31, 32].
Patients with IHs usually present months or years after surgery with a mean time to
presentation of about 20 months [12]. This is in contrast to SBO secondary to other causes
such as anastomotic stricture and intussusception where presentation is more likely to be
earlier [17].
It is estimated that only a quarter to a third of patients with internal hernias present with
the classic features of acute intestinal obstruction. The diagnosis of IHs in these patients is
usually easily established and the radiological features on CT scan which include dilated
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small bowel loops and swirled appearance of the mesenteric fat and blood vessels at the site
of obstruction are obvious [33]. More frequently however patients with internal hernias
present with signs of incomplete bowel obstruction and recurrent vague symptoms rather than
a single acute episode. These patients report symptoms such as intermittent abdominal pain,
bloating and nausea before they present acutely. The symptoms in these patients develop
when a loop of small bowel becomes temporarily trapped in one of the mesenteric defects.
Abdominal pain may occur shortly after eating and is occasionally relieved by vomitingor
lying on the right side, a manoeuvre that possibly allows the dislodgment of the trapped
bowel from the mesenteric defect [12]. Patients may also recall similar episodes in the past
that had spontaneously resolved. It has been shown that the development of acute SBO
secondary to IHs is nearly always preceded by at least one episode of intermittent abdominal
problems which highlights the importance of taking a thorough history from these patients
[12].
Establishing the correct diagnosis of IH is challenging and CT scans are often difficult to
interpret. Features on CT that are common to all types of internal hernias include the presence
of small bowel dilatation, volvulus and the presence of a cluster of small bowel loops [9, 31].
In addition, mesenteric swirl is considered a very helpful CT sign of internal hernia, with high
sensitivity and specificity [33]. Other CT features such as the position of cluster small bowel
loops and a shift in the position of the SMV may give a clue to the type hernia [34].
Most surgeons advocate immediate surgical exploration of the abdomen as the only
reliable means of establishing the correct diagnosis and preventing serious complications [13,
24, 35]. Furthermore, elective laparoscopic exploration in patients who presented with
intermittent abdominal pain following RYGB is likely to reveal the presence of IH in a
significant proportion of these patients. This has been highlighted in a study which
interestingly showed that patients with early symptoms who turned down early elective
intervention later presented with acute SBO and required emergency surgery [12].
Incisional and Port Site Hernias
Morbid obesity is a risk factor for wound dehiscence and the development of incisional
hernia after abdominal surgery. Incisional hernia is one of the most common complications
after open RYGB occurring in up to 26% of patients [36]. In a study which included a large
cohort of over 25000 patients the incidence of incisional hernia after open RYGB was 6. 4%
for the standard midline incision and 0. 3% for the left subcostal incision [15].
Incisional hernias can potentially lead to incarceration and or strangulation of the bowel.
Although surgical repair will be required in most patients it is often advisable to postpone this
until significant weight loss has been achieved as this makes the surgery technically easier
and improves outcome. Of course earlier repair is required if there is significant pain or the
patient develops bowel obstruction.
The development of minimally invasive surgical techniques have dramatically decrease
but not eliminated the risk of abdominal wall hernias as trocar-wound hernias still occur in
laparoscopic weight loss surgery with an incidence of less than 1% [37]. The presence of a
thick pre-peritoneal adipose tissue in obese patients means that trocar defects may still exist
even after fascial closure [38]. This predisposes to the development of Richter hernia in
which part of the circumference of the bowel herniates through the defect. Although this type
of hernia is uncommon it has a high risk of strangulation and the diagnosis may easily be
overlooked. It is therefore mandatory to close all trocar sites particularly if they are 10mm or

Complimentary Contributor Copy

Intestinal Obstruction after Bariatric Surgery

89

larger. However, closure of the fascial layer of trocar wounds may be technically difficult and
alternative techniques including closure under direct vision and the placement of a surgical
plug into the muscle layer have been suggested as means to reduce the incidence of port site
hernias [37].
Anastomotic Stricture
Anastomotic stricture at the gastro-jejunal (GJ) or JJ anastomoses is a recognizable cause
of obstruction in patients undergoing RYGB. The most common site of anastomotic stricture
after RYGB is the GJ anastomosis with a reported incidence of 6-10% [26]. Factors that
increase the likelihood of post-operative anastomotic stricture at the GJ anastomosis include
technical problems at the time of surgery such as poor blood supply and ischemia at the
anastomosis, post-operative anastomotic leak and the use of small diameter anvil [26, 39].
Marginal ulcers around the GJ anastomosis also predisposes to anastomotic strictures. They
occur in up to 15% of patients mainly as a result of tension or poor tissue perfusion at the
anstomotic site, smoking and NSAIDs. A rare but important predisposing factor is the
presence gastro-gastric fistula which leads to the presence of excessive amounts of acid in the
stomach pouch thereby increasing the risk of stomal ulceration and stricture formation.
Patients with anastomotic stricture may present in the first few days after surgery as result
of inflammatory changes and edema or later as a result of ischemia, fibrosis or chronic
ulceration. Patients with GJ anastomotic stricture present with progressive nausea,
regurgitation and reflux. They may have upper abdominal discomfort but sever pain and
abdominal distension are not usually present. A previous history of marginal ulceration or
anastomotic leak at the time of original surgery may give a clue to the diagnosis.
The incidence of obstruction at the JJ anastomosis appears to be higher after laparoscopic
RYGB compared to open surgery [20]. SBO secondary to JJ stricture tends to develop early
in the post-operative period with an incidence of about 1. 2% [39]. In one study of 1400
patients who underwent laparoscopic antecolic RYGB, stricture at the JJ anastomosis was
found to be the most common cause of SBO [4]. One of the predisposing factors to JJ
stricture is misalignment of the bowel edges during stapled closure of the enterotomy. This
leads to narrowing of the lumen of the BP limb which leads to dilatation of the BP limb,
duodenum and the excluded stomach. This problem can be minimized by using suture rather
than stapled closure of the enterotomy [40].
Patients with JJ stricture present in a manner that is indistinguishable from other causes
of SBO with nausea, vomiting and abdominal pain. Anastomotic stricture at the JJ
anastomosis that leads obstruction of the Roux limb produces non-bilious vomiting which
distinguishes it from more distal obstruction. An uncommon but serious complication of
obstruction of the BP limb secondary to stricture at the site of JJ is acute dilatation of the
gastric remnant which if not treated promptly can potentially result in gastric necrosis and
blow out, pancreatitis and biliary sepsis [41].
UGI contrast study and endoscopy are the investigations of choice for diagnosing a
suspected GJ stricture. Fluoroscopy shows narrowing at the GJ anastomosis, distended gastric
pouch, and delayed emptying of the gastric pouch. Endoscopy may reveal an underlying
cause such as marginal ulceration and may also be used for therapeutic balloon dilatation.
Balloon dilatation must be undertaken by an experienced endoscopist as the risk of
perforation can be up to 2% [42, 43]. In the case of JJ stricture the radiological features
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include a dilated Roux limb, narrowing at the site of the anastomosis and possibly retrograde
flow of contrast medium into the BP limb [44].
Treatment of patients with JJ stricture depends on the timing and severity of the
symptoms. The majority of patients can be successfully treated conservatively but those who
are acutely unwell or if conservative treatment fails operative intervention is indicated [39]
Obstruction at the Mesocolic Window
In addition to internal herniation through the mesocolic window SBO in patients with
retrocolic Roux limb can be caused by extrinsic compression of the Roux limb as it traverses
mesocolic window. This is usually caused by the formation of thickened cicatrix which
results from excessive or continuous suturing during closure of the defect or hematoma at this
site [45]. Post-operative inflammatory changes and edema at this site can also cause early
post-operative obstruction but this tends to be transient and self-limiting. In one series 0. 9%
of patients developed SBO at the mesocolic window and, unlike IH, presentation tended to be
early after surgery [46]. The diagnosis is readily established using UGI contrast study or CT
scan. Imaging findings include dilatation of the Roux limb above the constriction point which
can be seen at the level of the mesocolon [44]. Endoscopic dilatation may be helpful but
patients often require division of the constricting fibrotic scar around the Roux limb [45].
Bowel Kink and Twists
SBO can also result from kinking of the small bowel at the JJ anastomosis or a twist of
the Roux limb which leads to narrowing of the bowel lumen and intermittent SBO [20].
Techniques which have been employed to reduce the risk of obstruction from kinking of the
bowel at the JJ anastomosis include suture closure of the enterotomy and placement of the so
called anti-obstruction or anti kink stich [40]. The anti- obstruction stich is placed between
the common channel and the stapled end of the BP limb immediately distal to the JJ
anastomosis limb thereby fixing the position of the staple line and preventing the common
channel from folding. This suture can be continued distally to the root of the mesentery to
close the JJ mesenteric defect.
The diagnosis of SBO caused by a kink or a twist of the small bowel is extremely
difficult to establish or distinguish from true JJ stricture and it is best to avoid these problems
by careful inspection of the JJ anastomosis and the orientation of the bowel limbs at the time
of surgery.
Intussusception
Small bowel intussusception is an uncommon cause of intestinal obstruction after RYGB
[47]. The reported overall incidence of intussusceptions after Roux-en-Y gastric bypass is 0.
1% which is higher after open surgery [48, 49]. Contributing factors include abnormal
motility of the bowel limbs and the presence of lead points at the site of suture or staple lines
[50, 51]. The condition is characterized by retrograde intussusception or internal prolapse of a
segment of small bowel proximally which occurs most commonly at the site of the JJ
anastomosis [52, 53]. The rarity of this condition coupled with the fact that presentation may
be nonspecific makes the diagnosis difficult to establish. It is therefore important to be aware
of this entity and have a high index of suspicion in order to avoid the catastrophic
complication of intestinal necrosis and perforation. A clue to the diagnosis is the presence on
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CT of the classic target sign in which one bowel segment (intussusceptum) is seen to
telescope into the lumen of the receiving bowel segment (intussuscipient) [54]. Early
recognition with the aid of CT scan or immediate laparoscopy may allow the diagnosis to be
made in a timely manner. At surgery the affected segment may be simply reduced but, off
course, bowel resection of the affected segment will be required if there are signs of necrosis
[52].
Intraluminal Obstruction
Intraluminal causes of SBO include bezoars and blood clots. Bezoars are an unusual but
well documented underlying cause of SBO after bariatric surgery. Predisposing factors
include the composition of food, previous gastric surgery and gastric dysmotility [55, 56].
Bezoars can form at any site of the GIT including the gastric pouch and the small bowel [5760]. CT scan findings that suggest the presence of bezoar include an ovoid mass of a mottled
appearance at the site of obstruction [61] Intraluminal clots can cause obstruction at the GJ or
JJ anastomoses and the symptoms are often indistinguishable from anastomotic stricture [50].
Treatment depends on the site of bezoar or blood clot and includes endoscopic or surgical
removal.

3.5. Obstruction after Other Bariatric Procedures
Sleeve gastrectomy and LAGB involve little or no manipulation of the small bowel and
therefore are not expected to expose the patient to the risk of SBO. Although SBO after these
procedures is rare [62] several studies have reported this complication.
Although vomiting after LAGB may be the result of behavioral and eating disorders such
as overeating and bulimia, band slippage and erosion are two causes that should be
considered in this setting. Band slippage occurs when the anterior or anterolateral wall of the
fundus of the stomach prolapses upward underneath the band resulting in an enlarged pouch
above the band and a tight stoma. Patients with this condition often present with vomiting
shortly after meals with pain and discomfort in the epigastrium and left upper quadrant.
Patients with band erosion may present with signs of sepsis and occasionally infection around
the band port which results from infection tracking up the band tube.
In the case of sleeve gastrectomy stenosis or stricture formation along the staple line can
lead to abdominal discomfort and vomiting which are often triggered by eating. This
condition results from the formation of excessively narrow tube at the time of surgery or from
post-operative staple line leak and sepsis. The investigation of choice in patients presenting
with obstructive symptoms after gastric banding and sleeve gastrectomy is endoscopy and
barium contrast study. In the case of band slippage contrast study shows a dilated stomach
pouch above a horizontally lying band with little or no contrast passing through it.
The management of band slippage includes immediate deflation of the band which
relieves symptoms in the majority of the cases. If symptoms do not improve with simple band
deflation immediate intervention becomes mandatory. In the presence of an experienced
surgeon one option would be to re-site the band which can be done laparoscopically.
However, in the presence of significant edema and inflammation or if an experienced surgeon
is not available immediate re-siting of the band is not advisable. Instead, the locking

Complimentary Contributor Copy

92

Khaled Hamdan and Manish Chand

mechanism of the band can be unbuckled and the band is left in situ for later repositioning.
Alternatively, the band can be removed particularly in the presence of band erosion or sepsis.
The management of patients with obstruction after sleeve gastrectomy should be in a
specialist bariatric center. Endoscopic dilatation or stenting may be attempted but some
patients may require re-operative intervention which may include conversion to RYGB.
Complete or partial band erosion is a well-recognized complication of gastric banding.
Occasionally complete internalization and migration of the band can occur and obstruction at
the level of the duodenum or even further distally by the impacted band has been described
[63-65]. The diagnosis may be difficult to establish and the condition can lead to serious and
potentially fatal consequences secondary to bowel wall erosion and perforation [66].
Treatment involves dividing the band tube followed by removal of the band either
endoscopically or via an enterotomy [67].
There has been several reports of intestinal obstruction secondary to bowel constriction
caused by the connection tubing of the gastric band [68-70]. SBO results when a bowel loop
becomes incarcerated between and around the silicon tube and the anterior abdominal wall
[71]. Patients present with signs and symptoms of intestinal obstruction which may be
preceded by pain at the port site as a result of traction on the connection tube by affected
bowel.

4. Management
4.1. General Considerations
As the number of bariatric procedures is increasing worldwide the number of patients
who will be at risk of short and long term complication including SBO will also increase.
This is best highlighted by the findings of a study which showed that over a period of two
years 15% of all patients who were admitted by general surgeons with SBO actually had a
history of bariatric surgery [11]. Therefore, surgeons including those not performing bariatric
surgery, will be treating more patients with bowel obstruction following RYGB in the future.
SBO is arguably one of the most challenging complications to manage after bariatric
surgery. The consequences of SBO in this patient population can be catastrophic and as such
early recognition of this complication and timely operative intervention is of paramount
importance if adverse outcomes are to be minimised. Prompt diagnosis and treatment of SBO
is of paramount importance in order to prevent catastrophic and potentially fatal
complications, such as bowel infarction, peritonitis, short gut syndrome and death. Thus the
general surgeon must have an appreciation of the effect of previous bariatric surgery on the
presentation, evaluation, management and outcomes of common surgical emergencies
encountered in bariatric patients [11].
One of the concerns leveled at the management of patients who have previously
undergone bariatric surgery is the complicated underlying anatomy and that they should be
immediately treated in a specialist unit. Whilst it may be sensible to transfer a patient to a
specialist bariatric unit when stable and in need of specialist treatment, most cases of
intestinal obstruction regardless of the cause should be managed using the same basic
principles. This may also include surgical management which should not be delayed in the
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attempt to seek specialist advice. Once the immediate danger has subsided and the patient is
stable, specialist bariatric advice should be sought. Most patients will be able to be entirely
managed in the local hospital with advice only needed. However, in rare cases it may be
necessary to transfer the patient for complex investigations or treatment to a specialist
bariatric unit.

4.2. Conservative Management
General surgical patients who present with SBO are managed in a manner that largely
depends on the underlying pathology and patient factors [72]. A trial of conservative
management is a widely accepted practice as an initial treatment option in carefully selected
general surgical patients [73]. This involves immediate resuscitation with intravenous fluids
and placement of a naso-gastric tube particularly if the patient is vomiting. Bladder
catheterization will aid in the accurate charting of fluid balance and therefore allows for
appropriate fluid prescription. The patient should remain “nil by mouth” and anti-emetic and
analgesic medication should be prescribed for symptom relief. Whilst these measures are
being carried out, routine investigations including blood tests and radiological imaging may
be ordered. After initial assessment and resuscitation the most important decision to make is
whether an urgent operative intervention is required which is indicated in patients with
suspected bowel ischemia, perforation or systemic illness. This approach has been shown to
be successful in up to three-quarters of patients in whom operative intervention was avoided
[74].
In certain circumstances conservative treatment may have a place in the management of
patients with SBO after RYGB. This is particularly the case in patients who are not acutely
unwell, and those with no radiological evidence of complete obstruction. However, lengthy
periods of conservative management may not be appropriate and the management algorithms
often used in general surgical patients may not be suitable in bariatric patients. In one study
non-operative management of SBO was successful in 72% of general non-bariatric patients
while 62 % of bariatric patients with SBO required surgical intervention [11]. In another
study all patients who presented with SBO after laparoscopic RGBY required surgical
intervention and none were successfully treated with simple NGT decompression and fluid
resuscitation [12]. Most non-bariatric patients with SBO can be successfully decompressed by
the insertion of NGT which is an essential step in treating these patients. However, internal
hernias and obstruction of the BP limb and sometimes the common channel distal the JJ
anastomosis results in closed loop obstruction which cannot be effectively decompressed by
the mere insertion of NGT. If the underlying anatomy is not fully understood and the
possibility of closed loop obstruction is not entertained prolonged and futile attempts at
managing SBO will result in catastrophic and fatal consequences [75, 76].

4.3. Timing of Intervention
Another factor that contributes to the concerns raised about bariatric patients presenting
with possible SBO is the difficulty in establishing the diagnosis particularly when the cause is
related to internal herniation or small incisional and port site hernias that are often difficult to
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clinically detect in obese patients [11]. As mentioned previously, the presentation of patients
with internal hernias is often atypical and symptoms may be insidious and intermittent which
may be mistaken for non-surgical GI disturbances. In addition, even if the diagnosis is
considered, imaging techniques including CT scans frequently fail to demonstrate the
presence of internal hernias in a significant proportion of patients [9, 77].
These considerations have led to the increased acceptance of the notion that bariatric
patients require earlier surgical exploration compared to non-bariatric patients [12, 78]. This
is highlighted in a large study in which the majority of bariatric patients suspected of having
SBO underwent surgical intervention within the first 24 hours of admission while nonbariatric patients underwent intervention at a later stage (> 3 days) [11]. In another study,
elective laparoscopy revealed the presence of IH in all patients presenting with abdominal
pain and that up to one-third of these patients turned out to have small bowel volvulus
emphasizing the importance of early intervention in these patients [10]. It was therefore
concluded that a high index of suspicion, based mainly on the clinical history of recurrent
colicky abdominal pain, and early surgical exploration are the only means to reduce the
number of acute complications [8].
It has been shown that morbidity in patients who present acutely with SBO can be as high
as 30% compared to no morbidity in patients undergoing elective laparoscopic exploration for
suspected IHs [12]. Similarly, lower complication rates have been reported in bariatric
patients who underwent early surgical intervention compared to non-bariatric patients who
were treated conservatively [11]. It was therefore concluded that early surgical intervention in
bariatric patients with SBO may be a safer approach than watchful waiting [11]. The
reduction in in post-operative morbidity is attributed to early intervention, the use of
laparoscopic approach and the reduced need for major bowel resection [11]. An element of
delay in establishing the diagnosis and proceeding with surgical exploration is usually present
in virtually all the patients who subsequently developed complications after surgery for SBO
[12]. In these patients the need for bowel resection, length of ITU stay and mortality are
significantly increased.
SBO may occur within the first few days after surgery or months or years later. Making a
distinction between these different patterns of presentation is useful as the etiologies and the
management options may be different. For example early SBO that results from inflammatory
changes and edema at the site of the anastomoses is usually self-limiting and a period of
conservative treatment may be tried to allow edema to subside. Nelson et al. reported that
conservative treatment is likely to be more successful in patients presenting in the early
postoperative period [21]. The majority of these patients gradually improve in which case
operative intervention will not be required. Early SBO may also be secondary to early internal
hernias or technical problems at the time of surgery such as anastomotic stricture or bowel
kinking. In these patients conservative treatment is unlikely to be successful and operative
intervention is almost always required. Up to 80% of these patients will require surgical
intervention and bowel resection indicating that conservative treatment in the early
postoperative period can be a dangerous policy [79]. Similarly, SBO occurring months or
years after RYGB as a result of adhesions or abdominal wall or internal hernias almost
always requires surgical intervention [79].
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Operative Management
Laparoscopy is considered to be a reasonable and acceptable option for the treatment of
patients with SBO provided an experienced laparoscopist is available [80]. Although
laparoscopy was once considered an absolute contraindication in patients with SBO with
increasing experience it is now developing into a valuable diagnostic and therapeutic tool
particularly in patients with chronic intermittent abdominal pain [81]. The utilization of
laparoscopy in the diagnosis and treatment of patients with SBO has been reported in a
number of studies. Generally, bariatric patients with SBO are more likely to be treated
laparoscopically. This was highlighted in a study that reported that bariatric patients were 5
times more likely to undergo laparoscopic intervention for SBO compared to non-bariatric
patients (3. 3 vs. 0. 7% p>0. 001) [11]. In another study, laparoscopy identified the cause of
SBO in almost all patients (250/253 patients) and over two thirds of these patients (169/253
of patients) were managed totally laparoscopically [82]. Other studies reported that 70-85%
of patients with SBO secondary to internal hernias were successfully managed laparoscopically with a conversion rate of around 10% [12, 20, 32].
The main challenge of using laparoscopy in patients with SBO is establishing pneumoperitoneum safely and the ability to adequately inspect the abdominal cavity in the presence
of multiple dilated loops of bowel. This is not necessarily an issue related to laparoscopy in
the post-bariatric patient but specific to laparoscopy in the presence of acute intestinal
obstruction. If there are any safety concerns, a formal open laparotomy should be performed
without unnecessary delay.
Regardless of the approach, abdominal inspection should be done in a systematic manner
and a sound understanding of the surgical anatomy of bariatric procedure is essential for the
correct identification of the source of the problem. The three limbs of the RYGB must be
accurately identified. An approach to this is to start at the terminal ileum and proximally to
the JJ anastomosis, the Roux and BP limbs and the GJ anastomosis and ligament of Trietz.
One must be careful when handling the bowel whether this is with laparoscopic instruments
or manually as the distended loops of bowel may become vulnerable to trauma. If the cause
can be readily identified then this must be treated. All sites of mesenteric defects must be
carefully inspected and the presence of herniating bowel loops should be considered. If the
mesenteric defects are found to be enlarged they should be closed with non-absorbable suture
even in the absence of internal herniation.
If on surgical exploration the obstructed bowel is found to be viable the surgeon must aim
to deal with the causes of the obstruction which may involve division of adhesions or
reduction of the herniated bowel and closure of the mesenteric defect. Management is more
complicated in cases where the affected bowel is found be irreversibly ischemic with no signs
of viability. In this situation a great deal of judgment and experience will be required as the
anatomy can be confusing and the patient is often very sick.
If a significant proportion of the alimentary limb is to be resected intestinal continuity is
obviously interrupted and oral intake postoperatively is not possible. In this situation it is
advisable not to attempt any form of immediate reconstruction. Instead the affected segment
is resected and either a feeding gastrostomy through the gastric remnant or a feeding
jejunostomy distal to the ligament of Trietz should be inserted and a wide bore NGT is
inserted to decompress the gastric pouch. Definitive reconstruction, which in this situation
requires specialist input, can be attempted at a later stage when the patient’s general condition
and nutritional state improve. An alternative would be to attempt immediate restoration of
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intestinal continuity by creating an anastomosis between the gastric pouch and the gastric
remnant. Although this is an attractive option it is technically challenging and in the acute
situation there is a significant risk of anastomotic leakage.
If the alimentary limb is affected and a portion of it has to be resected several options are
available depending on the length of the remaining bowel. If primary anastomosis is
considered to be unsafe an end ileostomy should be created. Reversal or reconstruction can be
attempted at a later stage. If, however, a significant portion of the common channel has to be
resected the patient may be left a short common channel which predisposes to short gut
syndrome. In this case a feeding gastrostomy or jejunostomy should be inserted to provide the
patient with adequate nutrition post operatively. Again reconstruction can be attempted at a
later stage. One has to remember that it is the surgeon’s responsibility to perform the kind of
surgery that will save the patient’s life and temporize the situation until the patient recovers
from the acute episode.
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Abstract
Obese patients do not appear to have a greater risk of perioperative death. However,
the risk of postoperative infection clearly is higher, in particular, their risk of SSI, as
shown in multiple studies of diverse populations of patients. As obesity is more often
considered a serious medical condition, studies with similar conclusions likely will
proliferate. Stratification of infection risk for obese surgical patients with different and
specific tools (e. g., scores for obese patients) may be necessary. From the existing data,
it is clear that there are at least four strategies that should be considered in order to
decrease the risk of SSI when operating on obese patients. First, tight perioperative
glucose control is key to minimizing episodes of hyperglycemia that are associated with a
higher rate of SSI. Second, optimizing tissue oxygen tension through increased
perioperative FIO2 and appropriate resuscitation improves the perfusion of tissues and
oxygen radical-mediated defense mechanisms against infection. Third, larger doses of
prophylactic antibiotics maximize serum and tissue concentrations, providing a real (and
expected) decrease in SSI. Fourth, performing laparoscopic operations whenever feasible
certainly decreases the area at risk and has a demonstrated ability to reduce SSI.
Infectobesity is a relatively novel, yet extremely significant concept. Obesity
management strategies mainly target behavioural components of the disorder, but are
only marginally effective. If infections contribute to human obesity, then entirely
different prevention and treatment strategies and public health policies could be needed to
address this subtype of the disorder. While inflammation is a shared and key
characteristic of both chronic inflammatory diseases and infections, infectious diseases
have long been associated directly with obesity [i. e., Canine distemper virus (CDV),
Rous-associated virus-7 (RAV-7), Borna disease virus (BDV), Scrapie agent and
adenoviruses SMAM-1 and 36] as well as the consequences of obesity such as metabolic
syndrome, diabetes and atherosclerosis [i. e. Helicobacter pylori (H. pylori), Chlamydia
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pneumoniae (C. pneumoniae), Porphyromonas gingivalis (P. gingivalis), hepatitis B
virus (HBV), hepatitis C virus (HCV) and human immunodeficiency virus (HIV)].
Obesity and exposure to infectious agents overlap in large population segments and
therefore may mutually influence each other.

Introduction
In recent years it has been developed a new surgical assay in order to treat morbid
obesity. Novel surgical techniques have been applied to reduce the size of the gastrointestinal
tract and consequently to reduce the absorbing area for the food intake. Various infectious
diseases have been associated with bariatric surgery both as part of the surgical site infection
and as causal agents.
The increasing use of bariatric procedures in the treatment of morbidly obese patients
means that aesthetic plastic surgeons can expect to care for more and more patients who have
undergone bariatric surgery. It is important for surgeons to understand the procedures,
outcomes, and possible complications to recognize the signs and symptoms of any potential
problems. Candidates for bariatric surgery must have a body mass index (BMI) of at least 40
kg/m2 or a BMI of 35 kg/m2 with at least one comorbidity, plus demonstrated failure of
nonsurgical means of weight control to control weight and no significant psychiatric
disorders. Surgical procedures can be categorized as restrictive or malabsorptive and include
adjustable gastric band, Roux-en-Y gastric bypass, and biliopancreatic diversion with or
without duodenal switch. There are no definitive criteria for choosing any single procedure,
although in general restrictive procedures may be more appropriate for those patients with
lower BMIs and malabsorptive procedures for those with higher BMIs. Results of bariatric
surgery are impressive and include not only significant and sustained weight loss but also
improvement or resolution of major comorbid conditions. Significant complications include
anastomotic leak, marginal ulceration, and internal herniation, as well as wound infection,
incisional hernia, hemorrhage, deep venous thrombosis, and pulmonary embolus.
Innovative procedures now under study include gastrointestinal neuromodulation, sleeve
gastrectomy, intragastric balloons, intraluminal sleeves, and other endoscopic procedures [1].

Mechanisms that Predispose Obese
Patients to Infection
Obesity increases morbidity and mortality through its multiple effects on nearly every
human system. Obesity has a clear but not yet precisely defined effect on the immune
response through a variety of immune mediators, which leads to susceptibility to infections.
Data on the incidence and outcome of specific infections, especially community-acquired
infections, in obese people are limited.
The available data suggest that obese people are more likely than people of normal
weight to develop infections of various types including postoperative infections and other
nosocomial infections, as well to develop serious complications of common infection [49].
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Possible mechanisms have been suggested in the recent bibliography and molecul interactions
seem to play crucial role in pathogenesis.
The hormonal connection between immunity and nutrition becomes equally evident in
nutritional dysregulatory eating disorders such as obesity, which is becoming alarmingly
common in high income countries and is also spreading to transitional societies at an
unexpectedly high speed. Obesity in humans is correlated with high concentrations of leptin,
often associated with leptin resistance. Patients with obesity present with increased tumor
necrosis factor (TNF) α production, altered T cell subset ratios, repressed T cell responses,
and higher incidence of infectious diseases, all of which can be reversed by weight loss. Dietinduced or inherite obesity in rodents causes natural killer (NK) and T cell suppression and
increased TNF-α secretion. Leptin-induced production of proinflammatory cytokines by
macrophages causes neutrophil activation and T-helper (TH) 1-derived interferon (IFN) γ
secretion.
The obese phenotype in leptin-deficient ob/ob mice is also associated with diminished
circulating T cells, reduced T cell responses, and lymphoid atrophy. Although seemingly in a
committed stage, macrophages from ob/ob mice have reduced phagocytic activity.
Furthermore, the natural ligand of the secretagogue receptor of the pituitary gland, ghrelin,
which regulates fat storage and consumption, is directly linked to immune functions by its
counteraction of leptin-induced activation of monocytes and T cells [76]. Recently, the
cytokine interleukin (IL) 18, which usually drives TH1 responses in synergy with IL-12, has
been linked to obesity. IL-18 knockout mice became obese through overeating and resistant to
insulin through increased gluconeogenesis in the liver. Consequently, intracerebrally
administered IL-18 inhibited food intake. Another study demonstrated that a differential gut
flora with distinct metabolic requirements was found in obese versus lean humans as well as
mice. Even more intriguingly, when transferred to germ-free mice, the “obese” but not the
“lean” gut flora caused an increase of total body fat. These reports add two more components
to the already complex relationship of nutrition, inflammation, immunity, and infection:
cytokine patterns and gut flora compositions.

Figure 1. Stress-impaired wound healing is mediated primarily through the hypothalamic-pituitary-adrenal,
sympathetic-adrenal medullary axes, and psychological-response-induced unhealthy behaviors (adapted from
Guo et al.,2010).

Thus, regulation of food uptake and storage is closely intermingled with immune
functions. However, a higher nutrient uptake may also be beneficial for the host response,
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likely due to higher energy requirements, as illustrated by a recent study showing that a
cholesterol-rich diet accelerates clearance of bacilli during the treatment of tuberculosis.
Diabetes mellitus is a hormonally regulated metabolic disease which affects immunity to
infection. Neutrophils and macrophages from patients with diabetes have suppressed
functions, including phagocytosis, chemotaxis, and extravasation. T cell activation is also
affected, as evidenced by reduced delayed-type hypersensitivity reactions. Patients with
diabetes are more prone to diseases caused by Staphylococcus aureus and Mycobacterium
tuberculosis, and show higher mortality and morbidity from infections with Streptococcus.
pneumoniae and influenza virus.
In patients with diabetes, diseases due to urogenital tract and opportunistic infections by
Enterococcus, Mucor mucedo, and Candida albicans are common. Pseudomonas aeruginosa
is a frequent cause of abscesses in patients with diabetes, as are polybacterial infections
causing skin ulcers (diabetic foot), and severe osteomyelitis. There is clear evidence that
proper control of hyperglycemia improves immune functions and resistance to infection [118]
[66]. Chronic inflammation present in obesity may predispose the obese to cancer through
Fas-receptor over-expression and L-selectin under-expression in leukocytes, and elevated
Fas-ligand secretion in tumors affecting the morbidly obese. In one study leukocytes from 25
patients having gastric bypass surgery were compared to 15 normal controls preoperatively
and at 1, 3, 6, and 12 months postoperatively using flow cytometry to measure CD3, CD4,
CD8, CD56, CD62 (L-selectin), CD69, and CD95 (Fas antigen) expression on T
lymphocytes, B lymphocytes, NK cells, and neutrophils. The percentage of CD95 + T cells
was significantly elevated from controls and this difference persisted through 1 month
postoperatively. Furthermore, expression of CD95 per cell, was significantly greater in these
patients than that of the controls preoperatively, and this continued to 1 month. The reduced
expression of L-selectin combined with the elevated levels of CD95 suggested that morbid
obesity predisposes patients to sites of immune privilege. This could be the mechanism for
increased rates of cancer and wound infections seen in obesity [34].

Obesity and Clinical Infections
Nosocomial Infections
The association between obesity and postoperative infections has been the focus of recent
studies. In a retrospective review by Choban et al. the effect of obesity on nosocomial
infections in 849 surgical patients was studied. Age, American Society of Anesthesiologists
(ASA) score [83], and mortality were similar for the obese and non-obese groups. Despite a
relatively small number of patients with nosocomial infections, obese patients had a
significantly higher rate of these complications, including surgical site infections (SSI),
Clostridium difficile diarrhea, pneumonia, and bacteremia [29]. Other studies also confirmed
these finding; Garibaldi et al. [59] and, more recently, Canturk et al. [22] showed a trend
toward a higher risk of pneumonia and nosocomial infections in the obese population. A more
recent larger study by Pessaux et al., in which they evaluated the risk factors for nosocomial
infections in patients undergoing non-colorectal abdominal operations, found that obesity,
among other variables (age, underweight, cirrhosis, vertical abdominal incision, gastro-
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intestinal anastomosis, and prolonged operative time), was an independent predictor of
postoperative infection by multivariate analysis. However, obesity did not predict risk of SSI
specifically [108, 5].

Respiratory Infections
An intact and functioning immune response is critical for protection against infectious
disease. Impairment of the immune response of the obese host would be expected to have an
impact on the response to infectious diseases.
Indeed, genetically obese animals have been shown to exhibit decreased resistance to
bacterial and viral infections including Mycobacterium abscessus, Klebsiella pneumoniae,
Streptococcus pneumoniae and Mycobacterium tuberculosis [94].
However, a separate group [146] found no differences in bacterial growth in ob/ob mice
challenged with the K. pneumoniae and S. pneumoniae strains. Db/db mice have been shown
to have increased usceptibility to Staphylococcus aureus and H. pylori. Both ob/ob and db/db
mice have been shown to have increased susceptibility to Listeria monocytogenes. Obese
Zucker rats (fa/fa) have been shown to have increased susceptibility to Candida albicans
[110].

Figure 2. Immune response to influenza infection is impaired in the obese host. The response to infection
with influenza virus results in influenza-specific effector T-cells killing infected cells and B-cells producing
neutralizing antibody to protect against further infection. Altered responses known to be a result of the
obesigenic state are shown in red. IL, interleukin; MCP, monocyte chemoattractant protein; TNF-a, tumor
necrosis factor alpha; IFN-g, interferon; NK, natural killer cell (Adopted from Karlsson et al., 2012).
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In regards to viral infection, ob/ob mice have been found to have increased susceptibility
to viral myocarditis induced by coxsackie virus B468 as well as encephalomyocarditis virus
[81]. Similar to genetically obese models, diet-induced obese mice are more susceptible to
bacterial infection, including infection with Porphyromonas gingivalis and Staphylococcus
aureus-induced sepsis (Nilsson 2009). Influenza-infected, diet-induced obese mice had seven
times greater mortality, and increased lung pathology compared with infected lean controls.
In the lungs of influenza-infected, diet-induced obese mice, a significant decrease in the
expression of mRNA for IFN-a/-b and an increase and delay in the expression of
proinflammatory cytokines and chemokines was noted [125].
In addition, dendritic cells (DCs) from obese mice failed to efficiently present influenza
antigen to T-cells (Figure 2). Overall, it appears that diet-induced obesity can increase
susceptibility to bacterial and viral infections [82]. In a meta-analysis aiming to assess the
association between obesity and the risk of intensive care unit (ICU) admission and death
among patients hospitalized for influenza A (H1N1) viral infection a total of 3059 subjects
from six cross-sectional studies were included in this. The study concluded that severely
obese H1N1 patients (body mass index ≥ 40 kg/m2) were as twice as likely to be admitted to
ICU or die compared to H1N1 patients who were not severely obese [136].

Gastrointestinal, Liver, and Biliary Infections
Obesity and its metabolic complications are major health problems worldwide, and
increasing evidence implicates the microbiota in these important health issues. Indeed, it
appears that the microbiota function much like a metabolic "organ," influencing nutrient
acquisition, energy homeostasis, and, ultimately, the control of body weight. Moreover,
alterations in gut microbiota, increased intestinal permeability, and metabolic endotoxemia
likely play a role in the development of a chronic low-grade inflammatory state in the host
that contributes to the development of obesity and associated chronic metabolic diseases such
as nonalcoholic fatty liver disease (NAFLD). Supporting these concepts are the observations
that increased gut permeability, low-grade endotoxemia, and fatty liver are observed in
animal models of obesity caused by either high-fat or high-fructose feeding. Consistent with
these observations, germ-free mice are protected from obesity and many forms of liver injury.
Many agents that affect gut flora/permeability, such as probiotics/prebiotics, also appear to
affect obesity and certain forms of liver injury in animal model systems [55].

Infections Following Procedures
for the Management of Obesity
Types of Bariatric Surgical Procedures
Historically, the three most common types of bariatric surgical procedures include an
open and laparoscopic Roux-en-Y gastric bypass (RYGB) and laparoscopic adjustable gastric
banding (LAGB). The laparoscopic sleeve gastrectomy has become a popular procedure in
the past 4–5 years but the number of procedures that have been performed for this type of
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surgery and the number of published reports have been small in comparison with the other
bariatric surgical procedures. A recent multicenter prospective study of 4776 bariatric
procedures showed that the combined end point of 30-day mortality, major thrombotic
complication, re-intervention and prolonged hospitalization was 1. 0% for LAGB, 4. 8% for
laparoscopic RYGB and 7. 8% for open RYGB, with overall mortality 0. 3% (52). The major
risk factors for increased complication rates in this study were obstructive sleep apnea, poor
functional status or a history of prior thrombotic events. The introduction of laparoscopic
RYGB has been associated with a significant reduction in perioperative mortality and
complications. The complication rate associated with LAGB is even lower than that seen with
laparoscopic RYGB [87].

Surgical Site Infections, Skin Infections and Wound Healing
Although risk factors for SSIs have been well described for various types of surgical
procedures, scant data exist describing risk factors for SSIs following bariatric surgery [5]. In
a retrospective review addressing the incidence of and risk factors for SSI in patients
undergoing open bariatric surgery the use of epidural analgesia and delay in the appropriate
timing of prophylactic antibiotics was associated with a higher risk of SSI [32]. The SSI
among RYGBs performed were categorized as superficial, deep incisional and organ/space
according to a study performed in order to determine the risk factors for SSI following open
RYGB surgical procedures [30]. Bivariate predictors of SSIs included morbid obesity
(defined by the authors as BMI ≥50), asthma, smoking, sleep apnea, increased duration of
surgery, and presence of urinary incontinence in the preoperative setting and needing
assistance with ambulation in the preoperative setting. In multivariate analysis, Type 2
diabetes, morbid obesity (BMI ≥50), preoperative urinary incontinence and sleep apnea were
each associated with an approximate twofold increase in SSI risk [143]. SSI following RYGB
was associated with an increased risk for emergency department visits for all causes, hospital
re-admissions, outpatient procedures and 30-day mortality [30]. Important patient-related
factors for SSI include existing infection, low serum albumin concentration, older age,
obesity, smoking, diabetes mellitus, and ischemia secondary to vascular disease or irradiation.
Surgical risk factors include prolonged procedures and inadequacies in either the surgical
scrub or the antiseptic preparation of the skin. Physiological states that increase the risk of
SSI include trauma, shock, blood transfusion, hypothermia, hypoxia, and hyperglycemia.
Parameters that may be associated independently with an increased risk of SSI, and that may
predict infection, include abdominal surgery, a contaminated or dirty operation, and more
than three diagnoses at the time of discharge.
The rise of bariatric surgery has led to an increasing number of reoperations for failed
bariatric procedures. Examples of secondary bariatric operations include vertical banded
gastroplasties, mini-gastric bypasses, non-divided bypasses, RYGBP and sleeve
gastrectomies converted to RYGBP. Other patients with jejunoileal bypasses and biliopancreatic diversions had to undergo sleeve gastrectomies, re-anastomotic rings had to be
removed due to erosion, pouch trimmings, redo gastrojejunostomies, redo jejunojejunostomies, remnant gastrectomies and gastrogastric fistula takedowns had to be performed for
pouch enlargements, strictures, and gastrogastric fistulas, as well as combinations of these
procedures. In a case of gastroesophageal junction leak after gastric bypass with serious
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sepsis and hemodynamic instability minimally invasive treatment was performed without the
need for open surgery (Martin-Malagon 2010). Based on previous meta-analyses, most of the
more frequently seen complications from bariatric surgery are gastrointestinal: dumping,
vitamin/mineral deficiencies, vomiting (and nausea), staple line failure, infection, stenosis
(and bowel obstruction), ulceration, bleeding, splenic injury, and perioperative death. Other
gastrointestinal complications of bariatric surgery are indirect consequences of the surgery:
bacterial overgrowth and diarrhea [2, 141]. Serious subnutrition, associated to intestinal
bacterial overgrowth, in patients submitted to bariatric surgery has also been reported. The
patients reported asthenia, hair fallout, and edema, and one also reported diarrhea, but none
was feverish. Bacterial overgrowth is an important complication that can compromise clinical
evolution of patients submitted to intestinal surgery like gastroplasty with Y-Roux
anastomosis [92, 12]. Complications includ wound infection, intra-abdominal abscess
formation, trocar site hernias, salmonella infection associated with vomiting, and
postoperative pneumonia associated with coughing [57, 107]. Compared with open surgery,
laparoscopic surgery is associated with lower risk of wound infection and incisional hernia
[114]. However, there is no significant difference in the 30-day reoperation rate, 30-day
mortality and 30-day readmission rate between the open and laparoscopic groups [122].
Surgical site infection is one of the most common complications of bariatric surgery. The
relatively low rates of SSI published in large series of both open and laparoscopic gastric
bypass procedures underestimate the magnitude of the problem. Large series of open gastric
bypass operations have described SSI rates between 15% and 25% [95], and a pooled analysis
of outcomes in open and laparoscopic bypasses showed a rate of SSI of only 6. 6% in open
procedures [111]. Christou et al. did a retrospective review of their prospectively collected
database specifically addressing the incidence of and risk factors for SSI in patients
undergoing open bariatric surgery. The authors correlated the administration of epidural
analgesia and delay in appropriate timing of prophylactic antibiotics with a higher risk of SSI.
A high correlation between SSI and incisional hernia, another common complication after
surgery was also seen in obese patients [32]. Incisional hernia was described by Sugerman et
al. to be more common after gastric bypass in morbidly obese patients than in patients
receiving chronic corticosteroids and undergoing colectomy for inflammatory bowel disease
[127]. Laparoscopic procedures, particularly in high-volume centers, have reduced the high
risk of SSI in patients undergoing bariatric operations [103]. Schauer et al. [119] have
published the results with their first few hundred laparoscopic bariatric operations, and
reported incidences of SSI of 5% and 1. 5%, respectively. Other series have had incidences of
SSI of 1% and 9%, and the pooled analysis published by Podnos et al. showed an SSI rate of
2. 98%, all considerably lower than those described for open procedures [148, 72, 124].
The major sources of infection are microorganisms on the patient's skin and, less often,
the alimentary tract or female genital tract [27]. The most common source of pathogens
causing SSIs post-gastrointestinal surgeries is endogenous patient flora (including
staphylococcal and streptococcal species) and flora of the gastrointestinal tract (including
aerobic and anaerobic Gram-negative bacilli). As similar with other gastrointestinal surgeries,
SSI following bariatric surgery can be polymicrobial. The most common organisms causing
SSI following bariatric surgery include staphylococcal species such as Staphylococcus aureus
and coagulase-negative staphylococci. The most commonly isolated bacteria are streptococci,
Enterococcus spp., coagulase-negative staphylococci, Enterobacteriaceae, S. aureus and
Eikenella spp. The most common anaerobes isolated are Prevotella, followed by
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Peptostreptococcus, Bacteroides and Veillonella [30]. Peritoneal contamination during
laparoscopic gastric bypass has also been reporte. Culture results were positive for
streptococcus species, anaerobes, staphylococcus species, and enterobacter. Prophylactic
intravenous antibiotics and antibiotic irrigation may reduce the risk of clinically significant
infections in this small as shown in uncontrolled series [147]. Risk factors for the
development of SSIs following bariatric surgery have to be recognized in order to improve
risk stratification for SSIs. Novel scoring systems, such as the BULCS score, have been
suggested as predictosr and risk adjusters for SSI following bariatric surgery. SSI following
bariatric surgery has been associated with receipt of antibiotic prophylaxis other than
cefazolin and comorbid conditions including sleep apnea and bipolar disorder [31]. Morbidly
obese individuals should be offered bariatric surgery before major co-morbid conditions
develop as a strategy to decrease the operative risk [75].
Obese patients are at higher risk than nonobese patients for surgical site infections and
other complications such as dehiscence, pressure ulcers, deep tissue injury, and
rhabdomyolysis [13]. Cellulitis is one of the most common infections encountered by
physicians in outpatient settings and is usually treated with oral antibiotics. The increase in
methicillin resistance among these organisms worldwide has made the treatment more
complicated and challenging. Whether empiric antibiotic therapy needs to be active against
methicillin resistant Staphylococcus aureus (MRSA) is difficult to determine but evaluation
of risk factors can help. Patients with MRSA cellulitis were significantly more obese, present
with abscesses and have lesions that involved the head and neck compared with those who
had other bacteria. The presence of abscesses may represent a manifestation of virulence
factors such as Panton-Valentine Leukocidin (PVL) or unique characteristics associated with
the new CA-MRSA strains [85]. Necrotizing fasciitis associated with bariatric surgery is
another important issue. Necrotizing fasciitis is a progressive soft tissue infection (skin,
subcutaneous tissue and fascia) caused in the main by Streptococcus pyogenes, which gains
entry into the organism through any type of wound and even through intact skin. Diagnosis is
essentially clinical, being the sum of non-specific, insidious skin lesions, associated with
intense pain and multiorgan failure. Treatment is radical surgical excision of the affected
tissues, combined antibiotic therapy and supportive care. However, mortality rates are still
very high. Several cases have been reported in the current literature; one case reported by
Heinz et al. occurred as a complication of liposuction surgery, and the second presented after
minor trauma [69].
Other cases initially presented with toxic shock-like syndrome with necrotising fasciitis
and myositis, caused by Lancefield-group-A beta-haemolytic streptococci. Radical
debridement of the skin, subcutis, fasciae and part of the pectoral muscle, plus antibiotics and
sequencially transplantation of autologous skin were necessary for the patient to survive;
however, serious difiguration remained [63, 101, 135].
Cases of patients experiencing post surgical infection with a specific pathogen have been
reported in the current litterature and some of them are presented here in summary. Two
patients who underwent abdominal body-contouring surgery in a specifc surgical center later
experienced a severe deep infection and a methicillin-resistant Staphylococcus aureus
(MRSA) superinfection resulting to a massive retractile and painful scar despite appropriate
antibiotic treatment applied [8, 7]. A rare case of group A streptococcal fasciitis complicating
tumescent liposuction was also reported highlighting the importance of early diagnosis and
treatment of this condition as by using early aggressive medical and surgical treatments, the
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disease was prevented to progress to necrotizing fasciitis [14]. Laparoscopic adjustable gastric
banding represents a safe and effective bariatric surgical method. Nevertheless, complications
such as band infection due to colon microperforation during endoscopic polypectomy or
peritonitis by Streptococcus milleri, Streptococcus viridans or other streptococcal species
may occur [126, 33, 28]. A case of Pseudomonas aeruginosa infection of the abdominoplasty
flap that complicated the wound closure and jeopardized the aesthetic outcome has also been
reported [9].
In case series, it was reported a high prevalence of Mycobacterial infections in patients
who traveled in specific to undergo cosmetic surgery for fat removal, a practice referred to as
"lipotourism”. Mycobacterium abscessus can cause postsurgical wound infection and painful,
erythematous, draining subcutaneous abdominal nodules [58, 102]. In other case series,
microorganisms isolated from the purulent drainage obtained from wounds or fistulas
following laparoscopic gastric banding procedures were identified as Mycobacterium
fortuitum in patients exhibited signs of inflammation, microabscesses, and purulent wound
drainage within 24 months of abdominal and/or thigh liposuction or homologous fat tissue
injection [113, 99, 15, 25]. Cases of Mycobacterium chelonae infection in the buttock after
combined liposuction and lipo injection have also been reported [40, 61, 96]. These
organisms are most often known to cause skin, bone, and soft tissue infections associated
with local trauma, surgical procedures, and in patients with immunodeficiency [21]. Another
patient who underwent a gastric bypass for morbid obesity developed 1 year after the surgery
as severe vomiting that was attributed to a severe stenosis of the gastrojejunal anastomosis by
radiological studies.
The patient underwent resection of the stenotic anastomosis and histology showed an
intact mucosa and beneath it an abscess filled with numerous filamentous microorganisms
leading to the diagnosis of gastric actinomycosis [50].
Table 1. Factors affecting wound healing
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In adult humans, optimal wound healing involves the following the events: [1] rapid
hemostasis; [2] appropriate inflammation; [3] mesenchymal cell differentiation, proliferation,
and migration to the wound site; [4] suitable angiogenesis; [5] prompt re-epithelialization (regrowth of epithelial tissue over the wound surface); and [6] proper synthesis, cross-linking,
and alignment of collagen to provide strength to the healing tissue. Multiple factors can lead
to impaired wound healing.
In general terms, the factors that influence repair can be categorized into local and
systemic. Local factors are those that directly influence the characteristics of the wound itself,
while systemic factors are the overall health or disease state of the individual that affect his or
her ability to heal (Table 1).
Many of these factors are related, and the systemic factors act through the local effects
affecting wound healing [67]. Risk factors for wound infection included history of coronary
artery diseases, diabetes, chronic respiratory illness and malignant disease [133]. Another
important factor for SSI is inadequate dosing of antibiotic prophylaxis as supported in a large
prospective cohort study on obese patients who underwent bariatric surgery (BS) at nine
community hospitals in the USA between 2007 and 2008. Patients who received vancomycin
prophylaxis as a single agent at a dose less than 2 g were more likely to develop SSI than
patients who received other antibiotic regimens. It was thus suggested that if an antibiotic is
to be used for prophylaxis, then the appropriate dose should be calculated using actual
bodyweight rather than lean bodyweight in accordance with Infectious Disease Society of
America recommendations [56].

Obesity and Infections in Specific Populations
Children
The intestinal microbiota has been implicated in adult diseases ranging from obesity to
cancer, but there have been relatively few investigations of bacteria in surgical diseases of
infancy and childhood. Recent studies have pointed out the clinical significance of the unique
features of the pediatric microbiota and the contribution of gut microbes to common diseases
for the pediatric surgeons: necrotizing enterocolitis, obesity, and inflammatory bowel disease
[23]. A meta-analysis in obese pediatric population with average age of 16. 8 years (range, 921) concluded that bariatric surgery results in sustained and clinically significant weight loss,
but also has the potential for serious complications. For laparoscopic adjustable gastric
banding (LAGB), band slippage and micronutrient deficiency were the most frequently
reported complications, with sporadic cases of band erosion, port/tube dysfunction, hiatal
hernia, wound infection, and pouch dilation. For Roux-en-Y gastric bypass (RYGB), more
severe complications have been documented, such as pulmonary embolism, shock, intestinal
obstruction, postoperative bleeding, staple line leak, and severe malnutrition [134]. Those
patients with sleep apnea have had resolution of their sleep apnea [19]. Little is known,
however, about the relationship between obesity and otitis media with effusion (OME).
Obesity may result in altered cytokine expression, gastroesophageal reflux disease, or fat
accumulation, all of which may contribute to OME. Conversely, OME may induce taste
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changes through middle ear cavity inflammation, thus contributing to obesity. A similar
pattern of taste change has been shown in patients with gustatory nerve anesthesia [88].

Pregnancy
Obesity is a global health problem that is increasing in prevalence. The World Health
Organization characterizes obesity as a pandemic issue, with a higher prevalence in females
than males. Many pregnant patients are seen with high body mass index (BMI). Obesity
during pregnancy is considered a high-risk state because it is associated with many
complications. Compared with normal-weight patients, obese patients have a higher
prevalence of infertility. Once they conceive, they have higher rate of early miscarriage and
congenital anomalies, including neural tube defects. Besides the coexistence of preexisting
diabetes mellitus and chronic hypertension, obese women are more likely to have pregnancyinduced hypertension, gestational diabetes, thromboembolism, macrosomia, and spontaneous
intrauterine demises in the latter half of pregnancy. Obese women also require instrument or
cesarean section delivery more often than average-weight women. Following cesarean section
delivery, obese women have a higher incidence of wound infection and disruption.
Irrespective of the delivery mode, children born to obese mothers have a higher incidence of
macrosomia and associated shoulder dystocia, which can be highly unpredictable. In addition
to being large at birth, children born to obese mothers are also more susceptible to obesity in
adolescence and adulthood. Prevention is the best way to prevent this problem. As pregnancy
is the worst time to lose weight, women with a high BMI should be encouraged to lose weight
prior to conceiving. During preconception counseling, they should be educated about the
complications associated with high a BMI. Obese women should also be screened for
hypertension and diabetes mellitus. In early pregnancy, besides being watchful about the
higher association of miscarriage, obese women should be screened with ultrasound for
congenital anomalies around 18 to 22 weeks.
The ultrasound should be repeated close to term to check on the estimated fetal weight to
rule out macrosomia. Obese pregnant women are screened for gestational diabetes around 24
to 28 weeks. During the second half of pregnancy, one needs to closely watch for signs and
symptoms of pregnancy-induced hypertension. Once in labor, an early anesthesia consultation
is highly recommended irrespective of delivery mode. When cesarean section is performed,
many obstetricians prefer an incision above the pannus to avoid skin infection.
However, the incision should be decided upon the discretion of the surgeon. Peripartum,
special attention is given to avoid thromboembolism by using compression stockings and
early ambulation [117].
There are limited data to support the use of prophylactic antibiotic before cesarean
delivery, closure of subcutaneous space >2 cm, and maintaining normothermia
intraoperatively to help reduce the incidence of postoperative wound complications. Either
primary or secondary closure of wounds is preferred to healing by secondary intention.
Antibiotics should be administered in the presence of cellulitis or systemic toxicity. Use of
vacuum-assisted wound closure devices may be useful in wound management (132). Gastric
bypass surgery, by definition, changes the absorption capability of stomach and small
intestine. The use of oral medications in patients post gastric bypass may need to be adjusted
by medical providers to account for this absorption change. Cases of peritonitis on gastric
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banding due to Klebsiella pneumoniae complicated with fetal death have also been described
[60]. In cases of complicated infections in post gastric bypass surgery pregnant patient the
route of antibiotics administration should be taken into account [93].

Elderly
More information is needed on the role and the outcome of bariatric surgery in the
elderly. Compared with nonelderly patients, elderly patients who underwent bariatric surgery
are expected to have more comorbidities, longer lengths of stay, more overall complications,
pulmonary complications, hemorrhagic complications and wound complications. In a recent
study however it was shown that although the morbidity and mortality were higher in the
elderly, bariatric surgery in this specific population was considered as safe as other
gastrointestinal procedures because the observed mortality is better than the expected (riskadjusted) mortality [139]. Older patients had more pre- and post-operative comorbidities and
lost less weight than younger patients. Complications included major wound infections,
anastomotic leaks, symptomatic marginal ulcers, stomal stenoses, bowel obstructions,
incisional hernias (nonlaparoscopic), and pulmonary embolism. However the weight loss and
improvement in comorbidities in older patients were clinically significant [128].

Super Obese Patients (BMI>50kg/m2)
The safety of laparoscopic bariatric procedures in superobese patients is still debatable.
Using the American College of Surgeons National Surgical Quality Improvement Program's
participant-use file, the patients who had undergone laparoscopic Roux-en-Y gastric bypass
and laparoscopic adjustable gastric banding for morbid obesity were identified and data were
compared within each procedure after dividing the patients according to the body mass index:
<50 kg/m2 (morbidly obese group and ≥50 kg/m2 (superobese group) in a recent study by
Kakarla et al. Overall, compared with the morbidly obese group, the superobese group had a
greater incidence of co-morbidities (e. g., hypertension and dyspnea), a significantly
increased length of stay, and a greater rate of 30-day. In the gastric bypass group, the
superobese group had a significantly greater incidence of postoperative complications,
including superficial wound infections, reintubation, pulmonary embolism, myocardial
infarction, deep vein thrombosis, septic shock, and 30-day mortality. In the laparoscopic
adjustable gastric banding group, the superobese group had a significantly greater incidence
of postoperative complications, including superficial and deep wound infections, sepsis,
septic shock and 30-day mortality [79]. These results are supported by other syudies
concluding that Roux-en-Y gastric bypass can be performed safely, even at the extremes of
weight. Postoperative complications were fewand no cases of intra-abdominal sepsis were
reported althought the operation in this group may be technically challenging. Need for ICU
and hospital LOS was greater. Weight loss was significant and appeared to be sustained in
most patients [70].
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Critically Ill Patients and Sepsis
In contrast to the common prejudice that obese patients probably have a higher ICU
mortality than lean patients, convincing meta-analyses have revealed that this is not the case.
Mechanical ventilation may prove to be a big challenge in ICU patients not only because of
obesity-related anatomical problems that may complicate intubation, but also due to
obstructive sleep apnoea, obesity hypoventilation syndrome and increased intra-abdominal
pressure are of major relevance concerning ventilation, weaning and successful extubation.
The risk of infections is increased in obese ICU patients. Sepsis is the number one cause of
morbidity and mortality in noncoronary artery disease critical care units all over the world
and is associated with a high cost of care. An increase in morbidity in obese septic patients
compared with lean people is a cause of growing concern. Laboratory evidence suggests that
there is exaggeration in the inflammatory and prothrombogenic phenotype assumed by obese
compared with lean septic animals [136]. There seem to be interplay of obesity and sepsis; the
adipous tissue is not just a passive reservoir of energy but an active endocrine and
immunomodulating organ but the exact interactions between adipokines, inflammation and
coagulation in sepsis have to be clarified [97].

Infections and Metabolic Disorders
Novel, culture-independent, molecular and metagenomic techniques have provided new
insight into the complex interactions between the mammalian host and gut microbial species.
It is increasingly evident that gut microbes may shape the host metabolic and immune
network activity and ultimately influence the development of obesity and diabetes. Evidence
connects gut microflora to obesity and to type 1 and type 2 diabetes. Potential mechanisms
underlying this relationship may include increased nutrient absorption from the diet,
prolonged intestinal transit time, altered bile acid entero-hepatic cycle, increased cellular
uptake of circulating triglycerides, enhanced de novo lipogenesis, reduced free fatty acid
oxidation, altered tissue composition of biologically active polyunsaturated fatty acid, chronic
low-grade inflammation triggered by the endotoxin toll-like receptor 4 axis, and altered
intestinal barrier function [100].
Diabetes mellitus (DM) is a risk factor for SSI, well known complications of gastrointestinal surgery associated with an increased morbidity, mortality and overall cost. The type
of hypoglycemic regimen, immunosuppression, and emergency surgery has not been
associated with an increased rate of SSI. On the other hand, higher than normal glucose
control at all postoperative time intervals has been associated with SSI [121]. The impact of
abdominal fat and insulin resistance on arterial hypertension in non-obese women is also
discussed in various studies and main findings are that arterial hypertension is associated with
insulin resistance, central fat distribution, and higher leptin levels [115]. The link between
diabetes mellitus and tuberculosis has also been recognised for centuries. In recent decades,
tuberculosis incidence has declined in high-income countries, but incidence remains high in
countries that have high rates of infection with HIV, high prevalence of malnutrition and
crowded living conditions, or poor tuberculosis control infrastructure. At the same time,
diabetes mellitus prevalence is soaring globally, fuelled by obesity. There is growing
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evidence that diabetes mellitus is an important risk factor for tuberculosis and might affect
disease presentation and treatment response. Furthermore, tuberculosis might induce glucose
intolerance and worsen glycaemic control in people with diabetes. Recent studies describe
potential mechanisms by which diabetes mellitus can cause tuberculosis, the effects of
tuberculosis on diabetic control, and pharmacokinetic issues related to the co-management of
diabetes and tuberculosis [45].

Infections and Malignancy
The human gastrointestinal tract harbors a complex and abundant microbial community
reaching as high as 1013-1014 microorganisms in the colon. This endogenous microbiota forms
a symbiotic relationship with their eukaryotic host and homeostasis is maintained by
performing essential and non-redundant tasks (e. g. nutrition/energy and, immune system
balance, pathogen exclusion). Although this relationship is essential and beneficial to the
host, various events (e. g. infection, diet, stress, inflammation) may impact microbial
composition, leading to the formation of a dysbiotic microbiota, further impacting on health
and disease states. As an example, Crohn's disease and ulcerative colitis, collectively termed
inflammatory bowel diseases (IBD), have been associated with the establishment of a
dysbiotic microbiota. Extra-intestinal disorders such as obesity and metabolic syndrome have
also been associated with the development of a dysbiotic microbiota. Recent studies provide
evidence to the emerging relationship between the microbiota and development of colorectal
cancer and suggest that microbial manipulation (probiotic, prebiotic) may have an impact in
disease development and progression [151]. Obesity has been shown to be an independent
risk factor for other malignancies too including breast cancer, endometrial cancer, renal cell
carcinoma, esophageal adenocarcinoma, pancreatic ductal adenocarcinoma, and hepatocellular carcinoma.
Although HBV and HCV infections are considered as major hepatocellular carcinoma
risk factors worldwide, obesity is likely to be the primary risk factor along with other nonviral factors, such as type 2 diabetes mellitus, alcohol, tobacco, and oral contraceptives.
Obesity also represents an independent hepatocellular carcinoma risk factor in patients with
alcoholic cirrhosis and cryptogenic cirrhosis. A follow-up study in Taiwan has implicated
synergistic effects between metabolic disorders (obesity and diabetes) and viral hepatitis, with
hepatocellular carcinoma risk increasing by more than 100-fold in HBV or HCV carriers with
obesity and diabetes. Obesity has been implicated in the genesis of metabolic syndromes
including insulin resistance and type 2 diabetes, and a spectrum of non-cancerous liver
diseases, such as NAFLD and NASH, hepatic fibrosis and cirrhosis. NAFLD is strongly
associated with type 2 diabetes mellitus and dyslipidemia. Without proper management,
NAFLD may progress to chronic liver inflammation, termed as steatohepatitis (NASH),
which is a severe condition of inflamed fatty liver that can further progress to liver fibrosis
and cirrhosis causing serious complications, including liver failure and hepatocellular
carcinoma [129].
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Obesity of Infectious Origin
The aetiology of obesity is multifactorial. An understanding of the contributions of
various causal factors is essential for the proper management of obesity. Although it is
primarily thought of as a condition brought on by lifestyle choices, recent evidence shows
there is a link between obesity and viral infections. Numerous animal models have
documented an increased body weight and a number of physiologic changes, including
increased insulin sensitivity, increased glucose uptake and decreased leptin secretion that
contribute to an increase in body fat and support that infection may be a possible cause of
obesity [98]. In the last two decades, more than 10 adipogenic pathogens have been reported,
including human and nonhuman viruses, scrapie agents, bacteria, and gut microflora. Some of
these pathogens are associated with human obesity, but their causative role in human
obesity has not been established. The two most likely mechanisms are either a peripheral
effect on fat cell differentiation and storage or a central effect on appetite and energy
expenditure. Potential changes in specific areas within the brain involved in appetite control
have been suggested. These are not novel concepts nor are they without precedent as
encephalitis lethargica which was described by Constantin von Economo after a viral
outbreak in the winter of 1916–1917, a condition where the substantia nigra was damaged
with severe reduction in dopamine production, while other brain regions such as the cerebral
cortex remained unaffected. Thus it is possible for a virus to affect specific neuronal
pathways involved with energy balance without other obviously detrimental effects. Viruses
should thus be considered as a possible contributing factor to obesity as not to do so would
deprive us of a potential new avenue of investigating and treating the everincreasing epidemic
of obesity. Moreover the treatment of obese patients infected with the implicated viruses may
also change significantly. For the moment, studies to confirm or refute the existing data are
required, while further work to unravel the mechanism would persuade more scientists to
acknowledge the possibility that certain viruses may cause weight gain [140, 11].
If relevant to humans, “Infectobesity” would be a relatively novel, yet extremely
significant concept [106]. Obesity management strategies mainly target behavioural
components of the disorder, but are only marginally effective. A comprehensive understanding of the causative factors of obesity might provide more effective management
approaches. If infections contribute to human obesity, then entirely different prevention and
treatment strategies and public health policies could be needed to address this subtype of the
disorder [44].
While inflammation is a shared and key characteristic of both chronic inflammatory
diseases and infections, infectious diseases have long been associated directly with obesity [i.
e. Canine distemper virus (CDV), Rous-associated virus-7 (RAV-7), Borna disease virus
(BDV), Scrapie agent and adenoviruses SMAM-1 and 36] as well as the consequences of
obesity such as metabolic syndrome, diabetes and atherosclerosis [i. e. Helicobacter pylori
(H. pylori), Chlamydia pneumoniae (C. pneumoniae), Porphyromonas gingivalis (P.
gingivalis), hepatitis B virus (HBV), hepatitis C virus (HCV) and human immunodeficiency
virus (HIV)]. Obesity and exposure to infectious agents overlap in large population segments
and therefore may mutually influence each other.
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Canine Distemper Virus
Canine distemper virus (CDV) was the first virus linked to obesity [91]. CDV is a
morbillivirus antigenically related to measles, which infects dogs and a wide range of
carnivores. Like all morbilliviruses, CDV is highly contagious, and transmission occurs
predominantly via aerosols. In susceptible hosts, acute febrile and multisystemic disease is
induced; neuroinvasiveness and severe immunosuppression are hallmarks of CDV infection
[68]. Lyons et al. investigated the pathological consequences of CDV infection on the central
nervous system (CNS) of mice [91]. Researchers noticed that an obesity syndrome developed
in 26% of the study animals who survived the acute CNS disease. Later studies by Bernard et
al. revealed that CDV can target hypothalamic nuclei and lead to an obesity syndrome in the
late stages of infection [16]. Griffond et al. [65] suggested that the CDV-related obesity
syndrome more probably results from an array of conditions including individual
susceptibility, leptin network alteration, imbalance between hypothalamic matrix degrading
proteases and their inhibitors and neuropeptide/neurotransmitter impairments. Currently, no
evidence exists to link CDV to human obesity.

Rous-Associated Virus Type 7
Avian leucosis viruses (AVL) are retroviruses that may induce neoplastic growth such as
B-cell lymphomas, proliferative disorders such as osteopetrosis and chronic degenerative
diseases, such as anaemia and immunosuppresion [24]. Rous associated virus 7 (RAV-7) is an
AVL that causes an obesity syndrome in chickens. Carter et al. [24] discovered that infection
of 10-day chicken embryos with RAV-7 resulted in stunting, obesity and hyperlipidemia
within 3 weeks after hatching. Histological examination of the liver of infected chickens
revealed diffuse panlobular fatty infiltrates while the thyroid and the pancreas were infiltrated
with lymphoblastoid cells. An increase in serum triglycerides and cholesterol was also
present. At present there is no report of RAV-7 human infection and whether humans are
susceptible to AVL infection is a matter that requires investigation [77].

Borna Disease Virus
Borna disease (BD) was first described more than 200 years ago in Southern Germany as
a fatal neurologic disease of horses and sheep. Borna disease virus (BDV) is a neurotropic,
enveloped, non-segmented, negative-strand RNA virus distinctive in its nuclear localization
of replication and transcription [20]. The infection of the rats with the variant BDV-obese
(BDV-ob) caused rapid increase of body weight and minimal or absent neurological signs. In
rats infected with the strain BDV-ob, inflammatory lesions in the brain were restricted mainly
to the septum, hippocampus, ventromedian hypothalamus and amygdala. These areas have
also been implicated in appetite control. Until now there has been no report of evidence
linking BDV to human obesity.
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Scrapie Agent
Scrapie is a fatal degenerative disease affecting the CNS of sheep and goats. The clinical
symptoms of scrapie develop very slowly; the affected animals usually show behavioural
changes, tremor, rubbing and locomotor incoordination that progress to recumbence and
death. The infectious agent responsible for scrapie is an abnormal form of a physiological
constituent of the cell membrane (prion) [78]. Several authors have reported an increase in
food consumption followed by a subsequent increase in animal body weight during the preclinical phase of the disease. Kim et al. [86] suggested that changes in the hypothalamic–
pituitary–adrenal axis played an important role in the development of scrapie-related obesity
This theory was supported by the following three findings: [1] the scrapie obesity effect was
augmented when the scrapie strain was injected into the hypothalamus of mice; [2] the weight
of the adrenals was significantly greater (because of cortical enlargement) in scrapie-infected
obese mice than that of uninfected controls; [3] low-scrapie infectivity titres were found in the
adrenals of the obese mice indicating that the obesity effect was probably not due to direct
action of the scrapie agent on the adrenals.

SMAM-1 Virus
SMAM-1 is an avian adenovirus that infects chickens and causes excessive fat
accumulation [41]. To assess whether SMAM-1 could be associated with human obesity,
Dhurandhar et al. [42] screened the serum of 52 obese humans in India, for antibodies against
SMAM-1 virus. Ten subjects were tested positive to SMAM-1 antibodies, while 42 subjects
did not have antibodies. The SMAM-1 positive group had significantly higher BMI and
significantly lower serum cholesterol and triglycerides values compared with the SMAM-1
negative group. These findings suggest that SMAM-1, or a serologically similar human virus
may be associated with human obesity.

Human Adenoviruses
Adenoviruses are medium-sized, non-enveloped icosahedral viruses containing doublestranded DNA. There are more than 50 immunologically distinct types (six species: A–F) that
can cause human infections [37]. Although epidemiological characteristics of the
adenoviruses vary by type, all are transmitted by direct contact, faecal-oral transmission and
occasionally water-borne transmission. Adenoviruses most commonly cause respiratory
disease but they may cause gastroenteritis, conjunctivitis and cystitis [71]. The last decade six
human adenoviruses have been investigated in relation to obesity [43, 137].

Human Adenovirus 36
Of the many viruses screened, Adenovirus 36 (Ad-36) has been found to be a strong
candidate virus that is associated with obesity, based on evidence in various model systems as
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well as clinical data. Oxidative stress could be a possible mechanism of how adenovirus
might lead to obesity [144].
The adiposity-promoting effect of Ad-36 was first presented in animal models. Although
the adipogenic effects of Ad-36 were demonstrated in chickens and rodents, verification in
higher mammals was necessary. For ethical reasons humans could not be infected
experimentally with Ad-36 to verify its adipogenic effect directly. In the first study with nonhuman primates, the presence of spontaneously occurring antibodies to Ad-36 in rhesus
monkeys (Macaca mulatta) was observed. Moreover, a significant longitudinal association of
positive antibody status with weight gain and plasma cholesterol lowering during the 18
months after viral antibody appearance was discovered. In vitro experiments suggested that
Ad-36 downregulates leptin expression and secretion in 3T3-L1 cells, as well as leptin
secretion from primary adipocytes.
Moreover, there was some experimental evidence that Ad-36 increased de novo
lipogenesis in adipocytes. Studies determining the prevalence of Ad-36 antibodies in obese
people have been carried out by Atkinson et al. [10]. These studies showed that 30% of
obese and 11% of non-obese humans have neutralizing antibodies to Ad-36. Antibody
positive subjects were heavier compared with their antibody negative counterparts. As
expected from the animal studies, serum cholesterol and triglycerides were lower in Ad-36
antibody-positive vs. negative subjects.
On the contrary, in a study by Rogers et al. it was suggested that Ad-36 proteins may
provide novel therapeutic targets that remodel human adipose tissue to a more metabolically
favorable profile. It was shown that Ad-36 increased glucose uptake by adipose tissue
explants obtained from nondiabetic and diabetic subjects. Without insulin stimulation, Ad-36
upregulated expressions of several proadipogenic genes, adiponectin, and fatty acid synthase
and reduced the expression of inflammatory cytokine macrophage chemoattractant protein-1
in a phosphotidylinositol 3-kinase (PI3K)-dependent manner.
In turn, the activation of PI3K by Ad-36 was independent of insulin receptor signaling
but dependent on Ras signaling recruited by Ad-36. Natural Ad-36 infection in nondiabetic
and diabetic subjects was associated with significantly lower fasting glucose levels and A1C,
respectively [116]. The obesity inducing mechanism, specifically in humans was evaluated by
Vangipuram [138], realizing that glycerol-3-phosphate dehydrogenase, an adipocyte
differentiation marker, was increased in 3T3-L1 and human cells infected by Ad-36 [39].

Human Adenoviruses Ad-37, Ad-31, Ad-9, Ad-5 and Non-Adipogenic Ad-2
Whigham et al. studied three human viruses in vitro and in vivo: Ad-37 (classified as a
species D adenovirus like Ad-36), Ad-31 (species A) and Ad-2 (species C) [145].
The average food intake was not different between groups. The study of the serum lipids
revealed that the Ad-37 group had a significant increase in serum cholesterol from baseline to
death (P≤0. 01). Ad-37 had significantly decreased serum triglyceride levels at the end of the
study compared with all the other groups. In the control, Ad-31 and Ad-2 groups there were
no changes in serum cholesterol and triglyceride levels. Atkinson et al. tested obese and nonobese volunteers for antibodies against Ad-37, Ad-31 and Ad-2 but no association of
antibodies with BMI or serum lipids was found. The prevalence of Ad-37 was very low in the
population tested and this may have caused a type II statistical error. The results of the
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experiments using human adenoviruses demonstrate that more than one human adenovirus is
capable of producing obesity in animal models but the adipogenic property is not necessarily
shared by all human adenoviruses [140] [11].
Table 2. Human and animal obesity related viruses
(adopted from Vangipuram et al. 2007)

Hepatitis B Virus (HBV)
The safety and efficacy of bariatric surgery in patients with hepatitis B viral (HBV)
infection is not clear. In a study by Lee et al. morbidly obese patients with HBV infection did
not show difference in the outcome of bariatric surgery; however, continuing monitor of the
liver function was indicated. Morbidly obese patients positive for HBV infection were
associated with older age and higher diastolic blood pressure. The weight loss curves and
resolution of obesity-related comorbidities were similar between patients with and without
HBV infection apart from the postoperative aspartate transaminase (AST) and alanine
transaminase (ALT) that were significantly higher in HBV positive patients. During followup, two patients developed fulminating hepatitis after bariatric surgery and one died [89].

Hepatitis C Virus (HCV)
Chronic HCV infection may result in liver cirrhosis and hepatocellular carcinoma and is
associated with multifaceted disease such as porphyria cutanea tarda, membranoproliferative
glomerulonephritis and cryoglobulinemia. Hepatitis C, NAFLD characterized by hepatic
steatosis, and obesity inflict significant health and economic burdens on the Western world.
Insulin resistance is the key player in these disease processes. Complex interplay between
these conditions results in the ultimate phenotype of liver disease [112]. While
epidemiological studies suggested a linkage between HCV infections and type 2 diabetes,
other studies confirmed the direct involvement of HCV infection in the development of
insulin resistance in a mouse model using mice with the HCV core gene inserted in their
genome. A high level of TNF-α was shown to be the main factor to induce insulin resistance
in HCV-transgenic mice and insulin sensitivity was restored by administration of anti-TNF-α
antibody [142].
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Human Immunodeficiency Virus (HIV)
Insulin resistance is common in HIV-infected people and the prevalence of
hyperglycemia and diabetes is significantly higher in people with HIV infection treated with
antiretrovirals as compared with the general population. The prevalence of insulin resistance
in HIV subjects is around 35% and up to 47% when they received protease inhibitor therapy,
while the incidence of insulin resistance is only around 5% in the general population. HIV
induces an increased inflammatory state, as evident in elevated levels of adiponectin and free
fatty acids in HIV-infected individuals [142, 84]. The successful introduction in 1995 of
highly active antiretroviral therapy (HAART), a combination of potent antiretroviral agents,
has substantially decreased mortality among HIV-infected patients. HAART is the standard of
care to avoid selection of viral mutations, and the regimen is typically chosen based on the
patient's comorbidities, efficacy and tolerability in clinical trials, potential drug interactions,
adverse drug effects, and potential long-term complications. Furthermore, selection of drugs
for treatment-naïve and treatment-experienced patients take into account the benefit/risk ratio
and the HIV genotype. However, HAART is associated with a number of metabolic and
anthropometric abnormalities, including dyslipidemia and insulin resistance as well as
subcutaneous fat loss (lipoatrophy) and abdominal obesity (lipohypertrophy), all of which
may contribute to an increased risk of cardiovascular disease (CVD).
Besides the side effects from HIV treatment, there is recognition that HIV infection by
itself, or in combination with genetic and/or environmental factors, may cause metabolic
abnormalities due to the dynamic relationship between the virus and the host. In view of this,
it is noteworthy that increased mortality and morbidity rate from CVD has been reported
among HIV-infected patients. As the HIV-positive population ages, the combination of
cardiovascular risk factors commonly seen in the general population with the presence of HIV
infection and its treatment thus pose significant therapeutic and health care challenges. Soon
after PIs introduction, safety concerns for lipodystrophy and associated metabolic
complications such as insulin resistance and dyslipidemia were raised, and although several
studies have established an association between the use of PI therapy and a wide range of
adverse effects [26]. Results from cross-sectional studies have shown that compared to
healthy subjects, HIV-positive patients receiving antiretroviral therapy have increased
secretion and decreased clearance of VLDL particles, increased synthesis and reduced
catabolism of apolipoprotein B, the protein backbone of atherogenic lipoproteins, and
diminished lipoprotein lipase activity. Hypertriglyceridemia and increased levels of proatherogenic remnant lipoproteins have also been noted in HIV-positive patients on HAART.
Changes in body fat distribution, often referred to as HIV/HAART-associated lipodystrophy,
are common in HIV-infected individuals and typically start to occur after 6–12 months of PI
therapy. Importantly, these body fat changes include both lipoatrophy and lipohypertrophy.
Lipoatrophy denotes a decrease in adipose tissue volume and is an HIV-specific change that
occurs with HIV/HAART therapy affecting all subcutaneous adipose tissue depots; the least
amount of subcutaneous fat loss occurs in the upper trunk, contributing to the characteristic
“buffalo hump” in HIV-treated patients. Alternatively, lipohypertrophy denotes an increase in
adipose tissue volume, and most commonly occurs in visceral adipose tissue (VAT) and
adipose tissue depots in the upper trunk, particularly in the breast and dorsocervical fat pads
[6].
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Different approaches have been tried for the management of the HAART associated
adverse effects. These approaches can be categorized in three groups: those intrinsic to the
host, some of them modifiable and some not, those associated with antiretroviral therapy, that
are sometimes modifiable as well, and finally those related to HIV-1 infection and its
consequences, most often not modifiable. The most commonly used strategies for HALS
reversion have included host-dependent factors such as lifestyle and dietary modifications and
antiretroviral-dependent factors such as switching or avoiding the use of drugs more prone to
promote HALS. Lifestyle modifications and switching thymidine analogues have been
associated with moderate success. Pharmacological interventions have included the use of
insulin-sensitising agents and hormone therapy with disappointing results, whereas treatment
with pravastatin or pioglitazone, and uridine supplementation seem to be associated with fat
gain in preliminary studies. The only interventions with almost immediate results that may
render a patient's appearance similar to his past one have included filling techniques for facial
lipoatrophy and ultrasound-assisted liposuction for cervical fat pad hypertrophy. Among the
filling options, semipermanent reabsorbable materials and autologous fat transfer have been
associated with acceptable outcomes (38). Gastric bypass surgery may be an option for some
patients who have failed diet and therapeutic lifestyle changes, changes in ART or other
treatment modalities for HIV/ART-related lipohypertrophy and obesity.
Bariatric surgery may provide an effective treatment modality for obesity and its related
comorbidities in the HIV-infected population while not sacrificing virologic suppression
[123]. Oral administration through the bypass achieved sufficient serum concentrations of
lopinavir, whereas administration through the jejunal tube did not an HIV-infected patient
with duodenal malignant lymphoma [80]. Surgical interventions may include a combination
of ultrasonic-assisted liposuction (UAL) and suction-assisted lipectomy (SAL) of the anterior
neck, posterior neck, and trunk; direct excision of mastoid fat pads; direct excision of thigh
lipomata; facelift/necklift; browlift; fat injections; and blepharoplasty. UAL/SAL is
particularly beneficial in reducing the cervicodorsal fat pad, whereas facelift and necklift may
be necessary to adequately address anterior neck lipohypertrophy [73, 62, 109]. Roux-en-Y
gastric bypass (RYGB) can be safely performed in HIV-infected individuals. Initial results
appear to be comparable to those in noninfected controls. Well-controlled HIV infection must
not be a contraindication to bariatric surgery [51].
Helicobacter Pylori (H. pylori)
There is a high prevalence of H. pylori infection in morbidly obese patients [3, 35, 47]
[64, 150]. Aydemir et al. (Aydemir 2005) provided the first association between chronic H.
pylori infection and insulin resistance. The homeostasis model assessment of insulin
resistance was significantly higher in H. pylori-positive subjects than in H. pylori-negative
ones. Epidemiological evidence also supported the association of H. pylori seropositivity with
cardiovascular diseases and elevated parameters of metabolic syndrome [142]. Decision
analysis models suggest preventing acquisition of H. pylori, via vaccination in childhood,
could be cost-effective and may reduce incidence of gastric cancer by over 40%. As yet, no
country has adopted public health measures to treat infected individuals or prevent infection
in populations at risk [53].
The relationship between obesity and H. pylori infection is controversial. Some studies
support that H. pylori can be a 'protective' factor against the development of overweight [90].
The risk of H. pylori infection is not increased in overweight young persons. Moreover, H.
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pylori seropositivity or CagA antibody status are not associated with the BMI or fasting
serum leptin levels. On the other hand, the speculations on the protective role of Helicobacter
pylori against gastroesophageal reflux disease (GERD) originated from epidemiological
observations. These studies have shown that the rising trend of GERD is coincident with
declining prevalence of H. pylori and peptic ulcer disease in Asia. Furthermore, most casecontrol and population-based studies suggest a negative association between H. pylori
infection and GERD. It is generally believed that the preponderance of cagA+ and vacA+
virulent strains and proinflammatory interleukin-1 beta polymorphism increase the risk of
hypochlohydria and protects against the development of GERD in Asian population.
Recovery of gastric acid secretion and emergence of reflux esophagitis has been reported
after H. pylori eradication in patients with corpus gastritis and atrophic gastritis. Recent
studies have also reported that H. pylori eradication leads to recovery of ghrelin secreting
cells in the gastric corpus and a rise in plasma ghrelin levels, which may contribute to obesity
through its appetite-stimulating action and predispose to GERD. Modern lifestyle leads to a
generation with high gastric acid and ghrelin secretion rates. These physiological changes
may contribute to increased dietary calorie intake, obesity and increased prevalence of GERD
[149]. An inverse relationship between morbid obesity and H. pylori seropositivity has been
shown, leading to the hypothesis that the absence of H. pylori infection during childhood may
enhance the risk of the development of morbid obesity. In contrast, other studies showed that
obesity and/or an elevation of the BMI may be associated with an increased incidence of H.
pylori colonization, probably as a result of reduced gastric motility. In addition, the incidence
of H. pylori infection in patients undergoing Roux-en-Y gastric bypass surgery for morbid
obesity was higher than that found in all patients undergoing endoscopies and biopsy, even
though the incidence of infection was not higher in controls matched for age.
The relationship between obesity and H pylori eradication is also controversial. There are
data which demonstrate that eradication of H. pylori significantly increases the incidence of
obesity in patients with peptic ulcer disease, since it increases the level of BMI, and/or
enhances the appetite of asymptomatic patients, due to an elevation of plasma ghrelin and a
reduction of leptin levels. In fact, H. pylori infection caused a marked reduction in plasma
levels of ghrelin, as a result of a negative effect of this infection on the density of gastric
ghrelin-positive cells and an increase in plasma levels of leptin and gastrin. Since ghrelin
exerts orexigenic and adipogenic effects in contrast to leptin which exerts anorexigenic
effects, alterations in plasma levels of gastric originated appetite-controlling hormones in
children and adults infected by H. pylori may contribute to chronic dyspepsia and loss of
appetite. Consequently, H. pylori can be a “protective” factor against the development of
becoming overweight. In contrast, other studies showed that there are no differences in
plasma ghrelin levels between H. pylori+ve and H. pylori-ve patients matched for age and
BMI and that successful eradication of H. pylori had no effect on plasma ghrelin levels [104].
Mean plasma ghrelin levels fell following eradication therapy and were inversely correlated
with body weight gain. Gastric ghrelin expression increased following eradication but did not
correlate with BMI, suggesting that plasma ghrelin concentration more strongly influences
body weight change than increases in gastric ghrelin, and that increased expression of
preproghrelin mRNA in the stomach does not directly influence the total plasma ghrelin level.
The discrepancy between gastric ghrelin expression and plasma ghrelin concentration may be
reconciled by the presence of ghrelin isoforms which affect growth hormone secretagogue
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receptors differently. Nevertheless, the regulation of gastric ghrelin secretion and the
determinants of plasma ghrelin levels have yet to be elucidated.
Obestatin, a novel hormone, and ghrelin are derived from a common precursor,
preproghrelin, yet obestatin exhibits opposite effects to those of ghrelin. Obestatin
antagonizes growth hormone secretion and reduces food intake. Its discovery in 2005 brought
an additional layer of complexity to the understanding of the function of ghrelin. The
ghrelin/obestatin balance may be a key factor determining an individual’s response to H.
pylori infection and weight gain following H. pylori eradication [17].
Chlamydia Pneumoniae (C. Pneumoniae)
Epidemiological surveys, experimental studies and clinical trials have provided strong
evidence for the association between C. pneumoniae infection and metabolic syndrome,
insulin resistance and cardiovascular disease. The current concept of the influence of C.
pneumoniae on atherosclerosis is that C. pneumoniae-infected macrophages traffic to
secondary organs including arterial endothelium, induce persistent infection and lead to the
local upregulation of proinflammatory molecules. Subsequently, infected macrophages and
smooth muscle cells transform into foam cells and result in plaque destabilization, thrombus
formation and myocardial infarction in arterial endothelium. Ased on this notion, antibiotic
treatment would reduce cardiovascular events by eliminating C. pneumoniae persistent
infection and preventing re-infection. However, clinical trials with antibiotic treatment based
on this concept failed. This failure to reduce cardiovascular events by antibiotic treatment
requires the reformulation of the current mechanistic understanding of the association
between C. pneumoniae and metabolic syndrome and cardiovascular disease [142]. Wang et
al. examined the influence of C. pneumoniae infection on progression of insulin resistance in
dependence of host genetic background and dietary fat concentration in an obese mouse
model. They concluded that murine C. pneumoniae infection enhances insulin resistance and
diabetes in a genetically and nutritionally restricted manner via circulating inflammatory
mediators such as TNF-α and proposed a new mechanism of C. pneumoniae-induced
exacerbation of insulin resistance developed in this investigation. By quantifying the levels of
C. pneumoniae and TNF-α transcripts in different organs, they concluded that the dispersal of
a small number of C. pneumoniae organisms to secondary tissues was irrelevant to
progression of insulin resistance and the early onset of type 2 diabetes. In contrast, the bulk
infection of the lung caused an increase in circulating cytokines that drove the long-term
exacerbation of insulin resistance and accelerated the onset of type 2 diabetes. It was reported
that combined pathogen burden and positive serology for both H. pylori and C. pneumoniae
showed the strongest association with insulin resistance. These data suggest that exposure to
multiple pathogens may potentiate chronic low-grade inflammation and insulin resistance and
that the mechanisms whereby the pathogens affect chronic inflammatory diseases are shared
[142].
Porphyromonas Gingivalis (P. Gingivalis)
Approximately 35% of the adults in the USA have periodontitis, an inflammation that
involves the periodontal ligament and alveolar bone, while about 75% have gingivitis, an
inflammation of the gingival tissues surrounding the teeth. Periodontal diseases are initiated
by gram-negative and anaerobic bacteria such as P. gingivalis residing in biofilms on gingival
tissues and teeth. Periodontal diseases had been thought of as localized conditions of concern
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only to dental health professionals. Emerging evidence now suggests that periodontal diseases
also exacerbate systemic conditions such as metabolic syndrome and diabetes. The oral
infection causes elevated circulating IL-1β and TNF-α which lead to hyperlipidemia and
development of diabetes [142].

Diagnosis
Infections are usually detected in obese patients. They may be divided into common
infections such as fungal infections, pulmonary tuberculosis, pneumonia, bacteraemia, urinary
tract infections, and diabetic foot infections and specific infections. The latter occur almost
exclusively in diabetes and include rhinocerebral mucormycosis, malignant external otitis,
emphysematous pyelonephritis, perirenal abscess, emphysematous cystitis and
emphysematous cholecystitis. Radionuclide tests have been suggested for the diagnosis and
localisation of foot osteomyelitis, as well as the distinction of osteomyelitis from other
conditions, notably Charcot osteoarthropathy. Technetium-99m methylene disphosphonate
and labelled leukocyte bone scans are the main imaging techniques employed, while
emerging techniques include single-photon emission tomography/computed tomography (CT)
and positron emission tomography/CT. Nuclear medicine is also useful in the diagnosis and
follow-up of specific infections in obese patients like, malignant external otitis, rhinocerebral
mucormycosis, acute pyelonephritis, renal papillary necrosis and cholecystitis [105]. A case
of infected gastric band was diagnosed by technetium 99m-hexamethyl propilenamine oximelabeled leukocyte scintigraphy showing the value of integrated interpretation of anatomical
and functional imaging modalities obtained by software fusion techniques [131]. Tissue
oxygen tension has also been shown to accurately predict SSIs. In a retrospective analysis on
patients who developed an SSI after operation there was a significant difference in tissue
oxygen saturation at the surgical site between patients who developed an SSI and those who
did not [74]. Different diagnostic imaging modalities are crucial for follow-up of patients who
have undergone bariatric procedures and detection of the different postoperative
complications.

Management of Infection in Obese Patients
Given the rising incidence of obesity, bariatric surgery has proven life sustaining.
Surgical-site infections associated with bariatric surgery can be prevented with appropriate
pre-operative measures including appropriate prophylactic antibiotics, adequate control of
hyperglycemia and utilization of more laparoscopic methods for surgery. Cefazolin is the
preferred agent for surgical prophylaxis in bariatric procedures above or including the
duodenum, while cefoxitin or cefazolin in combination with metronidazole should be used for
bariatric procedures below the duodenum. For patients with IgE-mediated hypersensitivity to
penicillin or cephalosporin, antimicrobial surgical prophylaxis often includes a
fluoroquinolone or clindamycin in combination with a fluoroquinolone, an aminoglycoside or
aztreonam. Metronidazole is added if anaerobic activity is required for bariatric surgeries
involving the ileum. Intravenous is preferred over topical, subcutaneous or mechanical bowel
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preparation as the route of delivery for bariatric antimicrobial surgical prophylaxis. Standard
doses of antimicrobial agents may result in low serum and tissue concentrations in obese
patients. Hence, the highest dose of prophylactic antimicrobial agent that can be safely
administered should be used for bariatric surgical prophylaxis. For cefazolin and cefoxitin,
this translates to a minimal initial dose of 2 g, and for metronidazole the initial dose should be
1 g. All intravenous prophylactic antimicrobial agents should be infused within 30 min to 1 h
before incision, with the exception of fluoroquinolones or vancomycin. Antimicrobial
prophylaxis should be redosed if the bariatric surgery exceeds two half-lives of the drug from
the time the first dose was administered or if the operation exceeds 3 h. The duration of
antimicrobial prophylaxis for bariatric surgery should not exceed 24 h after surgery is
completed [31].
With an aging and obese population, chronic wounds such as diabetic ulcers, pressure
ulcers, and venous leg ulcers are of an increasingly relevant medical concern in the developed
world. Identification of bacterial biofilm contamination as a major contributor to non-healing
wounds demands biofilm-targeted strategies to treat chronic wounds. While the current
standard of care has proven marginally effective, there are components of standard care that
should remain part of the wound treatment regime including systemic and topical antibiotics,
antiseptics, and physical debridement of biofilm and devitalized tissue. Emerging anti-biofilm
strategies include novel, non-invasive means of physical debridement, chemical agent
strategies, and biological agent strategies. While aging and obesity will continue to be major
burdens to wound care, the emergence of wounds associated with war require investigation
and biotechnology development to address biofilm strategies that manage multi-drug resistant
bacteria contaminating the chronic wound [4].

Malnutrition and Infection
In response to infection, the immune system first executes innate and then subsequently
acquired host defense functions of high diversity. Both processes involve activation and
propagation of immune cells and synthesis of an array of molecules requiring DNA
replication, RNA expression, and protein synthesis and secretion, and therefore consume
additional anabolic energy. Mediators of inflammation further increase the catabolic response
[118]. Malnutritiona has commonly been associated with secondary immune deficiency and
susceptibility to infection in humans. On the other hand infection itself contributes to
malnutrition. Examples of how infections can contribute to malnutrition are: [1]
gastrointestinal infection can lead to diarrhea; [2] HIV/AIDS, tuberculosis, and other chronic
infections can cause cachexia and anemia; and [3] intestinal parasites can cause anemia and
nutrient deprivation. Stimulation of an immune response by infection increases the demand
for metabolically derived anabolic energy and associated substrates, leading to a synergistic
vicious cycle of adverse nutritional status and increased susceptibility to infection. Moreover,
malnutrition affects immunity. Severe protein malnutrition in newborns and small children
causes atrophy of the thymus with reduced cell numbers and subsequently illdeveloped
peripheral lymphoid organs, i. e., lymph nodes and spleen. This causal chain leads to
longlasting immune defects characterized by leucopenia, decreased CD4 to CD8 ratio and
increased numbers of CD4/CD8 double-negative T cells, and, therefore, the appearance of
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immature T cells in the periphery. Malnourished children present with diminished functional
T cell counts, increased undifferentiated lymphocyte numbers, and depressed serum
complement activity. Reduced antibody responses to polysaccharide antigens of encapsulated
bacteria such as Streptococcus pneumoniae and Haemophilus influenzae exacerbate
susceptibility to these pathogens. Moreover, immune defense at the epithelial barrier of the
undernourished host is compromised due to altered architecture of the gut mucosa, such as
flattened hypotrophic microvilli, reduced lymphocyte counts in Peyer’s patches, and reduced
immunoglobulin A (IgA) secretion [118].

Discussion and Conclusions
Obesity is undoubtedly a surrogate for other known risk factors for SSI, particularly
diabetes mellitus [130]. Gastric bypass patients with elevated fasting blood glucose
concentrations had a higher risk of SSI, highlighting the importance not only of diabetes
mellitus but also of perioperative hyperglycemia [36]. Obesity also has been associated with
longer operations, which is one of the few independent predictors of SSI that is commonly
significant in multiple series. The magnitude of blood loss has frequently been reported as a
risk factor for SSI. Whereas some reports cite greater blood loss in obese patients, others
report a lower incidence of reoperation for bleeding [18]. Obesity as an intrinsic risk factor
has also been postulated. In general, it is agreed that obese patients have tissue hypoperfusion
(subcutaneous adipose tissue), which may predispose to SSI through a greater risk of
ischemia/ necrosis and suboptimal neutrophil oxidative killing mainly attributed to a poor
balance between tissue oxygen demand and oxygen supply. Another mechanism may be the
tissue concentrations of prophylactic antibiotic achieved in obese patients. The importance of
antibiotic concentrations in serum and tissue during an operative procedure in prevention of
SSI has clearly been demonstrated [120]. Forse et al. observed a high rate of SSI in patients
undergoing gastric bypass and recorded low serum concentrations of antibiotic in these
patients, whilw when the dose of prophylactic antibiotic was doubled, the rate of SSI
decreased [54]. More recently, Edmiston et al. measured serum and tissue concentrations of
prophylactic antibiotics in obese patients at different intervals from incision time. As the BMI
increased, there was a significant decrease in antibiotic concentration at closure in adipose
tissue and at incision and closure in deep tissues (omentum) [46]. Obese patients need
substantially higher doses of prophylactic antibiotics to achieve therapeutic concentrations
and adequate protection against SSI. Recent studies support these data and show that in obese
patients, antibiotic dose adjustment depending on patient’s actual weight rather than ideal
weight should be preferred in order to achieve a relative benefit in patients’ outcome [48].
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Abstract
Bariatric surgery is the most effective treatment for morbid obesity, offering
satisfactory long-term weight loss and maintenance. It is, however, a procedure
susceptible to the development of nutritional deficiencies, i. e. anemia, due to low food
intake, the effects of gastric restriction and malabsorption which occurs. Anemic etiology
may be due to deficiencies of iron, folate and/or vitamin B12. The risk of iron deficiency
anemia is increased after RYGB and may occur because of reduced intake of foods
containing organic iron, a lower production of hydrochloric acid and/or the exclusion of
the major sites of iron absorption: the duodenum and proximal jejunum. Diagnosis of
anemia can be made using a complete blood count. Iron deficiency anemia (hypochromic
and microcytic) is characterized by decreased serum ferritin levels (<20ng/ml),associated
with increased iron binding capacity, a decrease in hemoglobin concentration and
decreased mean corpuscular volume. It is recommended that bariatric patients make daily
use of two multivitamins and multiminerals, thus providing for 200% RDA of iron, as a
way of preventing iron deficiency anemia. In treating anemia, ferrous sulfate can be used
at a dosage of 650mg/d. Thus, in some cases, serum ferritin may be elevated even with
low serum iron, characterizing a condition known as anemia of chronic disease, a
common framework related to obesity and early post-operative response to surgery.
Deficiency of Vitamin B12 and folic acid can lead to the development of megaloblastic
anemia (macrocytic). Bariatric patients should keep their B12 levels above 400ug/dl. With
levels between 100 and 400, patients may have subclinical deficiency and
supplementation is recommended. The diagnosis of folic acid deficiency can be done
using homocysteine and erythrocyte folate tests. Supplementation which aims at
preventing folate deficiency must reach 200% of DRIs. Orientation concerning
nutritional deficiencies that may result from bariatric surgery are essential to the
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multidisciplinary team in the post-op phase, in order to maintain the good health and
quality of life of patients.

1. Introduction
Bariatric surgery is the most effective treatment for morbid obesity, offering satisfactory
long-term weight loss and maintenance [1, 2]. It is, however, a procedure susceptible to the
development of nutritional deficiencies due to low food intake, the effects of gastric
restriction and malabsorption which occurs following specific procedures, such as Roux-en-Y
Gastric Bypass (RYGB) and Biliopancreatic Diversion, with or without Duodenal Switch
(BPD / DS) [3], especially in cases where adequate nutritional monitoring is lacking [4].
However, the risk of similar deficiencies occurring in cases of purely restrictive procedures,
such as adjustable gastric banding (AGB) or sleeve gastrectomy, should not be disregarded
[5].
Since a large number of obese patients referred for bariatric surgery already suffer from
vitamin and mineral deficiencies, an increased risk of developing nutritional deficiencies in
the postoperative period of bariatric surgery merits attention [6], among which is anemia, one
of the major nutritional complications that may follow this form of surgical intervention [7].
Anemia can be defined as a state in which the concentration of hemoglobin in the blood
is abnormally low, due to the lack of one or more essential nutrients. This is quite common
among patients undergoing bariatric surgery and occurs regardless of the amount of weight
lost [8]. Studies have shown that slight post-op reduction in hemoglobin may occur, even in
the absence of nutritional deficiencies, and is usually resolved up to 12 weeks post-op. If,
after this period, abnormal hemoglobin levels persist, the possibility of nutritional
deficiencies should be investigated [9, 10].
Among the studies carried out, the prevalence of anemia after bariatric surgery presents
considerable variability due to the difficulty of long-term monitoring of the patients [11]. For
this reason in certain studies, anemic prevalence varies from 5-64% after RYGB [11], while
in those with more representative sample sizes values range from 20 to 36% among patients
one 1 year or more post-op [11, 12, 13].
Anemic etiology varies and may be due to deficiencies of iron, folate and/or vitamin B12.
Iron deficiency anemia is the most prevalent, followed by mixed-deficiency anemia (of iron
and vitamin B12) [11, 14].

2. Iron Deficiency Anemia
The risk of iron deficiency anemia (iron insufficiency) is increased after RYGB, affecting
some 52% of patients [3,14], with a higher prevalence among women of fertile age [11, 13,
15]. CABLE et al. (2011) [11] found that women at this stage are about 60% more likely to
develop anemia in relation to postmenopausal women.
Iron deficiency anemia may be associated with any form of bariatric surgery (AGB,
Sleeve, RYGB or BPD), showing different causes according to the procedure applied [3, 5].
With respect to RYGB, iron deficiency may occur because of reduced intake of foods
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containing organic iron (heme iron polypeptide), a lower production of hydrochloric acid
and/or the exclusion of the major sites of iron absorption, i. e., the duodenum and proximal
jejunum [16]. Furthermore, anemia can develop as a result of surgical complications, namely
ulcers, gastritis and/or blood loss [17].
The reduced intake of foods containing iron can be due to the limited size of the gastric
pouch after surgery, along with intolerance to foods rich in ferrous iron (heme iron). For this
reason, patients with food intolerance to red meat have a higher risk of developing anemia [3,
16, 18]. Such intolerance can reach 50% of the patients in the postoperative period, even up to
four years after surgery and may be accompanied by nausea and vomiting. This type of
intolerance is more prevalent in patients who have undergone AGB, rather than RYGB [19,
20].
A lower production of hydrochloric acid occurs after RYGB, hindering the reduction of
ferric to ferrous iron and its subsequent absorption. It is assumed that after this procedure, a
smaller number of receptors are available at the apical membrane of enterocytes (such as
duodenal cytochrome b). These receptors are also able to reduce ferric iron and, therefore, to
execute intracellular transport [21].
In addition to the exclusion of major absorption sites in the duodenum and proximal
jejunum resulting from RYGB, malabsorptive procedures cause a slower intestinal transit
time of iron and less contact of it with the lumen, but this factor has not been correlated with
an increased incidence of iron deficiency anemia, although it results in a greater percentage of
excess weight loss [22].

2.1. Diagnosis
Diagnosis of anemia can be made using a complete blood count (CBC), which is
available for most patients, despite being a late biochemical marker [3]. Iron deficiency
anemia (hypochromic and microcytic) is characterized by decreased serum ferritin levels,
associated with increased iron binding capacity, a decrease in hemoglobin concentration and
decreased mean corpuscular volume [17].
Serum iron is also a parameter that must be evaluated at recommended intervals: at least
six months after bariatric surgery and thereafter annually [3]. The diagnosis of severe anemia
is indicated by hemoglobin concentration levels below 10g/dL [18]. The measurement of
serum ferritin reflects iron stores, but should not be used as an isolated diagnostic parameter,
since it is an acute phase protein, and may vary according to the age of the patient, and the
presence of inflammation and/or infection [3].
Thus, in some cases, serum ferritin may be elevated (≥ 200ng/ml), even with low serum
iron [13. 23, 24], characterizing a condition known as anemia of chronic disease (ACD), a
common framework related to obesity and early post-operative response to surgery. This type
of anemia is due to increased hepcidin in the body, a peptide whose production is stimulated
by interleukin-6 (IL-6), a pro-inflammatory cytokine. Hepcidin is able to block the intestinal
absorption of iron, as well as to block the mobilization of iron stores, thus maintaining high
levels of ferritin [25].
In cases of iron deficiency anemia, contrary to what happens in anemia of chronic
disease, serum ferritin falls below 40ng/ml. Ferritin should be maintained above 40ng/dL,
especially among women of childbearing age who have regular menses [15, 23]. Critical
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values of iron deficiency anemia are: ferritin ≤ 10ng/ml, serum iron <50ug/ml (for women)
and <70ug/ml (for men), TIBC (total iron binding capacity) > 450ug/dL [3, 20]. Transferrin
(transferrin binding protein), a protein that maintains iron in soluble form, should also be
evaluated. Its normal iron saturation level is 30%. Thus, a saturation level of <16% is
indicative of iron deficiency anemia [24].
Clinical signs and symptoms associated with iron deficiency anemia which may help in
its diagnosis are fatigue, dizziness, paleness, headache, dyspnea, myasthenia and little
disposition for physical activity [3, 17, 20]. Some studies, though, present reference to the
correlation between anemia and pica (desire to eat non-food substances) and pagophagia
(desire to eat ice) in bariatric patients [26], which can cause irreversible oral lesions, with
resolution occurring after the reestablishment of appropriate biochemical parameters through
supplementation [27].

2.2. Prevention and Treatment
It is recommended that bariatric patients make daily use of two multivitamins and
multiminerals, thus providing for 200% RDA of iron, as a way of preventing iron deficiency
anemia [3].
For high-risk populations, such as adolescents, women of childbearing age and patients
with occult bleeding, a supplementation of 40 to 65mg of elemental iron and 320mg of
fumarate or ferrous gluconate twice daily for the prevention of anemia is recommended [9,
16, 28]. This dosage is not generally found in commercial pluri-vitamins, thus requiring
additional supplementation [4]. Only with purely restrictive procedures (e. g. AGB) is this
prophylactic supplementation unnecessary.
For more severe cases, the use of contraceptives can be a good alternative, since they are
capable of reducing the menstrual flow by about 60% or eliminating it completely, resulting
in lower risks of anemia.
As a form of prevention, dosages of elemental iron of up to 300mg per day can be
prescribed with the addition of vitamin C supplement for increased absorption of minerals.
Vitamin C is necessary to reduce ferric iron (non-heme iron) to ferrous iron (heme iron), since
after mixed and malabsorptive procedures there is less production of hydrochloric acid and
fewer receptors on the apical membrane of enterocytes, which perform this function [3].
In treating anemia, ferrous sulfate can be used at a dosage of 650mg/d [16]. When ferritin
reaches levels below 10ug/dL (indicating severe anemia), intravenous administration of iron,
in the form of iron dextran, sucrose gluconato or ferric iron, should be carried out as
recommended by the hematologist or clinical staff [3, 9]. This form of administering iron
improves the erythrocyte response, energy metabolism and the immune system [18]. In some
cases, intravenous transfusion of erythrocytes may be required [17].
Iron supplements and iron-rich foods should be taken at intervals widely spaced from the
ingestion of calcium supplements and calcium-rich foods, as well as foods high in caffeine
and tannins, since these decrease iron absorption. The intake of foods rich in ferrous iron,
such as red meat, should be encouraged [3].
In cases of anemia associated with some chronic diseases, even among post-op patients,
iron supplementation has a refractory effect, since the etiology is not from iron deficiency, but
from the inflammatory process, which might explain the ineffectiveness of iron supple-
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mentation among some bariatric patients (10-15%) [22,28,29]. In this case, any weight loss
incurred can improve the inflammatory condition, promoting the bioavailability of iron [4,
13].

3. Anemia from Deficiency
of Vitamin B12 or Folic Acid
Vitamin B12 and folic acid play important roles in human metabolism through their
participation in the maturation of erythrocytes. Thus, deficiency of these micronutrients can
lead to the development of megaloblastic anemia (macrocytic), characterized by the
production of a reduced number of red blood cells, but of greater volume, abnormal shape and
immature status, factors which reduce their efficiency in the transport of oxygen throughout
the body. Megaloblastic anemia deficiency is related to deficiency of both of these nutrients
in about 95% of the cases studied [3]

3.1. Vitamin B12
Vitamin B12 deficiency may occur, usually between 1-9 years after RYGB among 1233% of patients [30]. Despite this occurrence in isolation being uncommon [31], patients
undergoing RYGB are at risk of developing disability due to incomplete digestion of food
and lower release of vitamin B12 from foods providing protein. This last factor is due to
reduced production of hydrochloric acid, responsible for transforming pepsinogen into pepsin,
which releases vitamin B12 from food [23, 32]. In addition, a recent study showed a
significant correlation between vitamin B12 and dumping syndrome [4], probably due to
losses by vomiting and diarrhea.
Intolerance to red meat contributes to reduced availability of vitamin B12 in the body,
since it is classified as a food source of this nutrient [16]. Another factor that may lead to
vitamin B12 deficiency and consequently to pernicious anemia is the lower production of the
so-called Intrinsic Factor (IF) by the parietal cells of the stomach, since this is responsible for
the absorption of vitamin B12 in the intestine (terminal ileum) [3, 23].
Given these factors, vitamin B12 absorption after RYGB is passive, in most cases, making
a specific supplementation of this nutrient necessary, since this absorption route is responsible
for only 1% of all vitamin intake in individuals who have not undergone intestinal bypass [3].
Considering the Adjustable Gastric Band (AGB) and Biliopancreatic Diversion (BPD),
changes in the exocrine functions of the stomach are insignificant. Thus, the production of
hydrochloric acid is hardly affected, and vitamin B12 deficiency in such cases is less prevalent
[3]. As for the gastric sleeve intervention, a recent study showed that 9% of the patients 1
year post-op showed deficiency of this vitamin due to reduced production of hydrochloric
acid by the stomach [5]. A person who has not been operated has a store of about 2mg of
vitamin B12, which can last for up to two years when the intake is insufficient. Thus the
prevalence of this deficiency may increase over the years, and special attention to this specific
case may be necessary [5].
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3.1.1. Diagnosis
The monitoring of vitamin B12 deficiency can be done by measuring serum concentration
of the blood, with serum levels below 200ug/dl (<150pmol/L) indicating disability. In this
sense, bariatric patients should keep their B12 levels above 400ug/dl. With levels between 100
and 400, patients may have subclinical deficiency and supplementation is recommended.
Vitamin B12 deficiency with levels below 100 indicates chronic deficiency and treatment
should be initiated immediately [3]. However, half of the patients who show signs and
symptoms of this deficiency have normal serum levels of this vitamin, so additional tests are
necessary for adequate diagnosis, such as the serum level of methymalonic acid and the
degree of homocysteine concentration, which are intermediate metabolites of the Vitamin B12
path of synthesis [16]. In the diagnose of this deficiency, serum levels of homocysteine
should not exceed 13μgmol/L and those of methylmalonic acid should not exceed 0. 4mol/L.
However, high levels of homocysteine may be found in cases of folic acid deficiency. Thus,
the diagnosis of folic acid deficiency must be excluded before proceeding with the diagnose
of vitamin B12 [33]. Symptoms related to vitamin B12 deficiency include: polyneuropathy,
paresthesia and permanent neurological disorders, hallucinations, delusions and even
psychosis. If untreated, the patient can develop irreversible neurological damage [3].
3.1.2. Supplementation
As a preventive measure, daily oral supplementation of 350μg of crystalline B12 is
recommended or intranasal supplementation of 500μg weekly or intramuscular
supplementation of 1000μg monthly [3, 16, 9]. With oral dosage, since the passive absorption
of this nutrient is only about 1% of intake, on average 3,5µg are absorbed, a level superior to
the daily requirement for an adult. A oral dosage of 500μg per day can resolve deficiency
symptoms [29].
With sublingual dosages, 2000μg of the vitamin may be administered for 7-12 days. With
intramuscular doses, anemia can be treated with 1000μg administered daily for one week,
followed by weekly administration for a month and after that, each month for the rest of the
patient’s life [33, 34].
Patients should be assessed individually before prescribing supplements, as there are
various routes (intramuscular, oral, sublingual, nasal), doses and frequency of administration.
Supplements should be prescribed in manners that patients can adhere to, since anemia can
occur even with supplementation being administered [3]. Studies suggest that oral
supplementation in daily megadoses is as effective as intramuscular supplementation. Von
Drygalsky (2009) [23] compared two groups of patients receiving supplementation of 2000μg
of B12 orally in relation to about half of that dose applied intramuscularly during several days
after surgery. On the 20th day after surgery, the group that had received oral supplementation
of vitamin B12 showed serum levels significantly higher than the group supplemented
intramuscularly. However, intramuscular doses also appear to be effective, since a dose of
1000μg every three months increases significantly the concentrations of this vitamin to
adequate levels, even in late post-op phases [6]. However, in spite of the supplementation
administered by both routes being apparently effective, intramuscular doses are to be
preferred, since they do not require the discipline of daily intake by the patient, thus reducing
the risk of a possible failure due to poor adhesion to ingestion of supplements after surgery
[4].
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3.2. Folic Acid
Folic acid deficiency is considered rare [31] and less common than vitamin B12
deficiency in patients who have undergone RYGB, reaching prevalence levels of 3-65%
(BOYLAN et al., 1998; AILLS et al., 2008) ranging from 0 to 38% in the immediate post-op
period [23]. Folic acid is considered a marker of intake of pluri-vitamins, so a deficiency can
occur due to lack of adherence to this supplementation [4] and also to a lack of food sources
in the diet (leafy vegetables, fruits, entrails, liver, dried yeast and fortified foods). This can
also occur after RYGB, even with patients who are given a multivitamin supplement, as
reported by BOYLAN et al. (1998) [35], showing a prevalence of 47% and 41% after 6 and
12 months after surgery respectively. The normal absorption site of this nutrient is in the
duodenum, but patients who have undergone malabsorptive procedures can absorb it all along
the intestine as a mechanism of adaptation. As an additional adaptive mechanism, it is
suggested that in the post-op phase an endogenous production of folate be produced by
bacteria in the initial section of the small intestine, irrespective of the achlorhydria
environment resulting from the surgery [36].
3.2.1. Diagnosis
The diagnosis of folic acid deficiency can be done using the following biochemical tests:
homocysteine and erythrocyte folate [37].
3.2.2. Supplementation
Supplementation which aims at preventing folate deficiency must reach 200% of IDRs
(with the daily ingestion of two multivitamin tablets - 800μg). In treating the deficiency, a
daily supplement of 1000mg, which should not be exceeded so as to avoid any masking of a
vitamin B12 deficiency, can be effective [3].

4. Final Thoughts
Anemia can develop after bariatric surgery, with different etiologies. Deficiency of iron,
vitamin B12 and folic acid should be investigated for the diagnosis of megaloblastic or iron
deficiency anemia. However, nutritional anemia resulting from malabsorptive procedures
may involve deficiencies of protein, selenium and copper, which require investigation when
screening for iron, vitamin B12 and folic acid present negative results [9].
The diagnosis of anemia should not be restricted to the serum form of nutrients involved.
In the case of iron deficiency anemia, for example, it is necessary to investigate the saturation
of transferrin, hemoglobin, serum ferritin and TIBC (total iron binding capacity). In cases of
megaloblastic anemia, doses of serum homocysteine are recommended. For prevention of
anemia, it is necessary to supplement with multivitamins and polyminerals. In some cases, an
additional iron supplement is required, for example for women of fertile age. The addition of
vitamin B12 post bariatric surgery is required for all patients and it may be administered by
different routes (oral, intramuscular, sublingual, nasal).
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Table 1. Overview of aspects relevant to the diagnosis, prevention and treatment of anemia after bariatric surgery
Etiology

Diagnosis
Biochemical

Clinical

Iron Deficiency

- Ferritin: ≤ 10ng/ml;
- Serum iron <50ug/ml
(women) and <70ug/ml
(men);
- TIBC:> 450ug / dL
- Transferrin: Saturation
<16%

- Fatigue, dizziness,
paleness, headache,
dyspnea, myasthenia and
little disposition for
physical activity.
- Pica and pagophagia

Chronic (disease)
inflammation
Vitamin B12 deficiency

- Ferritin: ≥ 200ng/ml
- Serum iron: < 50ug/ml
- Vitamin B12 serum:
<200 ug / dl
-Homocysteine: <13μgmol
/ L and
- Methylmalonic Acid: <0.
4 mmol / L

-

Folic acid deficiency

- Homocysteine
- Erythrocyte folate

-

Prevention

Treatment

– Daily use of two multivitamins and
multiminerals (providing 200% IDR).
- Populations at greatest risk *:
supplementation of 40 - 65mg of
elemental iron or 320mg of fumarate
or ferrous gluconate twice daily or
300mg of elemental iron per day, with
the addition of a Vitamin C
supplement.
- Ingestion of foods high in heme-iron
at different times from the intake of
food high in calcium and calcium
supplements.
-

- Ferrous sulfate: 650 mg / day
- Severe anemia **: Intravenous
Administration of iron in the form
of iron dextran, ferrous gluconate
or ferric sacarose.
- Ingestion of foods high in hemeiron at different times from the
intake of food high in calcium and
calcium supplements.

- Polyneuropathy,
paresthesia, and
permanent neurological
disorders, hallucinations,
delusions, psychosis.

– Daily ingestion of two multivitamin
tablets a day: 800μg (200% of IDRs)

* Adolescents, women of childbearing age and patients with occult bleeding.
** hemoglobin concentration levels below 10g/dL.
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- 500μg orally daily
- 2000μg sublingual for 7 to 12
days
- 1000μg intramuscularly daily for
1 week, followed by weekly
administration for 1 month and
thereafter, monthly for the rest of
the patient’s life.
- 1000 mg daily
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As the occurrence of anemia does not depends on the volume of weight lost, patients who
stop losing weight, lose weight improperly or recover part of the weight lost, may believe that
supplementation is no longer needed. Another important issue is that patients presenting
anemia also present increased needs of protein which is essential for new cell growth. As
patients needs are between 60 to 120g/d, supplements may be necessary for these patients.
Thus, the need for lifelong adherence to supplementation, independent of weight loss should
be emphasized by professionals [8].
Table 1 presents a summary of the most relevant aspects for diagnosis, prevention and
treatment of anemia after bariatric surgery considered in this chapter. Orientation on
nutritional deficiencies that may result from bariatric surgery are essential to the
multidisciplinary team in the post-op phase, in order to maintain the good health and quality
of life of patients, since nutritional deficiencies, such as anemia, are eminently predictable,
preventable and treatable. Accordingly, the priority of the team should focus on stimulus to
good eating habits and adherence by the patient to the program of supplementation, with
frequent consultation of the professionals, so as to have adequate clinical and biochemical
monitoring, especially in the first two years after surgery [4].

References
[1]

[2]
[3]
[4]
[5]
[6]

[7]
[8]
[9]

Buchwald H, Avidor Y, Braundwald E, et al. Batritric Surgery: a systematic review and
meta-analysis. JAMA. 2004;292(14):1724-37. [Review. Erratum in: JAMA, 2005;
293(14):1728].
Valezi AC, Junior JM, de Menezes MA. Weight loss outcome after silastic ring Rouxen-Y gastric bypass: 8 years of follow-up. Obes. Surg., 2010;20:1491–5.
Aills L, Blankenship J, Buffington C, et al. ASMBS Allied Health Nutritional
Guidelines for the Surgical Weight Loss Patient. SOARD, 2008;4(Supp):73S-108S.
Dalcanale L, Oliveira CPMS, Faintuch J, et al. Long-Term Nutritional Outcome After
Gastric Bypass. Obes. Surg., 2010 Feb;20(2):181-7.
Arts EO, Janssen IMC, Berends FJ. The Gastric Sleeve: Losing Weight as Fast as
Micronutrients? Obes. Surg., 2011 Feb;21(2):207-11.
Aasheim ET, Jonhson LK, Hofso D, et al. Vitamin status after gastric bypass and
lifestyle intervention: a comparative prospective study. Surg. Obes. Relat. Dis., 2012
Mar;8(2):169-75.
Faria SL, Faria OP, Gouvêa HR, Melo TR. Nutritional Management of Weight Loss
Surgery Complications. Nutrição em Pauta, 2011;1:29-33.
Dallal RM, Leighton J, Trang A. Analysis of leucopenia and anemia after gastric
bypass surgery. Surg. Obes. Relat. Dis., 2012 Mar;8(2):164-8.
Mechanick JE, Kushner RF, Sugerman HJ, et al. American Association of Clinical
Endocrinologists, The Obesity Society, and American Society for Metabolic and
Bariatric Surgery Medical Guidelines for Clinical Practice for the Perioperative
Nutritional, Metabolic, and Nonsurgical Support of the Bariatric Surgery Patient. Surg.
Obes. Relat. Dis., 2008 Sep-Oct;4(5 Suppl):S109-84.

Complimentary Contributor Copy

148

Silvia Leite Faria, Orlando Pereira Faria, Heloisa Rodrigues de Gouvêa et al.

[10] Gasteyger C, Suter M, Calmes JM, Gaillard RC, Giusti V. Changes in body
composition, metabolic profile and nutritional status 24 months after gastric banding.
Obes. Surg., 2006;16:243–50.
[11] Cable CT, Colbert CY, Showalter T, et al. Prevalence of anemia after Roux-en-Y
gastric bypass surgery: what is the right number? Surg. Obes. Relat. Dis., 2011 MarApr;7(2):134-9.
[12] Amaral JF, Thompson WR, Caldwell MD, Martin HF, Randall HT. Prospective
hematologic evaluation of gastric exclusion surgery for morbid obesity. Ann. Surg.,
1985;201:186 –93.
[13] Drygalsky AV, Andris DA, Nutleman PR, et al. Anemia after bariatric surgery cannot
be explained by iron deficiency alone: results of a large cohort study. Surg. Obes. Relat.
Dis., 2011 Mar-Apr;7(2):151-6.
[14] Brolin RE, LaMarca LB, Kenler HA, Cody RP. Malabsorptive Gastric Bypass in
Patients With Superobesity J. Gastrointest. Surg., 2002;6(2):195-205. A.
[15] Fujioka K. Follow-up of Nutritional and Metabolic Problems After Bariatric Surgery.
Diab. Care, 2005;28(2):481-4.
[16] Malinowsky SS. Nutritional and Metabolic Complications of Bariatric Surgery. Am. J.
Med. Sci., 2006;331(4):. 219-225.
[17] Avgerinos DV, Llaguna OH, Seigerman M, Lefkowitz AJ, Leitman IM. Incidence and
risk factors for the development of anemia following gastric bypass surgery. World J.
Gastroenterol., 2010;16(15):1867-1870.
[18] Muñoz M, Botella-Romero F, Gómez-Ramírez S, Campos A, García-Erce JA. Iron
deficiency and anaemia in bariatric surgical patients: causes, diagnosis and proper
management. Nutr. Hosp., 2009;24:640-654.
[19] Avinoah E, Ovnat A, Charuzi I. Nutritional status seven years after Roux-en-Y gastric
bypass surgery. Surgery, 1992;111:137-142.
[20] Traina F. Deficiência de ferro no paciente submetido à ressecção gástrica ou intestinal:
prevalência, causas, repercussões clínicas, abordagem diagnóstica e prevenção. Rev.
Bras. Hematol. Hemoter., 2010;32(supl2):78-83.
[21] Wood RJ, Ronnenberg AG. Iron. In: Shils ME, Shike M, Ross AC, Caballero B,
Cousins RJ, eds. Modern nutrition in health and disease, 10th ed. Philadelphia:
Lippincott Williams and Wilkins, 2006.
[22] Brolin RE, Kenler HA, Gorman JH, Cody RP. Long-limb gastric bypass in the
superobese: a prospective randomized study. Ann. Surg., 1992;215:387-395.
[23] Drygalski AV, Andris DA. Anemia After Bariatric Surgery: More Than Just Iron
Deficiency. Nutr. Clin. Pract., 2009;24(2):217-226.
[24] Hentze MW, Muckenthaler MU, Galy B, Camaschella C. Two to Tango: Regulation of
Mammalian Iron Metabolism. Cell, 2010;142:24-38.
[25] Cottam DR, Mattar SG, Barinas-Mitchell E, et al. Chronic inflammatory hypothesis for
the morbidity associated with morbid obesity: implications and effects of weight loss.
Obes. Surg., 2005;14:589-600.
[26] Kushner RF, Shanta Retelny V. Emergence of pica (ingestion of non-food substances)
accompanying iron deficiency anemia after gastric bypass surgery. Obes. Surg., 2005;
15: 1491-1495.
[27] Moizé V, Moizé L, Lacy A and Vidal J. Pica secondary to iron deficiency 1 year after
gastric bypass. Surg. Obes. Relat. Dis., 2010 May-Jun;6(3):316-8.

Complimentary Contributor Copy

Anemia after Bariatric Surgery

149

[28] Brolin RE, Gorman JH, Gorman RC, Petschenik AJ, Bradley LB, Kenler HA, Cody RP.
Prophylactic iron supplementation after Roux-en-Y gastric bypass: a prospective,
doubleblind, randomized study. Arch. Surg., 1998;133:740-744.
[29] Brolin RE, Gorman JH, Gorman RC, et al. Are vitamin B12 and folate deficiency
clinically important after Roux-en-Y gastric bypass? J. Gastrointest. Surg., 1998;2:436442. – b.
[30] Folope V, Coëffier M, Déchelotte P. Nutritional deficiencies associated with bariatric
surgery. Gastroenterol. Clin. Biol., 2007;31:369-377.
[31] Brolin RE, Gorman JH, Gorman RC, et al. Are vitamin B12 and folate deficiency
clinically important after Roux-en-Y gastric bypass? J. Gastrointest. Surg.,
1998;5:436–42.
[32] Ponsky TA, Brody F, Pucci E. Alterations in gastrointestinal physiology after Roux-enY gastric bypass. J. Am. Coll. Surg., 2005;201:125–31.
[33] Dali-Youcef N, Andrès E. An update on cobalamin deficiency in adults. QJM,
2009;102:17-28.
[34] Andrès E, Vogel T, Federici L, Zimmer J, Kaltenbach G. Update on oral
cyanocobalamin (vitamin B12) treatment in elderly patients. Drugs Aging,
2008;25:927-932.
[35] Boylan LM, Sugerman HJ, Driskell JA. Vitamin E, vitamin B-6, vitamin B-12, and
folate status of gastric bypass surgery patients. J. Am. Diet. Assoc., 1988;88:579–85.
[36] Russel RM, Dhar J, Dutta SK, Rosenberg IH. Influence of intraluminal pH on folate
absorption. J. Lab. Clin. Med., 1979;93:428-436.
[37] Carmel R, Green R, Rosenblatt DS, Watkins D. Update on cobalamin, folate, and
homocysteine. Hematology, 2003:62– 81.

Complimentary Contributor Copy

Complimentary Contributor Copy

In: Bariatric Surgery
Editor: Christos R. Iavazzo

ISBN: 978-1-62618-995-9
© 2013 Nova Science Publishers, Inc.

Chapter X

Oral Health after Bariatric Surgery
Mattheos G. Papakiritsis*
Dental Private Practice, Panagouli – Athens, Greece)

Abstract
Overweight and obesity are major risk factors for a number of chronic diseases.
Once considered a problem only of high-income countries, obesity rates are rising
worldwide and affecting both the developed and developing world.
There are many treatments for obesity such as pharmaceutical and surgical. Antiobesity drugs may be taken to reduce appetite or inhibit fat absorption. In severe cases,
bariatric surgery is performed to reduce stomach volume and/or intestine length, leading
to earlier satiation and reduced ability to absorb nutrients from food.
Bariatric surgery (BS) is the only consistently-effective long-term treatment for
morbid obesity but some bariatric surgeries can produce adverse effects. The side-effects
of bariatric surgery may be reflected in the oral cavity and can cause alterations in oral
health.
Patients who have undergone bariatric surgery are seen with increasing frequency in
dental offices and dental professionals need to be familiar with the challenges these
patients present.
The maintenance of oral health is very important before and after bariatric surgery.
Oral health is affected by many factors so dental professionals need to understand the oral
implications of obesity, including this population’s limited access to care.
To address the many changing oral health needs of patients after bariatric surgery,
dental professional should assume the overall medical care while working in close
collaboration with the bariatric medical team.
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Introduction
The World Health Organization (WHO) defined health as "a state of complete physical,
mental, and social well-being” and not merely the absence of disease or infirmity [1].
Overweight and obesity are defined as abnormal or excessive fat accumulation that
presents a risk to health. Body mass index (BMI) is a simple index of weight-for-height that is
commonly used to classify overweight and obesity in adults. It is defined as a person's weight
in kilograms divided by the square of his height in meters (kg/m2).
The WHO definition is:



a BMI greater than or equal to 25 is overweight
a BMI greater than or equal to 30 is obesity.

BMI provides the most useful population-level measure of overweight and obesity as it is
the same for both sexes and for all ages of adults. However, it should be considered a rough
guide because it may not correspond to the same degree of fatness in different individuals.
Overweight and obesity are major risk factors for a number of chronic diseases, including
diabetes, cardiovascular diseases and cancer. Once considered a problem only in high income
countries, overweight and obesity are now dramatically on the rise in low- and middle-income
countries, particularly in urban settings [2,3].
Obesity increases the likelihood of various diseases, particularly heart disease, type 2
diabetes, obstructive sleep apnea, certain types of cancer, and osteoarthritis [4].
Obesity is most commonly caused by a combination of excessive food energy intake, lack
of physical activity, and genetic susceptibility, although a few cases are caused primarily by
genes, endocrine disorders, medications or psychiatric illness. Evidence to support the view
that some obese people eat little yet gain weight due to a slow metabolism is limited; on
average obese people have a greater energy expenditure than their thin counterparts due to the
energy required to maintain an increased body mass [5,6].
At an individual level, a combination of excessive food energy intake and a lack of
physical activity is thought to explain most cases of obesity. A limited number of cases are
due primarily to genetics, medical reasons, or psychiatric illness. In contrast, increasing rates
of obesity at a societal level are felt to be due to an easily accessible and palatable diet,
increased reliance on cars, and mechanized manufacturing [7-11].
Obesity is a leading preventable cause of death worldwide, with increasing prevalence in
adults and children, and authorities view it as one of the most serious public health problems
of the 21st century [12].
Before the 20th century, obesity was rare [13]. In 1997 the WHO formally recognized
obesity as a global epidemic [14]. In 1980, 6% of men and 8% of women in the UK were
obese. In 2000, the respective figures had increased to 21% and 21. 4%. About 55% of the
adult population is overweight or obese [15,16].
As of 2005 the WHO estimated that at least 400 million adults (9. 8%) were obese, with
higher rates among women than men [17].
The rate of obesity also increases with age at least up to 50 or 60 years old and severe
obesity in the United States, Australia, and Canada is increasing faster than the overall rate of
obesity [18-20].
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Once considered a problem only of high-income countries, obesity rates are rising
worldwide and affecting both the developed and developing world [21,22].

Obesity Treatment
Dieting and physical exercise are the mainstays of treatment for obesity. Moreover, it is
important to improve diet quality by reducing the consumption of energy-dense foods such as
those high in fat and sugars, and by increasing the intake of dietary fiber. To supplement this,
or in case of failure, anti-obesity drugs may be taken to reduce appetite or inhibit fat
absorption. In severe cases, bariatric surgery is performed to reduce stomach volume and/or
intestine length, leading to earlier satiation and reduced ability to absorb nutrients from food
[23].

Pharmaceutical Therapy
Current drug treatment of obesity is directed at reducing energy/food intake either by an
action on the gastrointestinal system or via an action through the central nervous system
control of appetite and feeding [24-28].
A. Drugs Acting on the Gastrointestinal System: Pancreatic Lipase Inhibitors
Orlistat (Xenical) the most commonly used medication to treat obesity. This inhibits
pancreatic and gastric lipase thereby decreasing ingested triglyceride hydrolysis. It produces a
dose-dependent reduction in dietary fat absorption thereby leading to weight loss in obese
subjects.
This is current widely available and approved for long term use. Weight loss however is
modest with an average of 2.9 kg (6.4 lb) at 1 to 4 years and there is little information on how
these drugs affect longer-term complications of obesity [29].
B. Centrally Acting Drugs
Sibutramine promotes a sense of satiety through its central action as a serotonin and
norepinephrine re-uptake inhibitor. In addition, it may mitigate against the fall in
thermogenesis through stimulation of peripheral norepinephrine receptors [29].
On 26 November 2002, the European Court of First Instance annulled previous European
Commission decisions (2000) to withdraw the licences (Marketing Authorisations) for two
anorectic agents. In accordance with this, the Medicines Control Agency has reinstated the
relevant marketing authorisations for diethylpropion and phentermine, which can now be
prescribed [30].

Oral Side Effects due to Medications
The bariatric patient may present with oral side effects related to medication prescribed to
treat morbid obesity and comorbidities. The major side effect with the potential to cause oral
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manifestations is xerostomia. The main symptom of xerostomia is a dry, burning mouth that
affects the patient’s ability to swallow, taste, speak, and maintain oral tissue integrity.
Demineralization of tooth enamel may occur, resulting in the rapid progression of dental
caries and overgrowth of candida albicans [31].
The medications used in treating morbid obesity may adversely affect oral health. Direct
pharmacological treatment of morbid obesity involves two basic approaches. The first occurs
through neurotransmitter medication and the second through impeding the absorption of fats.
Medications in the first category are typically either sympathomimetic amines or atypical
antidepressants. The sympathomimetic amines work by inhibiting norepinephrine, serotonin,
and dopamine as is the case with dibutramine. Diethylpropion is also a sympathomimetic
amine that is a partial reuptake blocker of norepinephrine [32].
Most commonly side effects are constipation, anorexia, insomnia; also nausea,
tachycardia, palpitations, hypertension, vasodilation, light-headedness, paraesthesia,
headache, anxiety, sweating,; rarely, blurred vision [29].
Due to the sympathetic activity of these medications, they all frequently produce
xerostomia and taste disturbance. Additionally, sibutamine also produces mouth ulcers in
approximately 3% of users [29,33].
Bupropion is an atypical antidepressant useful in appetite suppression. It acts as a weak
inhibitor of the reuptake of norepineohrine, serotonin, and dopamine. While not a
sympathomimetic amine, bupropion does produce significant sympathetic oral side effects,
probably because it is structurally related to phenylethylamines. Among these side effects is a
1% incidence of xerostomia and a 2% incidence of mouth ulcers [34].
The principle agent in medications used to impede the absorption of fats in the treatment
of morbid obesity is orlistat. Orlistat is a lipase inhibitor in the lumen of the stomach and in
the small intestine. Lipase inhibition obstructs fat digestion and subsequent absorption
producing excretion of these substances. Because orlistat is not a sympathomimetic, it
typically does not produce xerostomia. It does, however, cause a 4. 3% incidence of carious
lesions and a 4. 1% incidence of gingivitis [35].
These effects are probably due to hydrochloric acid regurgitation. A fairly significant
number of patients experience nausea and/or vomiting while taking this medication, possibly
producing this effect [36].
Morbid obesity creates systemic health problems including hypertension [37],type II
diabetes, coronary heart disease, stroke, osteoarthritis, and breast cancer. These conditions are
frequently treated with medications that produce oral side effects. Hypertension, coronary
heart disease, and stroke are treated with, among other medications, beta blockers, thiazide
diuretics, and ACE inhibitors. These commonly cause xerostomia; ACE inhibitors are linked
to swelling in the mouth [35]. Strokes are treated with oral anticoagulants, which can produce
nausea and vomiting and the attendant oral problems. Type II diabetics frequently take oral
hypoglycemics which, in addition to nausea and vomiting, can produce dysgeusia (bad taste
in the mouth). Also, the palliative treatment for osteoarthritis, the nonsteroidal antiinflammatory drugs (NSAIDs), can produce both xerostomia and stomatitis [38].
The risk of breast cancer in a morbidly obese woman is one to five times higher than a
normal weight woman [39]. The newer medications used to treat breast cancer—aromatase
inhibitors—may cause xerostomia included in their panel of side effects [40].

Complimentary Contributor Copy

155

Oral Health after Bariatric Surgery

Phentermine
Sibutramine
Orlistat
Bupoprion
Diethylpropion
Phedimetrazine
B-blockers
Diuretics(Thiazide)
ACE Inhibitors
Ca channel blockers
Oral hypoglycemics
NSAIDs
Arimidex
Aromasin

Periodontal
Diseases

Glositis

Stomatitis

√

Dysgeusia

√
√

Oral
Swelling

Oral Ulcers

Drug

Xerostomia

Anti-Obesity Drugs and Oral Side Effects

√
√

√
√
√
√
√

√

√

√

√

√
√
√
√
√

√

Surgical Therapy (Bariatric Surgery)
Bariatric surgery (BS) is the only consistently-effective long-term treatment for morbid
obesity [41].
The name ‘Bariatric surgery’ is derived from the Greek words baros and iatrike (bariartik) denoting respectively ‘heaviness’ and ‘medicine’.
Surgery for severe obesity is associated with long-term weight loss and decreased overall
mortality. One study found a weight loss of between 14% and 25% (depending on the type of
procedure performed) at 10 years, and a 29% reduction in all cause mortality when compared
to standard weight loss measures [42].
Preliminary state-level data from the USA cite the number of bariatric surgical
procedures at approximately 130,000 in 2005, with a forecast of 218,000 in 2010 [43]. In
France, figures from 2008 indicate that the number of bariatric surgical operations (BS)
carried out that year was 13,722 [44].
Bariatric surgery includes a variety of procedures and its efficacy is based on both the
restriction of the quantities of ingested food(Vertical banded gastroplasty, Adjustable gastric
band, Sleeve gastrectomy, Intragastric balloon (gastric balloon), Gastric Plication) [and the
malabsorption of the nutrients through the shunted gut(Biliopancreatic diversion,
Endoluminal sleeve) [45-55].
Mixed procedures(Gastric bypass surgery, Sleeve gastrectomy with duodenal switch,
apply both techniques simultaneously [49].
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According to a new technique(Implantable gastric stimulation),a device similar to a heart
pacemaker is implanted by a surgeon, with the electrical leads stimulating the external surface
of the stomach. Electrical stimulation is thought to modify the activity of the enteric nervous
system of the stomach, which is interpreted by the brain to give a sense of satiety, or fullness.
Early evidence suggests that it is less effective than other forms of bariatric surgery [56].
A factor in the success of any bariatric surgery is strict post-surgical adherence to a
healthier pattern of eating.
There are some indications of the bariatric surgery [57-60] and the effectiveness [61-71]
and complications depends on the technique, the surgeon and experienced or not-experienced
hospital units [72-75].

Bariatric Surgery and Oral Health
Some bariatric surgeries can produce adverse effects such as gastroesophageal reflux,
nausea, vomiting, malnutrition, anemia, dehydration, vitamin and mineral deficiencies
(calcium, iron, folic acid, vitamin B12 and D) among others. This occurs because in most
cases there are dysfunctional eating habits, such as overeating, eating too fast, or not chewing
food well [76-80].
In around 2% of patients with BPD/DS surgical operation there is severe malabsorption
and nutritional deficiency that requires restoration of the normal absorption. The
malabsorptive effect of BPD is so potent that those who undergo the procedure must take
vitamin and dietary minerals above and beyond that of the normal population. Without these
supplements, there is risk of serious deficiency diseases such as anemia and osteoporosis [81].
The side-effects of bariatric surgery may be reflected in the oral cavity and can cause
alterations in oral health, such as dental caries, periodontal diseases, xerostomia and dentin
hypersensitivity [79,82-84].
The oral condition of obese patients may change after bariatric surgery, because this
procedure may have side-effects capable of causing alteration in the oral cavity [79],including
nutrient deficiencies impacting healing of oral tissues and gastroesophageal reflux, resulting
in tooth erosion. Patients who have undergone bariatric surgery are seen with increasing
frequency in dental offices and dental professionals need to be familiar with the challenges
these patients present [85].

Dental Caries
Dental caries is a multifactorial disease, whose aetiology is related to the presence of a
dental plaque composed by cariogenic bacteria, which can metabolize sugars such as sucrose.
As a result of this metabolism, organic acids are produced such as lactic acid, which in turn
can induce the demineralization of dental tissues [86,87].
With time, the biofilm becomes saturated regarding minerals that are released from the
dental structure, favouring the precipitation and the formation of an initial subsurface carious
lesion [88,89].
The early sign of enamel lesion is characterized as white spot (known also as noncavitated lesion) as consequence of subsurface demineralization. With time and the increase

Complimentary Contributor Copy

Oral Health after Bariatric Surgery

157

of bacterial metabolism, the intact surface layer can break down leading to formation of
cavity, the spread of bacteria and progress of the lesion to dentin. Following exposure of the
dentin to the masses of bacteria in the cavity, the most superficial part of dentin will soon be
decomposed through the action of acids and proteolytic enzymes. This zone is referred to as
the zone of destruction. Beneath this zone, tubular invasion of bacteria is frequently seen. The
bacteria invasion has as consequence the pulp inflammation, which may have serious
consequences as pain, pulpar necrosis and periapical lesions [90,91].
An increase in dental caries was verified after bariatric surgery [92]. This difference may
be related to increased frequency of food ingestion by patients after bariatric surgery, capable
of resulting in increased plaque indexes, gingivitis and serious periodontal diseases [59].
Bariatric patients may be at an increased risk for caries due to the need for more frequent
and prolonged meals throughout the day. The most significant dietary factor in the etiology of
caries is the frequent consumption of sugar and other fermentable carbohydrates [93,94]
Although there is not dramatic change in the types of foods consumed before and after the
bypass surgery, there is a difference in the pattern of foods/beverages consumed following the
procedure. The primary difference included more meals/snacks daily versus main meals.
Meals/snacks include cariogenic foods such as bananas, muffins, crackers, potato chips, beer,
granola bars, pastries, and chronic sipping of fruit juice [95].
Such foods are reflective of the patient's high average sugar intake (12%). Ingesting more
than 10% of calories as sugar and consuming fermentable carbohydrates more than 4 times a
day represent an increased risk for dental caries [96].
Since the dietary "rules" for bariatric patients include eating 4 to 6 times per day [97,98]
and sipping fluids frequently throughout the day to prevent dehydration, the risk for caries
may be increased if fermentable carbohydrates are routinely consumed. Lactose intolerance is
a common condition among bariatric patients due to the diminished production of lactase. The
dietary recommendations for this condition include avoidance of cow's milk. [97] The intake
of dairy products and calcium is low at 30% and 67% of the recommended amounts,
respectively. Milk-derived factors such as calcium phosphate and casein are considered
anticariogenic since they appear to protect the enamel against demineralization [93]. Reduced
exposure to these protective effects may have added to the patient's risk of decalcification.
Dental caries is a multifactorial disease that includes not only dietary factors but also host
and bacterial factors [93]. The patient's low salivary production and buffering capacity
represent significant risk factors for dental caries [99,100].
Factors that may have contributed to the patient's low salivary production and buffering
capacity include low water consumption (60% of recommended), cigarette use [101] and
drugs [31-40].
Although it is unclear why patients first recognize the signs of dryness long time after
gastric bypass surgery, it is probable that xerostomia contributed to the increased rate of
decay due to diminished natural cleansing of the oral cavity and buffering of plaque acids
[102].
This risk is compounds by the frequent use of regular cough drops and candy to ease the
symptoms of xerostomia. There is also a high plaque index (64%) with high cariogenicity.
Cariogenic plaque represents an increased risk for dental caries when the frequency of
fermentable carbohydrate consumption is increased [96]. Meals consumed by patients contain
more fermentable carbohydrates with 12% of the calories from sucrose. In this case the dental
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plaque index and cariogenicity are high. Also demonstrated low saliva production with higher
viscosity, which has poor buffering capacity [103].

Management of Dental Caries
Dietary recommendations for the patient included reducing sucrose consumption to less
than 10% of calories and selecting more nonfermentable carbohydrate snacks [102]. To
decrease the patient's risk for caries, recommendations were made to: a) increase complex
carbohydrates and reduce the consumption of simple sugars throughout the day [93]; b)
include cariostatic food factors such as proteins, cheeses, and phytates (phosphoruscontaining compounds found in the outer husks of cereal grains) particularly when consuming
acidogenic foods [95]; c)increase water consumption. Water recommends as a substitute to
sipping fruit juice to help reduce substrate exposure, increase hydration, and help ease the
symptoms of xerostomia [101]. d) stimulate salivary flow via fibrous foods [94]; e) increase
the frequency of brushing and flossing after meals/snacks; f) continue the daily use of 1. 1%
sodium fluoride and xylitol toothpaste and g) maintain a 4-month recare schedule to monitor
for evidence of remineralization or further demineralization [104].

Oral Side Effects due to Dehydration
Saliva has a broad range of protective functions for both oral tissues and the body at
large, and contains a wide variety of effective antimicrobial substances against bacteria,
viruses and fungi. Saliva also contains other chemoprotective factors that help to neutralize
microbial damage and render environmental toxins less harmful [105,106].
Due to reduced gastric capacity dehydration is also a common concern. Inadequate water
intake contributes to xerostomia, which can increase caries activity, periodontal disease and
tooth wear [77,78].
Saliva flow was reduced in patients before surgery and increased after RYGB, however,
the patients continued to experience hyposalivation 3 months after surgery. After 6 months
the saliva flow returned to normal. This reduction in salivary flow in patients before surgery
and newly operated patients may be associated with the treatment for diabetes in most obese
patients [107].
The reduction in the use of medication may have influenced the improvement in salivary
flow, such as hyposalivation, that was related to diabetic decompensation and the
administration of certain drugs24, 6 months after bariatric surgery [92,108].
At least 5 servings of whole fruit and vegetables were recommended to increase nutrient
intake and stimulate salivary flow via fibrous foods [109]
The use of xylitol oral care products (toothpaste, oral rinse, chewing gums, pastiles)
recommended to decrease the xerostomia and prevent oral tissue. Saliva substitutes are
usefull, too.
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Patient’s Diet/Poor Oral Health
Another factor related to the development of oral diseases is the patient’s diet. Whether
the patient has participated in one or more of the behaviors prevalent in eating disorders such
as restriction of food, binging and purging of food, or binging without purging, the oral
consequences are severe [31]. Poor oral health negatively affects behavioral compliance of
the post-operative bariatric surgery patient during the reintroduction of food. The patient is
required to cut all food into very small bites and is directed to perform 30 chews per bite.
During the postoperative period, chewing is required in order to reduce nausea, vomiting,
bloating, and blockage of the stoma [110].
If the patient’s oral health is compromised due to untreated dental caries, periodontal
disease causing tooth mobility, loss of all or some teeth or an ill fitting denture, the patient
may not be able to adequately start the digestion process through the chewing of food [111].
Some surgery failures relate to the inability of the patient to slowly chew food. The
patient may experience problems with eating food and turn to high caloric liquid intake and
experience a slow or minimal weight loss [112].
International guidelines generally suggest that patient criteria for elective surgery for BS
should firstly, include the control of feeding behaviour in order to eat less and more slowly
and, secondly, a functional dental status providing good chewing function [113].
This set of conditions was assumed to reduce the prevalence of physiological
complications of BS, such as vomiting, diarrhea, pain or dumping syndrome.
Patients scheduled for bariatric surgery (BS) are encouraged to chew slowly in order to
optimise the digestion process. The influence of dental status on patients’ ability to comply
with advice on chewing behaviour is poorly documented.
The relationships between mastication and digestion have previously been investigated in
different ways [114].
Increasing mastication shortens the time needed by the stomach to comminute food
particles to a diameter small enough to pass through the pylorus [115].
Mastication is also involved in maintaining good motility in the digestive tract by
enhancing physiological gastric motion through the activation of parasympathetic nervous
activity [116–121].
Moreover, adequate mastication facilitates the initial steps of digestion by stimulating
saliva production and activating the cephalic controls that initiate the assimilation of foods
[122,123].
Chewing ability in persons with obesity could affect links between nutrition and feeding
behaviour. Previous studies on feeding attitudes demonstrated that obese subjects eat faster
than their lean peers and suggested that a lack of oral stimulations could be related to
energetic metabolism [124,125].
It has been suggested that low activity of the autonomous nervous system explains a
decrease in the thermogenic response to food in individuals with obesity [126,127].
It was also shown that the palatability of the meal had an effect on the cephalic phase of
dietary thermogenesis and that this effect is significantly decreased in obese subjects
compared with non-obese ones [128].
Patients with morbid obesity who have undergone bariatric surgery are thus encouraged
to chew slowly in order to slow down food intake and optimize the digestion process. Despite
these considerations, BS is often proposed for obese patients whatever their chewing ability.
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A study conducted in a group of 44 patients with morbid obesity scheduled for BS, showed
that 43% had healthy dental status with at least 7 pairs of functional teeth (Functional Unit:
FU), while 23% had 6 FUs, 20% had 5 FUs and 14% wore dentures In this latter study, it was
shown that patients with impaired dental status produced a food bolus with a larger particle
size than fully dentate patients. [129].
It was not known however whether the patients with impaired dental status were able to
comply with advice about increasing chewing and, if such a modification were verified,
whether an increase in chewing activity had an impact on the composition of the swallowed
bolus. The observations of both the food bolus collected just before swallowing and the
kinematic strategy developed to produce this bolus appeared to be good criteria for evaluating
mastication [130-132].
It has been demonstrated in healthy adult subjects that the granulometry of the bolus
decreases during chewing until reaching a threshold value that corresponds to swallowing
[133,134].
This threshold is a constant of each individual and depends on food rheological properties
[135,136].
It varies among individuals according to dental status and saliva characteristics and its
variability is not affected by gender [137].
In healthy fully dentate subjects, the chewing activity before swallowing differs
according to type of food, with more chewing cycles (CC) and longer chewing duration (CT)
for hard foods such as carrot and peanuts than for soft foods such as banana and apple, while
the chewing frequency (CC/CT) of each individual remains constant [138-141].
Previous studies on the chewing ability of dentally impaired subjects showed that a
decrease in the number of functionally paired teeth and oral rehabilitation with removable
dentures were linked to a decrease in CT and CC values and to an increased D50 value
[129,138].
In obese patients, the impact of potentially increased chewing activity on the
granulometry of the pre-swallowed bolus would also depend on dental status.
The influence of dental status on patients’ ability to comply with advice on chewing
behaviour is poorly documented.
A study concludes that after bariatric surgery, all the obese patients, regardless of dental
status modify their chewing kinematics. The effects of this chewing behaviour on bolus
granulometry depends on dental status and type of food [142].

Tooth Erosion/Dentin Hypersensitivity
One of the lesions related to the demineralizationis the dental erosion, which is defined as
chemical dissolution of dental tissues by a chemical process (acid or chelating agents) without
the bacterial involvement [143].
The etiology of erosion is multifactorial and not fully understood. The most important
sources of acids are those found in the diet, such as acidic foods and drinks [144] and those
originated from the stomach, like gastric acids from regurgitation and reflux disorders.
Currently, the increased consumption of acidic foods and soft drinks is becoming an
important factor for the development of erosive wear. The acidic attack leads to an
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irreversible loss of dental hard tissue, which is accompanied by a progressive softening of the
surface [145].
This softened zone is more susceptible to mechanical forces, such as abrasion [146]
which in turn have little or no effect on sound dental hard tissues [147].
Clinically, early enamel erosion appears as a smooth silky-shining glazed surface.
Typical for erosions of the facial aspects of teeth is a ridge of enamel that separates the defect
from the marginal gingival(cervical erosion). Occlusal erosion is characterized by rounded
cusps and concavities. Further progression of occlusal erosion lead to a distinct grooving of
the cusps, and restorations are rising above the level of the adjacent tooth surface. In cases of
severe erosion, the whole occlusal or facial morphology disappears. When the dentin is
reached, it is common report of hypersensitivity to cold, heat and osmotic pressure. Other
consequences of dental erosion are diastema, thin and fractured incisal edges, loss of vertical
dimension, opened pseudobite and prominence of aesthetic restorations [148].
Dentine hypersensitivity has been defined as a sharp, short pain arising from exposed
dentin in response to stimuli typically thermal, evaporative tactile, osmotic, chemical and
which cannot be ascribed to any other form of dental defect or pathology [149].
The short and sharp pain symptoms are thought to be derived from the hydrodynamic
challenge. The most affected patients range from 20 to 40 years-old; premolars and incisors
tend to be most sensitive teeth, being the pain localized on the facial surface. Sensitive teeth
have much greater numbers of open tubules per unit area and the average diameter of tubules
is almost 2 times greater than tubules in nonsensitive teeth [150].
Dentine hypersensitivity represents a condition of presumable multifactorial pathology.
Two processes are essential for its development:(1) dentin must be exposed through genetic
disturbance, enamel defect (lamellae and spindles), loss of enamel (erosion, abrasion,
attrition), gingival recession with rapid loss of cementum and (2) the dentin tubules must be
open to both the oral cavity and the pulp.
Diagnostic protocol for this condition consisted of Medical, Dental Dietary, Oral Hygiene
History and Intra-oral examinations with air indexing method. The treatments in the office
can be made with substances that are able to create a smear-layer on dentin surface, occluding
dentinal tubules with insoluble precipitates and stimulating the production of reparative
dentin and/or sclerotic. This can be achieved chemically with agents like potassium, calcium
and fluoride or physically [150,151].
All obese patients had some degree of dental wear, however the severity of dental wear
increased with time after bariatric surgery. Statistically significant differences were found
between before, 3 months and 6 months after bariatric surgery (p=0. 012). This increased
result may be related to chronic vomiting, because any acid below the critical pH of dental
enamel (5. 5) can dissolve hydroxyapatite crystals. Vomiting and other gastric disorders are
important risk factors for tooth wear, and after bariatric surgery, nausea and vomiting may
occur. In most cases dysfunctional eating habits, such as overeating, eating too fast, or not
chewing food well may cause these complications [76,78]
The patients show increased vomiting frequencies of at least once a week after RYGB
[92]. 37% of the patients who had undergone bariatric surgery had hypersensitive teeth.
Hypersensitivity is a complication of dental erosion when there is dentin involvement [79].
Except dental caries, acidic levels in the oral cavity, which are known to be one of the
postoperative side-effects of bariatric surgery, directly result in tooth erosion and dentine
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hypersensitivity. Significant associations were found between reported dental hypersensitivity
and vomiting (P=0. 013), and also dental hypersensitivity and indigestion (P=0. 021) [80].

Bariatric Surgery and Periodontal Disease
Obesity is associated with a higher risk of periodontal disease. After bariatric surgery,
bone loss frequently occurs because the patients may present metabolic bone disease
(osteomalacia and osteoporosis) [17, 18]. Bypassing the antrum and duodenum results in
decreased absorption of several nutrients including iron, folate, calcium and vitamin B-12,
which can cause bone loss [7, 9]. As a result of this metabolic bone disease, some bariatric
patients may present osteoporosis that could influence the bone loss in chronic periodontitis,
and may be a co-factor in alveolar bone loss [152-155].
Periodontal disease is an infection of the tissues that hold teeth in place. It's typically
caused by poor brushing and flossing habits that allow dental plaque to build up on the teeth
and harden. In advanced stages, periodontal disease can lead to sore, bleeding gums; painful
chewing problems; and even tooth loss.
The longer plaque and tartar are on teeth, the more harmful they become. The bacteria
cause inflammation of the gums that is called gingivitis. In gingivitis, the gums become red,
swollen and can bleed easily. Gingivitis is a mild form of gum disease that can usually be
reversed with daily brushing and flossing, and regular cleaning by a dentist or dental
hygienist. This form of gum disease does not include any loss of bone and tissue that hold
teeth in place. When gingivitis is not treated, it can advance to periodontitis. In periodontitis,
gums pull away from the teeth and form pockets that become infected. The body's immune
system fights the bacteria as the plaque spreads and grows below the gum line. Bacterial
toxins and the body's natural response to infection start to break down the bone and
connective tissue that hold teeth in place. If not treated, the bones, gums, and tissue that
support the teeth are destroyed. The teeth may eventually become loose and have to be
removed.
Smoking is one of the most significant risk factors associated with the development of
gum disease. Additionally, smoking can lower the chances for successful treatment.
Hormonal changes in girls/women. These changes can make gums more sensitive and make it
easier for gingivitis to develop. People with diabetes are at higher risk for developing
infections, including gum disease. Diseases like cancer or AIDS and their treatments can also
negatively affect the health of gums. There are hundreds of prescription and over the counter
medications that can reduce the flow of saliva, which has a protective effect on the mouth.
Without enough saliva, the mouth is vulnerable to infections such as gum disease. And some
medications can cause abnormal overgrowth of the gum tissue; this can make it difficult to
keep gums clean. Finally, some people are more prone to severe gum disease than others(
genetic susceptibility).
There are two types of periodontal therapy non-surgical and surgical. Some drugs can
help but ever in combination with conservative or surgical therapy. Periodontal health should
be achieved in the least invasive and most cost-effective manner. This is often accomplished
through non-surgical periodontal treatment, including scaling and root planning (a careful
cleaning of the root surfaces to remove plaque and calculus from deep periodontal pockets
and to smooth the tooth root to remove bacterial toxins), followed by adjunctive therapy such
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as local delivery antimicrobials and host modulation, as needed on a case-by-case basis. Most
periodontists would agree that after scaling and root planning, many patients do not require
any further active treatment, including surgical therapy. However, the majority of patients
will require ongoing maintenance therapy to sustain health. Non-surgical therapy does have
its limitations, however, and when it does not achieve periodontal health, surgery may be
indicated to restore periodontal anatomy damaged by periodontal diseases and to facilitate
oral hygiene practices. Periodontal surgery is necessary when your periodontist determines
that the tissue around your teeth is unhealthy and cannot be repaired with non-surgical
treatment. Following are the four types of surgical treatments most commonly prescribed:
Pocket Reduction Procedures, Regenerative Procedures, Crown Lengthening and Soft Tissue
Grafts [156].
Periodontitis and obesity are both chronic health problems and the literature support an
association between the two. Regardless of the type of periodontal surgery , the prevalence of
periodontitis proved to be high (81. 45%). There is a statistically significant difference in the
prevalence of periodontitis. Differences in periodontal condition were observed in individuals
at different times of the bariatric surgery, showing a high prevalence of periodontitis in both
pre- and post-operative follow-up [157].
An improved response to non-surgical periodontal therapy is observed in obese patients
who had significant weight loss following bariatric surgery compared to obese subject who
did not have such a surgery. There is a statistically significant improvement after periodontal
therapy in the subjects had previously undergone bariatric surgery compared to the obese
group (P<0. 05) [158].
Patients who have undergone bariatric surgery need to be closely monitored after surgery
to prevent the development of oral complications, especially periodontal conditions [159].
People with diabetes are at special risk for periodontal disease. Periodontal disease can
lead to painful chewing difficulties and even tooth loss. Xerostomia(dry mouth), often a
symptom of undetected diabetes, can cause soreness, ulcers, infections, and tooth decay.
Smoking makes these problems worse.
Good blood glucose control is key to controlling and preventing mouth problems. People
with poor blood glucose control get gum disease more often and more severely than people
whose diabetes is well controlled. Daily brushing and flossing, regular dental check-ups and
good blood glucose control are the best defense against the oral complications of diabetes.
Chronic vitamin D deficiency, inadequate calcium intake, and secondary hyperparathyroidism are common in obese individuals, placing them at risk for low bone mass and
metabolic bone disease [160].
Vitamin D deficiency is most commonly due to inadequate intake and is present in at
least 20% of both obese and nonobese individuals [161,162].
After bariatric surgery, vitamin D deficiency occurs more often in patients who have
undergone malabsorptive procedures than in those who had restrictive operations [163,164].
The increased incidence may be due to the length of the jejunoileal common channel [165].
Metabolic bone disease manifesting as osteopenia and secondary hyperparathyroidism
have been reported after Roux-en-Y gastric bypass surgery due to reduced calcium
absorption. The highest concentration of calcium transporters is in the duodenum. Since the
ingested food will not pass through the duodenum after a bypass procedure, calcium levels in
the blood may decrease, causing secondary hyperparathyroidism, increase in bone turnover,

Complimentary Contributor Copy

164

Mattheos G. Papakiritsis

and a decrease in bone mass. Increased risk of fracture has also been linked to bariatric
surgery [166].
Recent studies point to several potentially important periodontal risk indicators. These
include the osteopenia [167].
There is increasing evidence that osteoporosis, and the underlying loss of bone mass
characteristic of this disease, is associated with periodontal disease and tooth loss. Current
evidence including several prospective studies supports an association of osteoporosis with
the onset and progression of periodontal disease in humans. The majority of studies have
shown low bone mass to be independently associated with loss of alveolar crestal height and
tooth loss. However studies that focus on the relation of clinical attachment loss and
osteoporosis are less consistent. To date, the majority of studies on the relationship between
periodontal disease and osteoporosis have been hindered by small sample sizes, limited
control of other potential confounding factors, varying definitions of both periodontal disease
and osteoporosis, and few prospective studies where the temporality of the association can be
established. Potential mechanisms by which host factors may influence onset and progression
of periodontal disease directly or indirectly include underlying low bone density in the oral
cavity, bone loss as an inflammatory response to infection, genetic susceptibility, and shared
exposure to risk factors. Systemic loss of bone density in osteoporosis, including that of the
oral cavity, may provide a host system that is increasingly susceptible to infectious
destruction of periodontal tissue [168].
Reduced bone mineral density is a shared risk factor for periodontitis rather than a causal
factor. However, more prospective studies are required to fully determine what, if any,
relationship truly exists between periodontitis and reduced bone mineral density [169].
After bariatric surgery, patients are at even higher risk, owing to malabsorption and
decreased oral intake. Meticulous preoperative screening, judicious use of vitamin and
mineral supplements, addressing modifiable risk factors, and monitoring the absorption of
key nutrients postoperatively are essential in preventing metabolic bone disease in bariatric
surgery patients. Measurement of bone mineral density (BMD) is the best surrogate test for
future fractures, in the general population. Metabolic bone disease(osteoporosis) is
particularly important in patients about to undergo dental implants placement operation. In
this case, dentists have to check calcium levels and bone mass before and after implant
surgery.
To help increase the patient's calcium intake, 3 daily servings of dairy products with low
lactose (eg, cheese and yogurt) were recommended. An increase in dairy products may
contribute to caries protection and also help reduce the risk of osteoporosis, which represents
a significant risk among bariatric patients [170].

Nutritional Derangements and Oral Problems
Nutritional derangements due to deficiencies of micronutrients like iron, vitamin B12, fat
soluble vitamins(A,D,E,K), thiamine, and folate are especially common after malabsorptive
bariatric procedures. Seizures due to hyperinsulinemic hypoglycemia have been reported.
Seizures due to hyperinsulinemic hypoglycemia have been reported. Inappropriate insulin
secretion secondary to islet cell hyperplasia, called pancreatic nesidioblastosis, might explain
this syndrome [171].
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Vitamin A help in maintenance of healthy mucous membrane, formation of tooth tissues
and maintain salivary flow in the mouth. Vitamin E Help in healing and restoration of
damaged oral tissues. Vitamin K may be involved in bone formation and vitamin D related
with calcium metabolism, teeth and bone health.
Low serum vitamin D levels are associated with low bone mineral density
Supplementation with vitamin D and calcium improves bone mineral density slightly, as well
as decreases the risk falls and fractures in certain groups of people [172].
Burning mouth syndrome (BMS) is a painful, complex condition often described as a
scalding feeling in the mouth. In addition to pain, dry mouth and a bitter taste may
accompany the burning sensation. Symptoms typically worsen throughout the day and into
the evening, often subsiding overnight. Although the condition occurs more frequently in
women, anyone can be affected. For many people, the exact cause or causes of their burning
mouth is elusive. BMS has been associated with a number of conditions, such as hormonal
imbalances, oral disorders such as thrush or dry mouth, or damaged nerves (specifically,
cranial nerves associated with taste). irritating dentures, or nutritional deficiencies, but their
relationship is not clear.
Treatment is tailored to the specific needs of each patient and focuses on the underlying
cause(s) of burning mouth if it can be identified, or on the painful symptoms to try to alleviate
the discomfort of BMS. Glossodynia or burning mouth syndrome (BMS) (also known as
burning tongue [132] and orodynia [173,174].
Iron-deficiency anemia (or iron-deficiency anaemia) is a common anemia that occurs
when iron loss (often from intestinal bleeding or menses) occurs, and/or the dietary intake or
absorption of iron is insufficient. In iron deficiency, hemoglobin, which contains iron, cannot
be formed [175].
Oral symptoms and signs of iron-deficiency anemia include mouth ulcers. Deficiencies in
vitamin B12, zinc [138] have been linked to oral ulceration, too [176]. Similarly, ascorbic
acid(Vitamin C) deficiencies may lead to scurvy which impairs wound healing, which can
contribute to ulcer formation.
Disorders such as iron deficiency anemia and B-vitamin deficiencies could cause
glossitis. Especially, Vitamin B9 (Folic acid) and B12 help prevent tongue inflammation,
chronic periodontitis and yeast infection. Poor hydration and low saliva in the mouth may
allow bacteria to grow more readily and cause glossitis. Also, glossitis could caused by
certain blood hypertension medications (ACE inhibitors). Angular cheilitis or angular
stomatitis is an inflammatory lesion at the labial commissure, or corner of the mouth, and
often occurs bilaterally. The condition manifests as deep cracks or splits. In severe cases, the
splits can bleed when the mouth is opened and shallow ulcers or a crust may form [177].
Although the sores of angular cheilitis may become infected by the fungus Candida
albicans (thrush), or other pathogens, studies have linked the initial onset of angular cheilitis
with nutritional deficiencies, namely riboflavin (vitamin B2) [178] and iron deficiency anemia
[179] which in turn may be evidence of poor diets or malnutrition (e. g. celiac disease). Zinc
deficiency has also been associated with angular cheilitis [180].
Zinc is absorbed in the duodenum and proximal jejunum, and absorption may be
impaired with altered GI tract anatomy. Zinc is lost primarily in the feces, with a small
amount excreted in the urine. Therefore, individuals with chronic diarrhea, malabsorption, or
steatorrhea are at risk of zinc deficiency. Manifestations of zinc deficiency include impaired
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immune function (decreased development and activation of T lymphocytes) [181] altered
taste and impaired wound healing [182,183].

Pre and Post Surgery Dental Assessment
The maintenance of oral health is very important before and after bariatric surgery,
considering that after surgery patients need to chew slowly and for a longer time to prevent
adverse effects, such as nausea and vomiting. Therefore oral rehabilitation of patients
undergoing bariatric surgery is essential in order to reduce the side-effects after surgery and
improve the quality of life of patients before and after the intervention. Patients who have
undergone bariatric surgery are seen with increasing frequency in dental offices and dental
professionals need to be familiar with the challenges these patients present [184].
Oral health is affected by many factors so dental professionals need to understand the oral
implications of obesity, including this population’s limited access to care.
In working with obese patients, dental professionals have to collaborate with bariatric
doctors. Dental professionals understand the link between oral and systemic health and, thus,
all patients considering bariatric surgery should have their oral health status checked before
and after bariatric surgery. Oral health also plays a role in surgical outcomes so an operative
oral health assessment before and after surgery is critical. The pre-operative assessment
survey documents the patient’s oral health status and notes any conditions that may affect the
surgery. Patients preparing for surgery may present with dental caries, periodontal disease,
xerostomia, or oral conditions related to eating disorders. The assessment is important in
determining the timeline for surgery, as well as helping insure that the surgery has every
chance of producing the desired outcomes.

Oral Adverse Effects of Bariatric Surgery.
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The oral health assessment survey screens for dental diseases and determines the patient’s
ability to chew post-operatively. If the assessment indicates poor oral health, the patient
should be referred to a dentist for appropriate treatment prior to surgery. The results of the
assessment can also be used by the anesthesiologist to prevent dental injuries that may occur
during surgical operation. The dental professional can use the assessment inventory to
promote post-operative compliance and impact the surgical outcome for the bariatric patient.
If the patient reports post-operative problems with side effects from food intake, the screening
can be repeated to determine if oral diseases have been treated or if other complications exist
affecting the ability to masticate and swallow food.
Another factor that must be taken into consideration is the reduced access of obese
individuals in dental care due to lack of transportation and logistical problems. Dental
treatment chairs do not support the weight of a patient with a BMI of 40 or more and the
supine position required for care is not conducive to adequate respiration or comfort for the
morbidly obese [185].
Because the prevalence of extreme obesity continues to increase in, the likelihood that a
dental health professional will provide care for patients with a history of bariatric surgery will
increase, too [186].
Obese people should be referred to special dental centers that have experience and
engineering infrastructure such as transportation and special dental equipment to provide
dental services.
Bariatric Patient Pre-/Post-Operative
Oral Health Assessment Form
Patient Name: _____________________ Date:____________
Dentist:__________________________ ID No:___________
Bariatric Surgeon:__________________________________
Anaesthesiologist:___________________________________
Preoperative Alerts:_________________________________
___________________________________________________
____________________________________________________
Please examine the oral cavity with a dental mirror, explorer and probe and
with a light source and interview the patient concerning the following:
YES
Does report patient chewing problems?
Does report patient mouth/facial pain?
If patient has natural teeth, complete the following section:
a. Has patient obvious crown caries?
b. Has patient obvious root caries?
c. Has patient broken tooth/teeth?
d. Has patient a loose tooth/teeth?
e. Has patient calculus(tartar) on the lingual surfaces of the anterior teeth?
f. Has patient calculus(tartar) on the buccal surface of maxillary molars?
g. Has patient inflamed or bleeding gingivae?
h. Has patient periodontal pockets deeper than 3 mm?
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i.
j.
k.
l.
m.
n.

Has patient halitosis(bad breath)?
Has patient a grey pseudomembrane?
Has patient thick saliva, full of bubbles?
Has patient dry mouth?
Has patient eroded tooth/teeth?
Has patient conservative restorations, such as fillings that appeared
higher than the chewing surface of the teeth?
o. Is patient palate red and irritated?
If patient has fixed prosthetic restoration(crown, bridge),
complete the following section:
a. Has patient obvious root caries(underneath the cervical limits of
restorations)?
b. Has patient a problem with fixed restoration such as chipped, broken,
loose, uncleanable or missing?
If patient has artificial teeth(partial/complete denture),complete the
following section(remove the appliance before the examination):
a. Has patient abnormal oral tissue(ulcers, sores, masses, thrush)?
b. Has patient a problem with partial or complete denture?
NOTE: If any answers are “YES” the patient should be referred to a dental
professional (specialist or not) for further examination and treatment prior
the bariatric surgery.
Referral Date:___________________________________
Dentist’s Name/Facility:_____________________________
Contact Information:______________________________
Comments:________________________________________
_________________________________________________
_________________________________________________

However, as the patient’s body mass decreases after bariatric surgery and the ergonomic
ability to obtain dental care increases, self-esteem and the desire for good self-care develops,
which encourages patients to seek restorative, cosmetic, and preventive dental care.
Health care providers have only recently begun to address the unique needs of the
morbidly obese and dental professionals have an important role to play on the bariatric
treatment team. The need for pre- and post-operative dental treatment planning is increasing
as the number of people seeking bariatric surgery grows. This population’s access to oral
health care also needs to be increased. Finally, seminars discussing the impact of poor oral
health on surgery outcomes and the importance of including a dental health professional on
the bariatric treatment team should be developed and presented to bariatric surgery teams
[187].
The patient’s medical management should be assessed regularly and modified
appropriately after surgery because decreased energy intake alone, in addition to weight loss,
can rapidly affect medical conditions associated with obesity.
To address the many changing dental needs of patients after bariatric surgery, dental
professional should assume the overall medical care while working in close collaboration
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with the bariatric medical team. Dental professional begin to educate patients pre-operatively
and continue their instruction postoperatively.

Dental Follow-up Frequency
We recommend dental evaluations 3 to 4 weeks after surgery, then quarterly for 1 year
and annually thereafter or according to the patient’s dental needs.
During this re-examination, the dentist will review oral health documenting potential
problems, compared with the preoperative state, and will proceed to restore them. It will also
inform the patient and emphasize the importance of keeping good oral hygiene. The dentist
may need to reassess the type of suggested oral hygiene measures.
In collaboration with the dietitian/nutritionist of the bariatric team will also highlight the
importance of selecting appropriate foods, consumption of which promotes oral health.
Obtaining a clinical history is important because persistent nausea, vomiting, diarrhea, or
abdominal pain requires evaluation by a physician. These conditions affect total oral health
and should take the necessary measures to overcome them.
Oral health recommendations are based on dental post-surgery assessment and should
focus on oral hygiene and diet. Rapid weight loss can lead to dehydration. Nausea and
occasional vomiting are common in the early post-operative course.
Consuming liquids (water, not acid sugar free fruit juices and milk) for hydration
between meals may help avoid common gastrointestinal (GI) symptoms and oral soft tissue
dehydration. Attention should be directed toward minimizing unplanned snacking which
adversely affects oral health by promoting tooth decay.
Patients should be continually reminded that the primary focus should be healthy
lifestyle. medical and dental outcomes rather than weight loss or body weight alone.
The dentist should investigate potential problems of the oral cavity due to certain drugs
administered postoperatively to treat certain post-surgical complications, such as NSAID's
whose use can cause the creation of oral ulcers.
Additionally, the dental professional as a member of the medical bariatric team should be
aware of the deficiency of nutrients such as iron, calcium, water soluble and fat soluble
vitamins and trace elements minerals as zinc.
The Greek philosopher Aristotle said, ". . the alteration of the body causes deterioration
of the soul. " The opposite is also true. Because obese patients also develop psychological
problems, the dentist must be in collaboration with the psychologists of the bariatric team.
This collaboration will allow the identification of possible psychological problems that affect
oral health and early treatment of these problems.

Conclusion



Bariatric surgery is an important tool in the treatment of extreme obesity.
Because the prevalence of extreme obesity continues to increase in the United States,
the likelihood that a dental health professional will provide care for patients with a
history of bariatric surgery will increase too.
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Bariatric patients are at an increased risk for dental caries due to a smaller stomach
volume and the need for smaller, more frequent meals/snacks throughout the day.
Bariatric patients are at an increased risk for dehydration and lactose intolerance that
also contribute to caries activity due to the occurrence of xerostomia and reduced
exposure to anticariogenic factors in milk.
Due to poor bibliography, more research is needed with an adequate sample size and
controls for multiple risk factors to gain a better understanding of the relationship
between recommended meal patterns for bariatric patients and dental caries risk.
Supportive evidence would stress the need for more preventive dental care among
bariatric patients.
Preoperative nutritional counseling and oral hygiene instruction may prove especially
beneficial in helping to reduce the risk of dental caries.
The delivery of preventive care to help the patient maintain a healthy dentition and
good chewing function is especially important in a population already at nutritional
risk.
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The medical team needs to relate to potential dental problems after bariatric surgery,
and to supply their patients with the appropriate information.
Instruction regarding oral hygiene maintenance, healthy diet patterns and regular
dental health monitoring by a dentist or dental hygienist are of paramount
importance.
Subsequently, there is a need to better understand oral health implications associated
with bariatric surgery.
A comprehensive and team approach provides the best care to this group of patients.
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Abstract
The part nutrition plays is seen as a vital component for managing post-operative
bariatric surgery patients. Nutritional therapy must encompass relevant aspects in weight
loss, as well as contribute to maintaining long-term nutritional status. Nutritional care
after bariatric surgery does have particular details employed to achieve certain goals. The
assessment and monitoring of nutritional status in the postoperative period follows a
routine which should occur in an individualized, and prophylactic way for maintaining
the health of these patients. In the first postoperative month the use of a multiphase diet is
encouraged by many surgical weight loss programs. The role of nutritional education in
bariatric surgery continues through the following months as an instrument used to
improve the surgical outcome, weight loss and the maintenance of weight loss in the long
term. The assessment of weight loss must be carried out every month. In terms of excess
weight loss, 70% is expected in the end of the first year. In addition to weight loss and the
rate at which it occurs, the quality of weight loss must be monitored. One year after the
surgery, patients may be close to a healthy weight. The rate of weight loss and/or weight
stabilization has diminished. Two years after the surgery, some patients may present a
small weight regain. Nutritional education and advice on how to cut and chew food,
along with other eating behavior habits must be given to patients early in the preoperative
period to avoid food intolerance. There is a tendency in looking for easy-to-swallow
foods instead of protein foods. This may lead the patient to an extensive loss of lean mass
and to nutritional deficiencies. Concerning protein consumption, related to bariatric
surgery, a minimum of 60 grams per day is recommended. Also, Bariatric patients should
consume a low glycemic load diet. Poly-vitamins and polyminerals are routinely
prescribed due to three important factors: change in the absorption site, intake restriction
and lesser contact of foods with digestive enzymes. Calcium supplementation must be
carried out by the use of calcium citrate. Iron supplementation must be carried out in the
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form of iron with chelated amino acid or in the form of iron fumarate. Nutritional support
is indispensable so that this tool may be used successfully, with the aim to achieve a
healthy weight loss and maintenance.

1. Introduction
Morbid obesity is a refractory disease related to diets and medication, but which usually
responds well to bariatric surgery [1]. Currently, surgical treatment for obesity is divided into
two large groups: restrictive surgeries and mixed surgeries, which associate restriction with
more or less malabsorptive components [2]. Exclusively malabsorptive surgeries have been
abandoned since the 1970s due to high incidence of long-term metabolic and nutritional
complications. In the postoperative period, weight loss occurs up to approximately 12 to 18
months after surgery [1]. The consensus about the success criteria is linked to the loss and
maintenance of at least 50% of excess weight [3]. Weight loss brings about an improvement
in the quality of life of individuals and an improvement or cure of obesity-related comorbidities. Malnutrition is a risk factor associated with all bariatric procedures [2,4,5]. The
consumption restriction imposed by surgical procedures has as consequence a reduced
caloric, and macro- and micronutrient intake. The risk of nutritional deficiency varies
depending on the degree of restriction or malabsorption brought about by the surgery, as well
as on the specific area of the intestine excluded from the digestion process. Besides that, the
obese population has a risk factor of being malnourished even prior to bariatric surgery. Four
important reasons lead to this condition among the obese population: 1) They usually
consume a high caloric diet with a low level of nutrients; 2) They present high prevalence of
Eating Disorders (ED); 3) They frequently follow yo-yo diets and fad diets and 4) They
present high prevalence of co-morbidities which can lead to a high oxidative stress.
It is essential that any preexisting nutritional deficiency be determined, that an
appropriate dietary intervention be elaborated for correction and that an eating plan be created
in the postoperative period to help the patient achieve success of the surgery. Anthropometric
and biochemical evaluation, prescription of supplemental vitamins, minerals and protein and
guidance about the appropriate dietary intake form part of nutritional monitoring in the
postoperative period [4]. Thus, the part nutrition plays is seen as a vital component for
managing post-operative patients [4]. Nutritional therapy related to bariatric surgery must
encompass relevant aspects in weight loss, as well as contribute to maintaining long-term
nutritional status.

2. Assessment and Monitoring
of Nutritional Status
The assessment and monitoring of nutritional status in the postoperative period follows a
routine which should occur in an individualized, and prophylactic way for maintaining the
health of these patients. This routine includes appointments with professional dieticians,
during which anthropometric, evaluations will be made, i. e., measurements of weight and
height, calculation of BMI and of the percentage of excess weight lost along with the
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assessment of quality weight loss by measuring body composition and assessing, related
metabolic and biochemical aspects.
Table 1. Recommendations regarding the frequency of nutritional counseling and the
frequency and types of biochemical tests to be carried out during the years after surgery
Type of Nutritional monitoring
Appointments with the dietitian
First six months
- With nutritional or metabolic co-morbidities
- Without nutritional or metabolic comorbidities
Second semester
- With nutritional or metabolic co-morbidities
- Without nutritional or metabolic comorbidities
Second year
- With nutritional or metabolic co-morbidities
- Without nutritional or metabolic comorbidities
Thereafter
Biochemical exams
- Complete Blood count: platelets
- Electrolytes
- Glucose in fasting period
- Ferritin, transferrin and serum iron
- Vitamin B12
- Liver Function
- Protein (total and fractions)
- Serum vitamin A
- Ionic calcium
- Serum magnesium
- Creatinine
- Urea
- Serum Zinc
- 25-hydroxyvitamin D
Optionall:

Recommended frequency

Once every 30-60 days
Once every 30-60 days
Every 3 – 6 months
Only once
Every six months
Every six months
Annually
During the first year: once or twice a
semester.
Thereafter: Annually
Dual-energy x-ray absorptiometry should be
performed annually to monitor bone density.

- Intact PTH
- Thiamine
- RBC folate
Source: Rhode and MacLean (2000) [10] and Heber et al. (2010) [5].
PTH = parathyroid hormone; RBC = red blood cell.

Table 1 shows the recommendation on the frequency of appointments and biochemical
tests that should be carried out during the years after surgery. Bioimpedance analysis is a fast,
noninvasive, and relatively cheap method for assessing body composition. A low-level
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electrical current passes through the patient’s body, and impedance (opposition to the flow of
current) is measured with a bioimpedance analyzer. There are validated formulas for
assessing body composition in obese patients [6]. Such an assessment must be made starting
from the first phase of evaluation, so the evolution of weight loss quality can be followed.
Another good device to evaluate body composition is DXA, very precise but more
expensive than Bioelectrical impedance. Another exam that may be used, in the postoperative moment is indirect calorimetry (IC), to evaluate the resting metabolic rate (RMR).
The RMR value is positively related to the amount of lean mass and its increase is related to a
lower possibility of weight regain [7]. In cases when the professional doesn´t have IC
available to measure RMR, Mifflin´s formula can be used with good results.

3. Postoperative – 1st Month (RYGB)
Nutritional care after bariatric surgery does have particular details employed to achieve
certain goals: to ensure adequate energy intake and nutrients required to support tissue
healing after surgery; to support the preservation of lean body mass during extreme weight
loss; to minimize reflux, early satiety, and dumping syndrome while maximizing weight loss
and, ultimately, weight maintenance [4]. The diet in this first fifteen days must be of liquid
consistency in order not to disrupt the healing period, which requires the protection of
anastomoses’ integrity [2, 6]. It is important to maintain relative gastric rest. Any solids or
larger pieces of food may increase the intragastric pressure, which increases the tension in
surgical anastomoses. There are two stages of liquid diets. Table 2 shows these stages with
their respective characteristics. The use of straws for consuming liquids should be avoided in
all stages since this habit favors aerophagia and worsens the occurrence of gas in the
postoperative period, in which the patient may experience gas as a result of air inflated by the
surgeon into the torso to provide greater mobility within the abdomen in cases of laparoscopic
surgery. After RYGB, the new gastric pouch holds up to 20 ml to 30 ml [8]. In the first and
second day (first stage), the diet to be prescribed must be a clear liquid diet, left to the
surgeon’s discretion. The patient is, thus, guided to consume small, frequent sips of liquids
(20 ml every 3 minutes). Liquids allowed are: water, teas, coconut water, isotonic drinks, diet
or light gelatin and strained soup broth. The patient must avoid drinks with some sort of
secretagogue — such as mate tea, black tea, chocolate flavored drinks and coffee — since
they increase the production of stomach acid, which could disrupt a relative gastric rest that is
important for healing. It is important that the patient consume two liters of liquids every day,
being one of water and one of other liquids, thus avoiding dehydration. Extreme
temperatures—i. e. very hot or very cold liquids—are not well tolerated. After two days
(second stage), the diet must be a full liquid diet with two oral supplements included: one of
vitamins and minerals and the other of proteins. The goal is to avoid precocious nutritional
deficiencies and/or extensive loss of lean mass. Since the use of pills must be avoided in the
first two months, the poly-vitamin supplement prescribed in this stage must be in liquid or
chewable form and the protein supplement must be dissolved in water, milk or soy extract
without sugar. Soy extract is preferred to skim milk because patients may develop lactose
intolerance, abdominal distension and flatulence in the first post-operative month. Liquids
should be without sugar to prevent the occurrence of dumping syndrome. In this stage the
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patient can include milk and alternatives, artificially sweetened yogurt, strained cream soups,
cream cereals, and sugar-free puddings.
Table 2. Liquid and pureed diet stages in the 1st postoperative month with respective
duration and characteristics
Period
First stage

Type of diet and duration
Clear liquid
Duration: 1-2 days

Second stage

Full liquid
Duration: 10-14 days

Third stage

Pureed diet
Duration:10- 14 days

Characteristics
Composed of clear liquids. Includes: water, teas
without caffeine, coconut water, isotonic
drinks, diet or light gelatin, and strained soup
broth.
Milk and alternatives, artificially sweetened
yogurt, strained cream soups, cream cereals,
and sugar-free puddings and protein supplement
dissolved in water or soy extract without sugar.
Scrambled eggs and egg substitute, pureed
meat, flaked fish and meat alternatives, pureed
fruits and vegetables, soft cheeses, and hot
cereal.

The consumption of water, coconut water, teas, and isotonic drinks is maintained. In this
stage , the patient can begin to control the size of each sip, which must remain small, and its
frequency. It is important, though, to achieve a minimum of at least two liters of total liquids
and always to seek to increase water consumption in order to avoid dehydration. A daily polyvitamin supplement that meets the Dietary Reference Intake (DRI) should be used. A
nutritional deficiency of complex B vitamins may occur, mainly of thiamin after ten days
postoperative [9]. Therefore, at this moment, complex B vitamins are also prescribed in a
liquid form—100 times the Recommended Dietary Allowance (RDA) [10]. Protein in form of
food supplement must be prescribed to be taken at least once a day, supplying 10 grams of
protein at least. There are several types of supplement in the market and the nutritionist must
calculate the quantity of powder to be dissolved daily. After an average of two weeks postsurgery, is prescribed a pureed diet (third stage). This phase consists of foods that have been
blended or liquefied with adequate fluid, resulting in foods that range from milkshake to
pudding to mash potato consistency. In addition, foods, such as scrambled eggs and canned
fish (tuna or salmon), can be incorporated into the diet [4]. However, the pureed diet has
some disadvantages that we should consider: in cases where the patient becomes used to
having puree-like food after one month post-op, this habit does not teach the patient to chew
efficiently. The introduction of meat and raw vegetables is harder in this case. And besides
that, these foods do not help in the sensation of satiety and can present a high caloric value,
which could be detrimental to weight loss. Table 2 shows the duration of each phase of this
routine. After one month patients should be encouraged to eat solid food, which can
contribute to satiety sensation.
In cases of patients submitted to gastric banding, a restrictive procedure, the diet
evolution is faster than the one described above, which is usually applied to patients
submitted to Roux-en-Y Gastric Bypass (RYGB). The sample liquid phase is not necessary,
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the clear liquid stage has a duration of 2 days, the full liquid stage must last 13 days and,
thereafter, the patient starts a diet with solid foods.
Some surgical weight loss programs present other types of consistency evolution in the
first postoperative month. Some services suggest 1 month of liquid diet. To sum up, there are
different ways of prescribing a diet after bariatric surgery. However, the use of a multiphase
diet is encouraged by many surgical weight loss programs [4].

4. Postoperative between 2nd and 12th Months
(RYGB)
The role of nutritional education in bariatric surgery continues through the following
months as an instrument used to improve the surgical outcome, weight loss and the
maintenance of weight loss in the long term [4]. It is known that frequent nutritional
assessment and dietary management has correlated significantly with the success of the
surgery [11].
Thus, the nutritional follow-up must include a routine of:









Food intake analysis (emphasis on the quantity of daily proteins).
Analysis of percentage of excess weight loss.
Analysis of quality of weight loss (lean mass x body fat).
Clinical-nutritional exams (signs and symptoms of nutritional deficiencies).
Analysis of possible surgical complications related to food intake (dumping, food
being cramped, vomiting, reflux. ).
Prescription of daily vitamin and mineral supplementation.
Protein supplementation.
Lab tests must be solicited every three months.

Solid foods are included in the diet after one month postoperative, in cases of RYGB
procedure [12]. The food volume consumed reaches 50 to 80 grams and increases gradually.
In the first 15 days of solid food consumption, the preparations with drier, hard meats (such as
beef jerky) and insoluble fiber (raw salad and fruit peels) should be avoided. Oil must be
restricted to 1 tablespoon a day in this period. This phase allows the intake of foods which
will theoretically pass easily from the gastric pouch through the gastrojejunostomy into the
jejunum or through the adjustable gastric band [4].
After this adaptation period, all foods are allowed, following the orientations of a healthy
post-bariatric diet: Promote anti-obesity foods containing omega-3 fatty acids; high fiber; lean
quality protein sources; whole fruits and vegetables; foods rich in phytochemicals and
antioxidants; and low-fat dairy (calcium). Dietitians must also discourage pro-obesity
processed foods containing refined carbohydrates as well as trans and saturated fatty acids [4,
13, 14]. During the second post-operative month, patients must maintain the poly-vitamin
supplement and they should increase their protein supplement to a level of 20 grams a day.
In the sixth month, the patient consumes around 120 to 200 grams per meal, taking more
than 20 minutes for each. By the end of the first year, most patients consume around 200 to
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250 grams per meal. In general, intake revolves around 1,000 kcal in the first year [15]. The
quantity of foods consumed depends on the duration of the meal, on chewing, on the
consistency of food—liquid and pasty foods empty the gastric pouch faster—and on the type
of food—those foods that crumble in the mouth are more rapidly consumed (crackers,
peanuts, cashew nuts, etc.).

Weight Loss during the First Postoperative Year
The results of weight loss after bariatric surgery are to be expressed in percentage of
excess weight loss [16]. The assessment of weight loss must be carried out every month. In
terms of excess weight loss, 20% is expected in the 1st month, 30% in the 2nd, 50% in the 6th,
and 70% by the end of the first year.
Most patients have unreal expectations concerning weight loss in the postoperative period
[17]. In general, they expect to lose more weight than desirable. The first step is to demystify
the treatment. For that reason, precise, clearly founded information on the treatment must be
provided, stressing that there is no “magic;” the success in the loss of excess weight and
maintenance of healthy weight requires behavioral changes that contribute to a reasonable
weight, one which is compatible with reality.
In addition to weight loss and the rate at which it occurs, the quality of weight loss must
be monitored. A patient is expected to lose up to 80% of body fat and 20% of lean mass.
When the patient loses more than 20% of lean mass, it may be an indicator of malnutrition.
The patient may recover lost lean mass in this first year through a hyperproteic diet (usually
based on protein supplements) and regular physical activity. Since weight loss in this period
is fast and calorie intake is low, protein supplementation in this first year is mandatory.

5. Orientations of How to Optimize Food Intake
Nutritional education and advice on how to cut and chew food, along with other eating
behavior habits must be given to patients early in the preoperative period to avoid food
intolerance. A classic example is meat intake, that requires a lot of chewing and special cuts,
i. e., in small pieces and against the fiber, so that the meat can be well chewed and swallowed.
All patients undergoing RYGB must receive orientation for efficient chewing. The
patient must take more than 30 minutes in each meal [8] and chew foods exhaustively—20 to
25 times for each bite. In order to reduce the food intake speed, patients must be oriented
using techniques having cognitive and behavioral bases, such as resting flatware between
bites. Vomiting may occur due to lack of time for an efficient chewing and is one of the ten
most common nutritional complications after bariatric surgery [18]. Patients must be advised
not to drink any liquid during meals and to chew every piece of food exhaustively, efficiently
and slowly [18, 19]. They must also avoid placing a large amount of food in the mouth at the
same time. If the patients prefer, they are also encouraged to make use of dessert flatware
during meals.
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6. Macronutrient Intake
Protein - Due to a necessary adaptation to chewing efficiency and gastric capacity, a
stage of low protein intake occurs in the first postoperative year [15]. In this stage, the
nutritionist must make an effort towards teaching the patient to consume the proper daily
quantity of protein, in association with the protein supplement intake, to reach protein
requirements [15]. There is a tendency in looking for easy-to-swallow foods (pasta, crackers,
purees, juices) instead of protein foods. This may lead the patient to an extensive loss of lean
mass and to nutritional deficiencies, usually manifested as anemia and alopecia. A greater
loss of lean mass may influence weight loss, since a reasonable quantity of muscle favors
higher energy expenditure. It is known that 500 grams of muscle “burn” 40 kcal and 500
grams of fat “burn” 6 kcal. A 5 kg lean mass loss reflects a reduction of 400 kcal in the basal
energy expenditure and a 5 kg fat loss reflects a 72 kcal reduction in the basal energy
expenditure of an individual.
Concerning protein consumption, related to bariatric surgery, a minimum consumption of
60 grams per day is recommended [5, 8, 20], and the ideal values are 80 grams per day for
women and 100 grams per day for men21. There is also a recommendation based on body
weight of 1. 5 grams of protein per ideal body weight [15]. We must emphasize the
consumption of proteins of high biological value (animal origin proteins), since due to the
gastric restriction, foods that contain all essential amino acids in a small portion are to be
prioritized [20]. Patients must be oriented to consume first animal protein. Thereafter, they
consume cereals, grains, fruits and vegetables. The emphasis on food consumption is no
longer on caloric value, but on the quantity of protein and quality of the menu. A protein rich
diet helps by inducing satiety, stimulating weight loss, improving body composition,
maintaining FFM, regulating blood glucose levels, and reducing the level of serum
triglycerides [20].
Carbohydrates and Fats - Recently, Moize et al. (2010) [22], proposed a food pyramid
model for bariatric surgery, in which a carbohydrates (CHO) intake of between 40-45% of
daily Total Energy Intake (TEI) was recommended. Considering their caloric intake, such a
recommendation represents an absolute CHO value of between 100 to 130g/d, adhering to the
minimum amount recommended by the DRI [23] and American Diabetes Association (ADA)
[24].
Another important factor related to CHO intake is the glycemic index of foods and
glycemic load (GL) of meals, since these variables can hinder weight loss of RYGB patients
in a later postoperative period [25]. These findings highlight the importance not only of the
quantity, but also the quality of CHO to be consumed by the bariatric population.
Considering that patients, six months after surgery, can ingest, on average, 850 kcal / day
[26, 27] and following the recommendation of a minimum of 60g of protein per day [5, 8,
20], they should consume about 40-45% of CHO, which represents an average consumption
of 90 grams.
After the first year, when TEI nears 1300 kcal/day [13, 27], protein consumption levels
should be increased. We can, therefore, establish that 40% of their diet should be supplied by
CHO, reflecting a diet of nearly 120 g /d of CHO. Also, bariatric patients should consume a
low GL diet.
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As for fat, considering the priority of protein consumption and the care related to CHO
consumption, recommendations related to fat must complete the remainder of calories
supplied by these macronutrients. Findings in the literature show that RYGB patients usually
consume about 30% of lipids [13, 27]. This usual level of consumption is seen to be suitable,
since the recommended protein intake would supply 30% and CHO would supply 40% of
TEI, as recommended in the preceding paragraphs.

7. Micronutrient Supplementation
Poly-vitamins and polyminerals are routinely prescribed due to three important factors:
change in the absorption site, intake restriction—which leads to lesser consumption of foods
and consequent reduction in nutrient intake—and lesser contact of foods with digestive
enzymes, which also leads to malabsorption of vitamins and minerals, as shown in figure 1.
Vitamin B12 is administered in a 100 µg to 350 µg daily dose of crystalline B12 taken
orally or in three doses of 5,000 µg every six months or 1000 µg every month taken
intramuscularly [4, 10]. This via is preferred because RYGB patients have a significant
decrease of hydrochloric acid production and pepsinogen which is necessary for the pepsin
production and the release of vitamin B12 from protein. Moreover, they have decreased
availability of intrinsic factor, which is necessary to absorb vitamin B12 in the terminal ileum
[4]. It is known that daily intake of a poly-vitamin and polymineral that meet 200% of DRI
corrects most nutritional deficiencies, except for those that had their absorption site changed.
These need exceeded doses [10] and need a supplementation apart. Table 3 shows
recommended supplementation for bariatric patients. Calcium supplementation must be
carried out by the use of calcium citrate and its doses must be divided twice a day (i. e. 750
mg twice a day). This supplementation should be divided twice a day to avoid the occurrence
of kidney stones. A dose of vitamin D3 (800 UI daily) should be added.

Source: Rhode, 2000 [10].
Figure 1. Causes of nutritional deficiency in the postoperative period of bariatric surgery.
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Table 3. Nutrient supplementation after bariatric surgery
Nutrient
Multivitamin-mineral
supplement
B12

AGB
100% of DRI

RYGB
200% of DRI/d

Comment

-

1000 μg/m
350-500μg/d

Intramuscular injection
Oral tablet (crystalline
form)

B complex
Calcium

B-50 dosage/d
1500mg

B-50 dosage/d
1500-2000mg/d

Vitamin D3
Iron

-

Vit. C
Fat soluble vitamin
B1

-

800UI/d
50000UI/w
18-27mg/d
50-100mg/d
(menstruating women)
500mg
150-300mg/d
20-30mg/d
50-100mg/d

Essential fatty acids

1g/d

1g/d

(calcium citrate with
vitamin D3)
In cases of deficiency
Elemental iron. To be taken
with a vitamin C
supplement
With iron supplement
Fumarate
Oral doses. Early
neuropathy
Intravenous. Protracted
vomiting
In the form of flaxseed oil

Source: Rhode and MacLean (2000) [10]; Aills et al. (2008) [4].

Table 4. Signs and symptoms related to nutritional deficiency
in bariatric surgery patients
Body
region
Hair

Signs and symptoms

Related nutrients

Loss of gloss, dryness, brittleness, easily plucked

Protein and Zinc

Face

Nasolabial seborrhea, facial edema

B2, Iron and Protein

Eyes

Conjunctival pallor

Iron

Tongue

Glossitis, magenta tongue, atrophy of the papillae

B2, B3, B12

Nails

Koilonychias, brittleness

Iron

Nervous
system

Psychomotor changes, formication of hands and feet

B1, B6 and B12

Adapted from: Duarte, 2002.

In cases of vitamin D deficiency, 50,000 IU ergocalciferol should be taken orally, once
weekly, for 8 weeks [4]. In women of fertile age, ferritin levels must not continue below40
µg/dl [12]. Iron supplementation must be carried out in the form of iron with chelated amino
acid or in the form of iron fumarate to enhance the absorption in the absence of hydrochloric
acid.
The intake must reach 10 times the Recommended Dietary Allowance (RDA) (150
mg/day), and can reach up to 300 mg/day in the cases of iron deficiency. The concurrent
intake of vitamin C (500 mg/day) helps in the absorption of this mineral. In the case of ferritin
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levels below 10 µg/dl, it may be necessary to prescribe intravenous supplementation of iron.
Moreover, the nutritionist must pay attention to signs and symptoms of nutritional
deficiencies and also to the quality of weight loss (fat and lean mass).
Table 4 shows the main signs and symptoms of nutritional deficiencies found in bariatric
surgery patients during the postoperative period. Lab tests in the first year are important
instruments for monitoring the nutritional status. They must be done every three months and
must include CBC, protein (total and fractions), transferrin, ferritin, serum iron,
parathormone, serum vitamin A, serum 1. 25 cholecalciferol, serum vitamin B1, serum
vitamin B12, ionic calcium, serum magnesium, serum zinc, urea, creatinine, and glycaemia
[10] (Table 1).

8. Nutritional Complications
after Bariatric Surgery
Hair loss - A common complaint among patients in the first postoperative year is
alopecia. It usually occurs after the third postoperative month and may be associated with
deficiency of protein, iron, vitamin A, zinc, selenium, essential fatty acids, and biotin [28].
Protein intake must be monitored and supplementation for zinc, selenium, and vitamin A
must be given in order to achieve bariatric requirements (200% of DRI)4. Essential fatty acids
supplementation must be carried out with one capsule of flaxseed oil taken daily [10]. Biotin
supplementation must be carried out through a daily dose of 2. 5 mg [28].
Dumping Syndrome - Moreover, people with preference for sweets, who have undergone
RYGB may more frequently present the dumping syndrome, which is defined as a series of
symptoms — sweating, tachycardia, tremors, diarrhea — which may occur after consumption
of highly caloric meals. In surgeries with a higher malabsorptive component (Scopinaro or
Duodenal-Switch), patients may present unsatisfactory weight loss.
Therefore, to avoid dumping syndrome, patients should avoid sugar intake, have frequent
and small meals with a low glycemic index and have an adequate fiber intake. The soluble
fiber form gels with carbohydrates, delay glucose absorption and prolong the intestinal transit
time.
There is also the case of late postprandial dumping, occurring with reactive hypoglycemia due to the large amount of insulin released. To avoid it, hypoglycemic foods, such
as those high in caffeine (tea, coffee and soft drinks) as well as wine, beer and alcoholic
beverages, in general should be avoided [18, 29].

9. Long-Term Postoperative Procedures –
After 12 Months Postoperative (RYGB)
One year after the surgery, patients may be close to a healthy weight. The rate of weight
loss and/or weight stabilization has diminished. According to a meta-analysis on results of
bariatric surgery, RYGB patients showed an average excess weight loss (EWL) of 61. 6% up
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to 2 years after the surgery1. It is, therefore, important to help patients to cultivate habits that
favor reaching or maintaining a healthy weight [31].
Two years after the surgery, some patients may present a small weight regain (2 kg to 7
kg). This condition may cause distress to some patients. The patient must be informed that
this small regain is normal and may be controlled with proper diet orientation and practice of
regular physical activity.
Possible causes of weight regain are: anatomical and physiological adaptations that take
place over time after the surgery (gastric pouch dilatation) causing part of the early satiation
triggered by the stomach’s reduced volume to be lost; inadequate eating habits (consumption
of highly caloric liquids and the presence of abnormal eating patterns, such as binge-eating
and snack-eating patterns); progressive increase in the diet’s total calorie intake.

Figure 2. Adaptation of the food pyramid for RYGB patients, one year after surgery.

A diet with low glycemic load, rich in protein food sources, fiber supplement (15g a day)
and dairy products (high calcium content) and omega-3 supplementation may prevent weight
regain and promote weight loss [18]. However, the literature shows that patients may not
tolerate well fibrous, dry and fatty foods (e. g., meat), and raw vegetables [31], which may
lead to a reduced protein and fiber intake.
Patients must not reduce the consumption of proteic foods, to avoid the risk of nutritional
deficiency. There is also a tendency for patients to consume large quantities of carbohydrates,
a behavior that is associated with minor sensation of satiety [30].
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It is estimated that a percentage of body fat, from 24% to 31% for women and from 16%
to 24% for men, is healthy for this population. A lesser percentage of lean mass is associated
to lesser energy expenditure, which makes it difficult to maintain weight in the long term.
Figure 2 shows an adaptation made of the pyramid published by the U. S. Department of
Agriculture (2005) [32]. It was an adaptation for post-bariatric patients. The main
modifications in the pyramid for the general population proposed here take into account the
fact that bariatric patients require more proteins, regular use of vitamin, mineral and protein
supplementation, and a limitation imposed by gastric restriction concerning food intake [8].
Figure 2 shows food consumption in household measures and the sum, in grams, of foods
in each group. The patients must meet with their nutritionist every three months and the
routine blood tests must be carried out every six months as of the second postoperative year.
In order to guide protein consumption, patients may be provided with a table of foods that
are a protein source of high biological value (animal protein: groups of meats and dairy
products). A portion of proteic food must contain at least 7 to 10 grams of protein. This table
may be calculated and provided to the patient aiming to facilitate the intake of daily protein
quota. Patients themselves may calculate how many portions they have consumed and
whether it is necessary to take a protein supplement each day. Average protein intake among
RYGB patients one year after surgery ranges from 50 to 60 grams a day. If a patient
consumes 2 slices of cheese (30 g), 1 pot of yoghurt (200 ml), 1 medium steak (100 g), and 1
boiled egg (60 g), this patient will have consumed 53 grams of protein. Since the ideal is 80–
100 grams every day, this patient must take some supplement that will provide the necessary
amount of protein so the proper intake of this nutrient is reached. The nutritionist must help
their patients in choosing the supplement (form and flavor) and the recommended daily dose.

10. Abnormal Eating Patterns
It is common to find some sort of change in the eating patterns among patients after
bariatric surgery. This fact may be related to the deliberate use of fad diets, to the use of
medications and formulas for weight loss, as well as to environmental and genetic factors.
Among the obese population, there is prevalence of change in the eating patterns reaching
from 65% to 85%.
There is no consensus but some papers show that the eating patterns may interfere in
weight loss in the postoperative period. After bariatric surgery, patients generally improve
their eating habits (increasing the number of meals, reducing the consumption of snacks,
increasing the consumption of meals of low caloric value and decreasing their "nibbling"
between meals), however, over time, poor eating habits can appear again [33].
We know the snack-eating pattern may present slower or unsatisfactory weight loss when
compared to a normal eating pattern [34]. This occurs because the snack-eating pattern
presents higher calorie intake, due to the consumption of foods that do provide satiety,
reaching almost two times the energy intake of a person who presents a normal eating pattern
[30, 34]. This pattern is found, according to the literature, in an individual who consumes
salty snacks—crackers, packaged snack foods, peanuts—between meals, twice a week or
more, in portions that add up to 150 kcal or more [27].
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The cross-sectional study written by Larsen et al. [35] found that the prevalence of binge
eating (usually, more than two times a week, with a fast bulky intake of food and no
compensatory actions) was significantly lower in bariatric groups when compared with pre-op
groups. Scholtz et al. [36] found that subjects who developed an eating disorder (including
binge eating disorder - BED) postoperatively were more likely not to succeed after RYGB
surgery, presenting a loss of excess weight of less than 40%.

11. Surgeries with a Higher
Malabsorptive Component
In surgeries with a higher malabsorptive component, the evolution in the first
postoperative month follows the same pattern seen among RYGB patients, but since gastric
restriction is not so intense, the intake volume may be increased to 50 ml in the first days.
Due to the malabsorption, fits of diarrhea may occur, which are handled with a low-residue,
hypolipidic diet. The high consumption of greasy foods may increase the incidence of
diarrhea and flatulence. Larger fecal losses of protein, along with some vitamins and
minerals, occur [37]. Table 5 shows the daily absorption of calories, fats, nitrogen, and
calcium after Scopinaro surgery. Due to losses related to this type of operation, protein intake
in Scopinaro or Duodenal-Switch surgery patients must be higher than among those who
underwent RYGB surgery. The daily recommendation is at least 90 grams of protein [37].
Concerning calcium, a daily supplementation of 2 grams of calcium citrate must take place.
Excess weight loss in malabsorptive surgeries reaches 80% of this value in long term (more
than five postoperative years). Nutritional assessments and lab tests must be performed
following the same procedure as in RYGB. Vitamin and mineral supplementation must be
taken throughout the patient’s whole life [17].
Table 5. Consumption of calories, fats, nitrogen, and calcium and average daily
absorption in Scopinaro surgery patients
Nutrient
Calories in 24h
Fat (g/24h)
Nitrogen (g/24h)
Calcium (mg/24h)
Source: Scopinaro (2000) [37].

Average consumption
3,070
130
27
1,994

Average absorption
58%
28%
57%
26%

Conclusion
Bariatric surgery is the only efficient treatment for severe obesity nowadays. Nutritional
support is indispensable so that this tool may be used successfully, with the aim to achieve a
healthy weight loss. Nutritional follow-up in bariatric surgery must begin from the
preoperative period, contemplating changes in eating habits.
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Diet prescription should be personalized . Diet therapy adherence will depend on the
ability of the professional nutritionist to adapt recommendations related to bariatric surgery to
the individual’s lifestyle and preferences. The use of protein, vitamin and mineral
supplementation is essential in maintaining a healthy weight loss.
A fundamental dietary factor for healthy weight loss in bariatric surgery is a proper
consumption of proteins of high biological value. An inadequate protein intake is associated
with lean mass loss and malnutrition. These factors influence in long-term weight
maintenance and in the quality of life of these patients.
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Chapter XII

Bariatric and Metabolic
Revisionary Surgery
W. Konrad Karcz and Simon Kuesters
Centre for Obesity and Metabolic Surgery,
University of Freiburg, Germany

Abstract
The number of bariatric operations performed each year is growing continuously,
and it is to be assumed that this trend will continue in the coming years. Furthermore, we
will probably experience a lot of metabolic operations in the near future. Surgical
procedures for type II diabetes alone may lead to a dramatic extension of this field. In the
past, not all of our procedures for treating obesity were well chosen. Some of them were
not adequate for the patient needs, behaviour or metabolic disease. Over time, there has
been growing need for re-operations to improve outcome. We do not know how many
patients have undergone redo bariatric and metabolic surgery worldwide. Each clinic has
its own percentage of re-operations, and it is said to be between 2 and 20%. In our clinic,
there is a growing number of patients who need revisionary surgery due to poor weight
loss after the primary operation. Patients in need of redo bariatric surgery usually come to
a reference metabolic centre. The development and improvement of diagnostic
procedures and guidelines prior to redo surgery is still one of our main objectives. The
problem of choosing the right revisionary procedure and discussing it with the patient is
of highest importance.

Introduction
Primary bariatric operations are relatively safe; a meta analysis reports mortality rates of
0. 02-1% [1]. However, the re-operation rate has been as high as 56% in some series and
bariatric redo-operations are technically demanding [2]. The real number of reoperations is
not known. Revisionary operations within 30 days after primary surgery are mostly caused by
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technical problems and should be treated according to general surgical principals. It must be
mentioned that clinical diagnosis of in intra abdominal complications is more difficult in
obese patients. In case of any suspect early diagnosis using abdominal computed tomography
and if necessary diagnostic re-laparoscopy must be achieved. The most common indications
for late re-operation are metabolic indications: insufficient weight loss, weight regain or
recurrence of obesity-related comorbidities [2, 3]. Nevertheless, some patients come with
chronic abdominal symptoms like pain, symptoms of stenosis or dumping syndrome. Thirdly,
there is a group of patients that suffers from overly “effective” operation results, e. g. extreme
gastric restriction or malabsorption. In this chapter we present various options for redo
surgery and guidelines that should be considered when choosing the procedure.

Indications for Redo Surgery
Indications for revisionary operations can be divided into two categories: early and late
postoperative complications. The first group includes haemorrhage (intraluminal, intra
abdominal and others), suture insufficiency (pouch, remnant stomach, duodenum, intestine,
GEA, DIA, JJA and JIA), early herniations (mostly Littre`s hernia), ileus, primary implant
problems, wound infections, intra abdominal abscess etc. These complications should be
promptly and consistently solved according to general surgical principals. The second group
can be divided into three different clusters: implant-related, alimentary tract-related and
metabolic recurrence or aggravation-related problems.
Implant-related complications are directly associated with gastric banding, Endo Barrier,
rings and bandings [4-6]. The three most common problems associated with implants are
migration, dislocation and infection. Also common are port disorders in cases of adjustable
gastric banding [5].
Alimentary tract-related complications usually lead to general and unspecific symptoms
like: recurrent emesis, abdominal pain, pyrosis or diarrhoea. Correlating morphologic
diagnoses include stenosis (GEE, JJE), oesophageal dilatation, biliary or acid reflux,
ulcerations (pouch, remnant stomach, duodenum, GEA), bowel obstruction and others. The
most interesting group of late surgical complications includes appearance, recurrence or
persistence of metabolic disorders. Here we include inadequate weight loss, weight regain,
dumping syndrome [early and late], extensive malabsorption, problems related to
malabsorption of medication [7], persistence and recurrence of obesity-related diseases
(recurrence of isolated diabetes [insulin required, oral drugs required], recurrence of
metabolic syndrome or dyslipidemia, etc. ). Up to now, the most common cause for
reoperations following bariatric surgery is insufficient weight loss or weight regain. However,
the current changes and extension of indications for primary operations will probably lead to
changes of redo-surgery in this field [2, 3, 8-10].
We have identified several important indications for revisionary surgery after bariatric
and metabolic operations:



Emergency operations – according to general surgical principles.
Weight regain – more than 2 kg per month for longer than 3 months,
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Insufficient restriction – dilatation of GE, pouch or sleeve, dysfunction of lower
oesophageal sphincter, band slippage.
Insufficient weight control – BMI >40 kg/m2 2 years after the primary procedure.
Poor quality of life - BAROS Score < 3 with accordant complaints [11]
Recurrence or persistence of obesity-related diseases one year after primary surgery
intestinal tract-related problems.

Contraindications of Revisionary Surgery
Two main principals should be considered: patients without a follow up history ought to
undergo 3 to 6-month observation in a reference centre before redo surgery. Detailed
evaluation and adequate diagnostics performed in the reference centre are absolutely
necessary. In our opinion, contraindications for a redo procedure are: lack of full diagnostic
evaluation, lack of approval from the associated consultants on a metabolic board, lack of
sports activity and lack of compliance. We are also using practical metabolic redo principles:
avoid combining a strong restriction with malabsoption, do not reduce the gastric pouch
volume to fewer than 10 ml and do not shorten the common channel under 50 cm. Ignoring
these principles leads to late complications and further reoperations.

Diagnostics before Revision
The patient’s eating habits is one of the most important factors which should be evaluated
in detail. Eating protocols are very useful and should be analyzed by a professional dietician
and a psychologist specialized in eating disorders. All questions concerning volume and
frequency of meals are important for the surgeon, since they provide information about the
functional stomach volume. In practice, we use the so-called Pizza-question, which gives
approximate information about the gastric pouch volume. If the patient is able to eat more
than half of a medium pizza, the restriction is no longer sufficient. Other tests, like the cottage
cheese probe described by Flanagan are also useful [12]. The second important factor is the
patient’s physical activity which should be assessed with objective measurements, for
instance resting energy expenditure (REE) or calorimetry to objectify the muscle condition
[13]. Unfortunately, the information given by the patients is always subjective. Prior to a
revisionary operation, the surgeon needs objective and detailed information about the stomach
pouch volume. As a standard method, a two dimensional X-ray with contrast medium is used
to estimate the stomach pouch volume and its function [14-18].
However, the volume of the pouch is reduced to two dimensional areas which are
measured semi-quantitatively. Furthermore, images can often only be taken in one plane due
to the obese patient’s body dimensions. It is also possible that different parts of the stomach
pouch or sleeve are not placed in an optimal position – which results in an over-projection,
especially if the pouch or sleeve is voluminous. The development of the stomach pouch
volumetry using multislice computed tomography scans (MSCT) and special software for 3Drendering allows precise estimation of pouch and sleeve volumes and also evaluation of
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related anatomical structures [19]. It also allows exact measurement of anastomoses, their
shapes and positions after gastric bypass surgery (Figure 1).
This directly influences redo surgery. Furthermore, other pathologies like fistulas or
internal herniations can be evaluated.

Figure 1. 3D volume rendering reconstruction of abdominal MSCT showing a dilatation of the stomach
pouch (55cm3) and GE anastomosis (Diameter 4. 2 cm, area 12. 2cm2). Manual and semi-automatic
segmentation techniques are applied to show the pouch (orange), the Roux-limb (green), and the staple
sutures (white).

Another essential examination is upper endoscopy with morphological inspection of the
oesophagus, the lower oesophageal sphincter, the stomach pouch, anastomoses and the upper
intestine [20, 21]. All pathological changes should undergo histopathological inspection. The
Helicobacter pylori test (f. i. HUT) needs to be performed prior to each redo surgery
procedure [22].
There is another group of functional examinations that can deliver useful information:
Oesophageal and stomach pouch / sleeve 24h manometry, pH-metry and NMR Dynamic
Stomach Movement (NMR-DSM) are the most important ones [23-25]. The lower
oesophageal sphincter (LES) is responsible for keeping the pouch closed. After food enters
into the stomach, the region of the cardia is stretched, resulting in a feeling of satiety. An
insufficient LES is responsible for gastroesophageal reflux after sleeve gastrectomy, partly for
a lack of satiety as well as oesophagus dilatation after gastric banding, VBG, sleeve or bypass
procedures.
The peristaltic NMR-DMS is able to recognize the speed of stomach emptying and
peristaltic wave after sleeve gastrectomy and the function of the pylorus. In the future, these
examinations could influence the selection of the procedure if metabolic redo surgery is
needed [25]. Blood tests can objectify the patient’s response to oral vitamin and microelement
supplementation. Results should influence the selection of redo surgery.
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Redo Surgery Following Obsolete
Bariatric Operations
There are still patients who received jejunoileal bypasses (JIB) in the past and should
undergo redo surgery. In the past, we performed such revisions mainly in open technique. The
laparoscopic approach can be very difficult because of intestinal adhesions which can lead to
long operation time and intestinal lesions [26]. Almost all bariatric operations, from
physiological reconstruction to the Scopinaro-operation, were performed after JIB [27-30].
Concerning the choice of the revisionary operation, the patient’s BMI, the time of follow-up,
and individual patient needs ought to be considered. The most conservative option is to
transform the JIB into a BPD or BPD-DS. This can be done easily as an open procedure under
the following conditions: the patient has no diarrhoea, no hypoproteinemia, no liver disorder
and no deficiency of lipid-soluble vitamins. From the technical point of view, the procedure
itself could be performed as a hybrid operation with the upper part done laparoscopically at
the beginning (almost no adhesions there) and the intestinal part with open access through the
old cicatrix. In our opinion, the conversion should be performed if 20 min of laparoscopic
operation do not lead to progress.
The conventional proximal gastric bypass is a good option especially for patients with
malnutrition, severe flatulence and diarrhoea. Another popular procedure is the physiological
reconstruction of the intestine followed by sleeve gastrectomy to prevent weight regain.
Isolated reconstruction of the intestine was mostly done in patients with extreme
malabsorption.
Patients after Vertical Banded Gastroplasty (VBG) are still seen in clinical practice.
Today, the VBG is rarely performed due to disappointing long-term results and a variety of
alternative metabolic operations [2, 31]. Frequent complications with the band and the
vertical stapling line lead to a high re-operation rate after VBG [2, 32]. In the past, a common
redo operation was restapling of the vertical suture or the complete separation of the pouch
and remnant stomach with a GIA stapler. After VBG, we found two main groups of patients:
patients with strong restriction (vomiting more than once every day) and without any
restriction (mostly due to vertical stapling rupture and gastro-gastric fistula).
The anatomical and functional status of the stomach should be evaluated with
gastroscopy, contrast medium or if possible 3D MSCT. If the patient regains weight or in
cases of aggravation or recurrence of associated comorbidities, it might be necessary to
perform a conventional Roux-en-Y gastric Bypass (CRYGB) as a revisionary operation [2,
31, 33-35] (Figure 2). In patients scheduled for CRYGB after VBG, Fobi at al. left the pouch
and band in place and performed the bypass distal to the VGB-banding. This led to the
development of the primary Banded Roux-en-Y gastric bypass procedure [36, 37]. Nowadays,
patients who don’t suffer from strong restriction after VBG can be operated with a Banded
Gastric Bypass (BRYGB), but with formation of a completely new pouch.
The first reoperations after VBG were done in open fashion. Now, we prefer to perform
the operation laparoscopically. After adhaesiolysis, dissection of the greater curvature and the
opening of the bursa omentalis should be performed.
The whole fundus should then be separated from the omentum majus with cutting of the
short gastric vessels. The whole fundus should then be separated from the omentum majus
with cutting of the short gastric vessels. The adhesions in the bursa omentalis are then much
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easier to identify and to separate, the banding is easier to identify, and the vertical stapler line
is clearer to see. Afterwards, the stomach should be horizontally dissected under the banding
using a vertical linear stapler. Preparation of the lesser curvature and the left diaphragm crus
is then easy to perform. Afterwards, the formation of the stomach pouch with a partial
resection of the old dilated VBG pouch, the fundus and banding can be done. Weiner et al.
proposed performing the Scopinaro procedure after VBG under three conditions: The distal
stomach with the banding should be resected, the rejunction of the vertical VGB separation
ought to be performed, and the patient’s BMI has to be over 50 kg/m2 [35, 38].

Figure 2. Conventional Roux-en-Y Gastric Bypass after Vertical Banded Gastroplasty.

Several types of operations can be performed to re-establish sufficient restriction.
Indications are: vertical staple line rupture, a good toleration of restriction, and relatively slow
weight regain. There are several options: introduction of gastric banding or the sleeve
gastrectomy with or without resection of the band [39]. The B2 – gastric bypass, also called
the Minibypass might lead to biliary reflux if it is performed as a one anastomosis bypass
without the Braun’s anastomosis. Furthermore, stomach pouch and GEA dilatation are
frequent because of the pouch formation technique, and the incidence of Petersen herniation
is higher than after the RnYGB. The size of the stomach pouch should be carefully evaluated
before redo surgery. The transformation into RYGB or BRYGB is normally combined with a
pouch reduction, a translocation of the biliopancreatic limb 80 to 100 cm below the GEA and
closing of the Petersen and Y apertures. Those reoperations usually lead to weight
stabilization and improvement of the local mucosa status. The procedure can be easily
performed laparoscopically. The adhesions are normally not severe, and identification of
anatomical structures is possible. When the patient gains weight prior to the revision and the
pouch is bigger than 150 ml, it is possible to perform a biliopancreatic diversion with a
common channel (CC) of 75 to 100 cm. To perform a Scopinaro-standard CC, the stomach
pouch has to be bigger than 200 ml and the patient’s BMI has to be >45 kg/m2. If these
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conditions are not fulfilled, the standard BPD-S operation with a short CC should not be
performed.

Revisionary Operations after Restrictive Surgery
Almost all bariatric procedures include gastric restriction either by building a small pouch
a sleeve or upper stomach formation. The mechanical control and the neural sensation of
satiety are the two main components of gastric restriction. In cases of insufficient weight loss
or recurrent metabolic comorbidities, the anatomic aspects of stomach pouch or sleeve inlet,
outlet and volume have to be evaluated [40]. Many revisionary operations focus on the
stomach pouch and its outlet but in the case of LES dysfunction, there will be no success if
the revision is limited to the pouch size and pouch outlet.
The most popular metabolic operations based on restriction are the Laparoscopic
Adjustable Gastric Banding (LAGB), the Laparoscopic Sleeve Gastrectomy (LSG) and the
Laparoscopic Roux-en-Y Gastric Bypass, if it is not performed as a distal bypass. If there is
pouch dilation, the re-establishment of restriction leads to weight reduction and improvement
of the metabolic disorders in most cases [18, 41].

Introduction of Malabsorption
Insufficient restriction quickly leads to metabolic disturbances, weight regain and
recurrence of associated diseases, especially in procedures based solely on food limitation. It
is not easy to decide which method ought to be chosen in these cases. It is also not easy to
decide in favour of a revisionary malabsorptive surgery.
The most important question that has to be answered is: Is the patient capable of
accepting the disadvantages of malabsorption? Artificially shortening of the intestine leads to
chronic physiological changes. The recovery of sufficient restriction should therefore be
considered first. An accurate diagnostic investigation may help to understand the mechanical
situation of the intestinal tract, but is it a sufficient argument for introducing a malabsorptive
component? All patients, who qualify for malabsorptive surgery, ought to be discussed by an
interdisciplinary board following independent psychological, dietetic and metabolic
consultation. After patient education concerning the disadvantages of malabsorption,
preoperative diagnostics and interdisciplinary consensus, the indication for malabsorptive
surgery can be made.
It has to be noted that there are clear contraindications of secondary malabsorptive
operations, such as a BMI under 35 after the primary metabolic procedure, a pre-existing
malabsorptive state, malnutrition in vegetarians, pre-existing diarrhoea, psychiatric diseases,
and apparent lack of compliance. All patients with a history of major abdominal surgery with
consecutive malabsorption, like after ileum or colon resections for any reason, history of drug
or alcohol abuse, history of recent or chronic steroid medication, autoimmune disease,
inflammatory bowel disease, liver cirrhosis (CHILD B + C), serious active viral or bacterial
diseases (e. g. HIV, Hepatitis B and C, Tbc etc), pregnancy, history of any neoplasms in the
last five years, need of long-term anticoagulation for any reason and immunosuppression
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should be excluded from this type of treatment. Proper selection of patients for malabsorptive
procedures is a fundamental principle.
The amount of malabsorption is directly associated with the length of the common
channel (CC). The standard malabsorptive operations, i. e. the Scopinaro procedure and the
duodenal switch (DS), have a CC of 50 and 75-100cm [42, 43]. The incidence of
malabsorptive complications is higher in patients with lower compliance. In all redo
procedures, one should attempt a laparoscopic approach.

Revisions after Gastric Banding
The LABG was a favoured bariatric operation due to its low invasiveness and complete
reversibility. But long-term observation showed a high rate of reoperations and an
explantation rate of up to 40% [44-47]. Suter et al. reported a 33% complication and 20%
revision rate [48]. These results demonstrate that correct implantation of the band is not an
easy task. Regaining weight after LAGB is mostly caused by dislocation, migration and
pouch dilation. However some patients show a substantial weight regain with the band still
remaining in its correct position. In some cases further blocking of the band will lead to
vomiting while leaving it with no further blocking will result in weight regain.
Other common problems are infection and port-related problems like infection,
dislocation, or disconnection [5]. There are a lot of possibilities for re-establishing restriction
after gastric banding. Re-banding is possible, but an even higher failure rate is reported after
re-banding [49-52]. It is also possible to perform a sleeve gastrectomy after removal of the
band. The results published by Frezza et al. show that SG after LAGB is a real alternative to
RYGB [52]. It is important to completely remove adhesions and sutures in the area where the
band was placed so that the gastric wall is completely unfolded. Otherwise a stapling of the
still doubled gastric wall might occur, leading to a leakage.
The option of a gastric bypass should be strongly considered for patients with persistent
or recurrent metabolic diseases [49, 50]. In our opinion the band should be removed and the
bypass should be created as a two-step procedure. The two-step procedure (band removal as a
first and bypass formation as a second operation) could reduce the risk of leakage caused by
muscular atrophy underneath the band or doubling of the stomach wall in the staple line.
Differences of thickness of the stomach wall might also lead to stapler line insufficiencies. In
our opinion, it is important to restore the anatomy by removing the band and performing the
secondary operation two or more months later.
There are a lot of clinics that perform the Scopinaro procedure after gastric banding. The
advantage of this technique is that it involves another “operating region” and a completely
different mechanism of action. This option seems to be very good for patients with stress
eating habits and a BMI over 50kg/m2. The BPD-DS is not always easy to perform after
LAGB because the sleeve resection involves the band adhesion area which can lead to local
stapler insufficiencies and thus significantly influence the risk for complications. There is also
the option of introducing malabsorption with a 100cm CC as an isolated duodenal switch. The
band has to be completely opened or better explanted during the procedure; a gastric resection
is not made. Such a procedure leads to roughly 60% of EWL [53].
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Revisions after Sleeve Gastrectomy
The sleeve gastrectomy was first performed in the context of BPD-DS [42;54]. The
volume of the remaining gastric tube should be roughly 100 -120 ml. This can be controlled
by using a calibration tube during the procedure [55, 56]. Nowadays, most bariatric surgeons
use a 32 or 34 F Bogie to form a proper-sized sleeve [56, 57]. A larger gastric tube seems to
correlate with a higher risk of weight regain and sleeve dilatation [55]. We do not have long
term results yet, but it is already known that 50% of all patients after SG undergo a secondary
operation. Nocca et al. reported a 6% rate of weight regain 2 years after SG [58]. We
recommend performing a stomach 3D MSCT with volumetry before reoperations [19].
Restoring restriction with a re-sleeve-operation could lead to dysfunction of stomach
motility, stenosis, and reflux with emesis or dysphagia. Such complications have to be treated
with myotomy or resection of a stenosis [59 [. Re-sleeve gastrectomy is therefore only
recommended in cases of large sleeve dilations with a sleeve volume >500 ml [60]. There are
two main causes for dilation after SG: an operative technique with a primary sleeve greater
than 200 ml and patients who keep or relapse into volume eating habits [58]. The re-sleeve
operation can be used safely for patients who still have a BMI over 50-60 and a volume of the
primary sleeve > 400ml. In these cases it is also possible to place a ring (banded sleeve
gastrectomy) around the upper part of the sleeve (approx. 6 cm below the cardia) to reduce
the risc of a re-dilatation [61]. In case of a sleeve dilation of 250-400 ml, where a re-sleeveresection should not be performed, duplication of the gastric wall using an extraluminal
running suture will reduce the sleeve volume and can lead to a sufficient restriction [62].
Another option for restoring restriction is the conversion into a gastric bypass. It is easy
to transform the sleeve into a conventional or banded gastric bypass. The conventional gastric
bypass does not lead to large weight changes, but the influence on metabolic disorders is
greater compared to the SG [63;64]. The gastric bypass operation can also be performed in
case of a localized stricture of the sleeve, if the stricture is located distally enough to create
the pouch for the gastric bypass.
Since the sleeve gastrectomy was first performed only in the context of BPD-DS, the
consequent secondary malabsorptive procedure after sleeve gastrectomy is the BPD with
duodenal switch. At about one third of patients after sleeve gastrectomy receive secondary
BPD in our series. The introduction of malabsorption with a CC of 75 -100cm (longer CC in
case of stronger restriction / smaller sleeve volume) with DS is an effective method. In our
series, almost all patients with super-obesity weighed less than 100kg one year after DS
performed as a second-step operation, and a mean BMI reduction of 12 points is seen in our
patients [65]. However, the indication for a second step BPD should be considered carefully,
as BPD might lead to severe complications like malnutrition and hypovitaminosis. It is also
possible to perform a single anastomosis duodeno-ileal omega bypass after the LSG (SADIS) [66]. The advantage of this procedure is the fact that only one anastomosis is needed and
the common channel is longer than after BPD-DS, which might reduce the risk of
malabsorption syndrome. However, long term results of the SADIS-S operation still have to
be evaluated.
Acid reflux and eosophagitis is commonly seen after sleeve gastrectomy. However, the
data in the literature differs concerning the question if reflux symptoms after sleeve
gastrectomy get worse or get better. In our experience an aggravation of reflux occurs in some
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patients, probably due to a partial migration of the sleeve into the thorax, thus weakening the
LES and a poor peristalsis in the sleeve itself [67]. We therefore usually perform a
“sleevepexie”, suturing the upper end of the sleeve to the left crus of the diaphragm to prevent
thoraxic migration. In case of severe reflux symptoms and eosophagitis after sleeve
gastrectomy we would fist initiate a consequent protone pump inhibitor therapy. The next step
would be a laparoscopic hiatoplastic and sleevopexie or a revision in to a gastric bypass. This
normally solves all reflux symptoms, but takes the passibility to perform a BPD-DS or
SADIS-S as a second step in case of weight regain.

Revisions after Gastric Bypass Surgery
The gastric bypass, the gold standard of bariatric surgery, leads to regain of weight in up
to 40% of patients in the long term follow up [68], but the redo surgery rate is still lower than
after VBG [2]. The long-term results presented by Chistou et al. show that 35% of patients
after RYGB still have a BMI >35 kg/m2 [69]. Other authors report better results (70, 71). It is
unclear how many patients suffer from pouch dilatation or what the prevalence of GE
dilatation is. The volume of the gastric pouch should be between 15 and 30 ml [71]. Larger
pouch volumes can be caused by inappropriate operating techniques or secondarily by eating
habits. The width of the GEA also plays an important role: if it is too small, it can lead to
stenosis and impaired emptying of the pouch, but if it is too large, a dilation of the first
jejununal loop can result [15]. In this case the first jejunum loop can contribute to the
functional stomach volume and thus enlarge it [72].
The precise evaluation of the diameter and area of the anastomosis allows the surgeon to
choose the best redo strategy for the patient. It is known that GE anastomosis dilation can
lead to insufficient weight control [73]. If the patient tolerates restriction, there are several
options for redo surgery. Endoscopic suturing to tighten a dilated gastric pouch is technically
feasible and safe with Stomafix as NOS (Natural Orifice Surgery), and may lead to weight
loss for certain patients [74]. Another logical option is to implant a GaBP Ring in a redo
operation with or without resizing of the pouch, thus creating a banded bypass [37]. An
analogous procedure with gastric banding in addition to the RnYGB was proposed by Bessler
et al. [75]. It might be an easy and effective way to control the volume and outlet of the
pouch. We recommend using rings of at least 6. 5 cm length in primary and 7. 0 cm in redo
operations [76, 77]. Some studies report a better weight reduction after banded bypasses. The
banded bypass causes satiety and reduces caloric intake by delaying gastric emptying, even
with low food intake. After 2 years, the percentage of EWL ranged around 80%, and at 5-year
follow-up, the EWL was roughly 75%. Only a slight weight regain of 2. 5% or 5% is
observed between the second and fifth postoperative year, whereas weight regain following
LCRYGB is reported to be over 10% in the same period [78]. A gastro-gastric fistula can also
lead to weight regain, patients normally report a lack of satiety and bigger meals. Normally a
fistula can be diagnosed in radiological examination (contrast swallow / MSCT). However, in
some cases the fistula might not be seen radiologically but then be diagnosed intraoperatively.
Remarkably there is a big difference in the frequency of gastro-gastral fistulas after gastric
bypass reaching from a few up to 40% in the literature [79, 80]. The dissection of the fistula,
normally with a linear stapler will lead to further weight loss.

Complimentary Contributor Copy

Bariatric and Metabolic Revisionary Surgery

209

It is also possible but not uncritical to introduce malabsorption after gastric bypass
surgery. In our opinion, a patient scheduled for reoperation should have a BMI > 40kg/m2, a
tendency of gaining weight or recurrence of associated morbidities to qualify for redo
malabsorption. The size of the stomach pouch must be measured before the operation. The
knowledge of the pouch volume allows the surgeon to choose the redo strategy and offers a
criterion for introducing malabsorption.

Figure 3. Biliopancreatic limb distalisation after conventional Roux-en-Y Gastric Bypass [conditions see the
text] (Sugarman Procedure).

Figure 4. Alimentary limb distalisation after conventional Roux-en-Y Gastric Bypass [conditions see the text]
(Himpens-Lemmens Procedure).
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Figure 5. Roux-en-Y Gastric Bypass transformed into Sleeve gastrectomy with reconstruction of the
intestinal tract.

When the functional stomach volume is bigger than 200ml (summary of stomach pouch
and first jejunal loop when the anastomosis is bigger than 2. 5 cm), it is possible to perform
the Sugerman operation with distalisation of the biliopancreatic loop or the relocation of the
alimentary loop at about 100cm from Bauhin’s Valve thus performing a distal gastric bypass
(81;82)(Figure 3,4). Both of these operations are relatively easy to perform laparoscopically.
The most difficult part is to disconnect the Roux-Y-anastomosis which can lead to stenosis or
leakage. The ends of the trans positioned loops should always be resected to avoid suturing of
the anastomosis in the scar tissue. Both operations lead to weight reduction and improvement
of the metabolic situation. In case of a small functional gastric volume severe malnutrition
symptoms can occur if malabsorption is added.
In this case another option, proposed by Gagner et al., is to change the RnYGB into a
biliopancreatic diversion with duodenal switch [83] (Figure 5, 6). Gagner published a 40 %
failure rate after RnYGB; these patients were successfully treated with a BPD-DS [68].
The transformation to a duodenal switch is technically difficult and has many potential
complications. The reconstruction of the bypassed stomach with a gastro-gastrostomy and the
following sleeve resection are the most difficult parts of the operation. The second half is very
similar to the standard duodenal switch procedure. Performing the whole transformation
during one operation is sometimes very difficult and leads to very long operating times [68,
83]. We have introduced a straight-forward criterion for when to perform a one-step
operation: if the reconstruction of the stomach and the sleeve resection takes less than 120
min, we perform the whole operation at once. Usually, it is easier to divide the operation into
two separate parts. This reduces the complication rate. The recovery of restriction and
introduction of malabsorption usually lead to an improvement of weight loss and metabolic
status in a short time [68].
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Revisions after the Biliopancreatic Diversion
There are patients who underwent BPD-DS procedures without the use of gastric tubes
for sleeve calibration. Many of these patients now suffer from considerable stomach dilatation
with ensuing recurrence of metabolic disorders or weight regain in cases where the common
channel is > 100cm.

Figure 6. Roux-en-Y Gastric Bypass transformed procedure into Biliopancreatic Diversion with Duodenal
Switch.

Figure 7. Biliopancreatic Diversion with additional stomach fundus resection.
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The stomach volume should then be reduced to about 200ml to evoke a feeling of satiety
again [60]. A similar constellation can be observed in a small group of BPD patients who
present an upper stomach dilatation which can be treated with a fundus resection when
necessary, thus reducing the stomach pouch to 150 – 200 ml. In our series a gastric reresection after BPD leads to a mean reduction of 8 BMI points [65] (Figure 7).
In case of malnutritive symptoms with severe hypoalbuminemia, liver dysfunction,
severe diarrhoeas, flatulence and in cases where the patient is not able to supplement
adequately, it may be necessary to reduce malabsorption but preserve restriction. The
introduction of the restriction with reduction of malabsoption is possible by transforming the
BPD into the conventional or Banded Gastric Bypass. Analogous procedures are BPD-DS to
C- or B-RYGB transformations. The transformation of BPD to BPD-DS is technically
possible under the condition that the distal gastrectomy was not performed.

Conclusion
There is a variety of possible secondary operations after all bariatric operations. It may be
a big challenge for the surgeon to choose the right revisionary procedure in case of
insufficient weight loss. Detailed anamnesis and diagnostics are needed. If the wrong
procedure is chosen, the patient might not lose further weight or suffer from severe
complications.
However, if the right procedure is chosen there is a good chance for significant weight
loss. In our series of reoperations due to poor weight loss or weight regain a mean loss of 10
BMI points is seen one year after the revision [65].
In our opinion, the artificial control of satiety is at least partly associated with the pouch
volume. Hormonal and neural mechanisms also play an important role. Each year, several
new hormonal or neurogenic active intestinal peptides are identified. Also, the electrical
stimulation alone of vagal nerves, pylorus stimulation or stimulation of the duodenum leads
to significant changes in the intestinal tract and body homeostasis [84]. In the future,
restrictive surgery may be influenced by biologically active implants that react to
physiological impulses from the IT and communicate directly or indirectly with central
hunger regulation areas.
Prospective randomized trials are needed to compare different procedures. The group of
patients with a revisionary operation due to recurrent or persistent metabolic disorders is
growing. Reasons might be the limited spectrum of primary bariatric and metabolic
procedures performed in some clinics and the lack of good indication guidelines. A
systematic analysis of indications for different metabolic procedures needs to be discussed.
This could probably lead to a lower reoperation rate. At the moment, there seems to be no
golden standard operation in the growing area of metabolic surgery.
There are many new procedures, e. g. the duodenal bypass, the loop duodenal switch, the
ileal transposition, the banded sleeve resection and the vertical stomach separation. Vagus-,
stomach- or duodenal pacemakers and the Endo-Barrier are currently performed in small
series or are still in the process of development [84-87]
Certainly, there will be different types of new primary and revisionary operations as a
result of better understanding of the pathophysiology of metabolic processes. Furthermore,
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new methods implementing bioactive implants, genetically modified “simbionts”, gene
therapy, or new drugs will undoubtedly have a significant impact on primary and revisionary
metabolic surgery in the future.
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Abstract
In the last decades the rising demand for bariatric procedures worldwide has
exponentially increased the need of post-bariatric plastic surgery. Accordingly a new
chapter of plastic surgery has been born, since the standard technique usually performed
in body-contouring wasn’t perfectly suited for post-bariatric tissues due to the different
tissue structures of post-bariatric patients. The anatomical areas most frequently treated
are limbs, breast and trunk. In this chapter, the leading strategies for any of these areas,
with the main attention kept on general concepts, technical aspects and patient
management, are summarized. This field of the plastic surgery is not an easy one; it
requires good surgical experience, as well as organized and dedicated teams because it
can’t be managed by a single professional. Respecting these rules leads to great results
and great patient satisfaction.

Introduction
The increase of body-contouring (BC) procedures after massive weight loss (MWL)
following bariatric surgery (BS) is astonishing: in the U. S. A in 2004, almost 56. 000 out of
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140. 000 bariatric patients underwent BC surgery, in 2005 100. 000 out of 250. 000 [1]. Even
a neologism has been proposed: “Bariplasty [2]”. The expectations are increasing numbers for
at least the next two decades. This wide horizon should propose (as it already does in fact) an
integrated treatment approach [3] (bariatric surgery, plastic surgery, motivation for physical
activity, and psychological support) for the years to come. BS effects are more and more
perceived by patients as an intermediate stage quite unsatisfactory. BS dramatically reduces
weight and normalizes body-mass, but enhances dismorphisms and creates new problems
such as skin redundancy and flabbiness, sweating and eczemas, general aesthetical
uneasiness, low self-esteem: BC completes therapeutical course restoring body shape and
solving these problems. BC after BS is mainly performed on 4 anatomical areas:
Arms
Breast
Torso
Legs

7%
38 %
40 %
15 %

Bariatric Surgery Sequelae Influencing
Body-Contouring
Among thousands of “pros and cons” described, after BS procedures, the following are
those mainly conditioning plastic surgeons performing BC.

Clinical Consequences
Significant advantages of BS are:
a) the extreme weight loss (up to 80-100 kg) within an average time interval of 12-18
months;
b) normalization of hyperglycemia and hypercholesterolemia.
Challenging associated complications, mainly in malabsorptive procedures, are:
1) Fe++malabsorption with sideropenic anemia;
2) Ca++malabsorption with bone demineralization;
3) in 5%of patients, protein malnutrition.

Morphological Consequences
The clinical evidenced disadvantage following BS is the inefficacy of the soft tissue scar
retraction, probably due to histological alterations, causing an overall non-esthetic aspect. The
inelastic and atrophic tissues result in deep folds and creases. The main aspects are large
dermo-adiposal folds in the arms, abdomen and inner thighs, and medium-to-severebreast
ptosis in women.
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Anatomo-Surgical Consequences
The preoperative and intraoperative challenge of BC after BS is the reduced vascular
perfusion of the tissues, mainly in the dermis, which appears thinner, and in the fat, which
appear shy potrophic, “pale” or even “gray”. The presence of BS scars in the abdominal wall
causes reduced elasticity in that specific area and a compromised dermal plexus, both
enhancing specific complications.
Histological Consequences
A personal histologic study on post-BS dermis and fat is running nowadays. Preliminary
reports, comparing post-BS tissues with healthy tissues, demonstrates:
a) in the Fat: presence of collapsed adipocytes with thicker membranes, prominent
nuclei (usually not visible) and thickened intracellular fibrous septa (Figure 1).
b) in the Dermis: thickening of the fibrous net and the hypertrophy of the vascular net.
A reduction of elastic fibers is supposed, but results of histochemical and EM study
are awaited (Figure 2).

(A)

(B)

Figure 1. a) Normal Fat Tissue; b) Post-bariatric Fat Tissue.

(A)

(B)

Figure 2. a) Normal Dermal Tissue; b) Post-bariatric Dermal Tissue.
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General Surgical Strategies
Plastic surgery is a science, and Body-Contouring is a scientific art. This means that,
despite any surgical algorithm, there is no “perfect shape” to aim to: there can be, for each
body district, some key points to respect; but the main key point remains the patient’s “body
image” as a whole. This concept includes subjective and objective evaluations, which differ
from patient to patient. The only general rule we always follow for female figure (♀ are 80-85
% of all BC after BS) is the “silhouette” image (Figure 3): prominent breast and buttocks,
narrow waist and ankles, can reasonably be considered as good-looking for every woman.

Figure 3. “Silhouette” model profile.

In our experience 67% of post-bariatric patients underwent to multiple BC procedures
(from 2 to 4 operations): there is no algorithm that determines the timing and suitability of
one procedure rather than another. Among every consideration, the psychological impact on
the patient should be considered, trying to choose more effective one as starting procedure.
As usually happens in plastic surgery procedures, the surgeon main aim is to find the
right compromise between maximal reduction of excess tissue and maximal reduction of scar
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length. Moreover, BC is quite an aggressive surgeryand the risk/benefit rate is important to be
well evaluated and understood: the same operations could fit a patient but not another.
BC procedures are not novelties in plastic surgery: some of them have been described one
century ago, most of them several decades ago (’60 and ’70), all of them far before BS was
born and set its wide success. When liposuction came in fashion (’80) the initial euphoria let
al.l plastic surgeons believe that traditional BC would have been dismissed. As euphoria
subsided and BS and MWL grew up, BC could slowly taste its cold revenge: it’s today well
accepted that liposuction is not a substitute for BC, and that both represent different solutions
for different cases in different stages [4]. The anatomo-surgical and histological features of
post-BS patients confer to their tissues an “anergic behavior”, meaning a poor or absent scar
retraction. Because of that, the surgical techniques mainly suggested are those removing all
exceeding tissue. Thus liposuction, where results depend on scar retraction, cannot be utilized
except as an ancillary technique, in rare selected cases. BC techniques of decades ago, of
course, have taken benefits by all technical and knowledge advances and have “changed their
suit”: in these pages a summary of old concepts and new criteria is proposed, looking for
maximal reshaping and minimal visible scars.

General Management
On complication of BS (mainly gastric bypass and biliopancreatic diversion) can be
vitamin B12 and Fe++malabsorption, with consequent anemia [5]. Therefore, these levels need
to be checked, because major reconstruction will result in blood loss. In those cases, autotransfusion should be considered. However, auto transfusion can be performed only with a
hemoglobin rate > 11. 5, which in post-BS patient is not so frequent. Therefore, we always
perform infiltration of all the tissues to be excised with a diluted solution of adrenaline (1 cc.
/500 cc. NaCl) at least 20’ before cutting: this procedure allows a great amount of circulating
mass to be squeezed off, significantly reducing blood losses.
Another major risk in BC is deep venous thrombosis [6], with blood clots and pulmonary
embolism. We always perform prophylaxis with antiembolic compressive stockings and lowmolecular weight heparin (4000/6. 000 U. I. 12 hour before surgery, continued daily for two
weeks).
Seromas and liponecrosis can be challenging complications. There are two rules to
reduce their incidence:



avoiding any cutting device but blade: no other known instrument is less tissuedamaging;
limiting undermining.

The extension of scars can be overwhelming in many procedures. Extreme accuracy in
suture technique and material choice can make the difference, reducing hypertrophies and
keloids occurrence. Only deep, dermal and intradermal suture should be utilized, with no
cutaneous stitch. Specific plastic surgery dedicated threads and needles have been conceived,
and it is advisable to use them in BC.
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Techniques
Arms
Within BC procedures performed on BS patients, brachioplasty appears to be very
exclusive, since the request is definitely lower than for other districts.
Reviewing literature [7,8,9,10,11,12,13,14] modest results are usually found, due to
modest improvement of the morphological defect, together with remarkable scars and
important complication risks.
In this particular anatomical district, the best possible result should be pursued,
optimizing cost/benefit ratio in terms of maximal correction/less visible scars. If this strategy
cannot be applied, brachioplasty should be discouraged.
A technique has therefore been developed, based on a linear scar programmed to be
hidden in the medial bicipital groove, and aiming to obtain the best possible morphological
correction. This doesn’t mean passing from a “batwing” effect to a “sweater sleeve” effect,
but to a normal arm profile. A stigmata of this “normality” should be represented by a slight
concavity in the lower arm profile proximal to the elbow.
Patients are grouped according with Strauch [8] 4-class classification of defects: post-BS
patients usually belong to classes 3 and 4. The anatomical districts interested by surgery were
area 3 (forearm) and area 4 (axilla), according with Strauch8 anatomical scheme.
Pre-Operative Markings
Special care is taken in evaluating the amount of tissue to be excided. Only the anterior
aspect of the excision is normally drawn, and the actual quantity of skin to be dismissed
intraoperatively determined. This algorithm is operator-dependent and the compulsory rule is
that markings must be drawn by the first surgeon.

Figure 4. Brachioplasty: drawing with manual tension.
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Figure 5. Brachioplasty: final drawing.

With the patient standing in a frontal view, arms abducted at shoulder level and forearms
proned (“crucifix” position), the incision line is drawn within the medial bicipital groove,
while applying with counterlateral hand a slight antero-posterior tension on the medial face of
the arm (the same tension will be applied during surgery) (Figure 4). This line continues on
the posterior axillary pillar, gently curving at 90° and becoming vertical, just posterior to and
extending as axillary hair (4-5 cm.) (Figure 5).
Surgical Technique
After a wide literature review, proposing any kind of incision shape, no acceptable
demonstration is found that linear incision (from medial epicondyle to axilla along medial
bicipital groove) is worse than other ones. A deep incision is done on that line, directly on the
muscular fascia, preserving it.
An antero-posterior undermining is gently performed with the tip of a blade, following
fascia surface for almost half circumference of the arm. All perforating vessels and nerves
long enough to be let loose are preserved until exceeding tissue extension is determined
(Figure 6).

Figure 6. Brachioplasty: suprafascial undermining.
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As the undermining is completed, an overcorrective tension is applied to the anterior edge
of incision and to the undermined flap, similar to that one applied while marking. The flap is
overlapped to incision edge, whose superficial projection is spot-marked with 3-4 transfixed
needles and completed with a straight line joining front incision tips. A back incision is then
performed obtaining, in this way, an excided tissue extension always rather abundant: only
perforating vessels and nerves feeding this area are tied and cut (Figure 7).

Figure 7. Brachioplasty: tissue excision completed.

Suture is evidently performed under tension, so great care is spent to provide precise and
tight edges fitting, through at least two suture layers. First stitch must fix a posterior flap
whose medial length is determined by the axillary incision angle (Figure 8). Suction drains
are placed and maintained 1-2 days post-op.

Figure 8. Brachioplasty: flap closure.

Post-Operative Care
Discharge is usually allowed within 2-3 days post-op. Elastic tubular bandages are worn
for about 1 month post-op. Drugs and devices preventing pathological scars are strongly
suggested, because hypertrophies and keloids are frequent in this area.
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Complications
General complications are represented by scar hypertrophies/keloids (40%), edema
(15%), seromas (10%), wound dehiscence (5%).
Specific rare complications include:
1) Compression of ulnar nerve (0,3%) with acute pain and hand motor deficiencies; the
symptoms must be promptly recognized and solved by partial suture releasing and
sequential delayed closure (1 stitch/day within 1 week);
2) Section of cutaneous branches of the anterior medial brachial nerve (0,8%), lasting in
small areas of anesthesia (2-3 cm2. ).
Conclusions
As clearly evidenced by the images (Figure 9-12), this technique confers a natural arm
shape and profile, reproducing the inferior concavity proximal to elbow. These results,
compared with average ones published in literature, appear better. Linear scar is long, seldom
of high quality, but often well hidden within medial bicipital groove and not visible in the
frontal view as well as in the back one.

Figure 9. Brachioplasty: case 1 (♀ aa. 28, gastric by-pass) Pre-op.

Figure 10. Brachioplasty: case 1 Post-op.
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Figure 11. Brachioplasty: case 2 (♀ aa. 46, B. P. D. ) Pre-op.

Figure 12. Brachioplasty: case 2 Post-op.

The respect of sensitive cutaneaous branches lets good preservation of touch within
medial arm face.

Breast
Breast deformities in post-BS patients are different and more challenging than those from
non-BS patients. The histological alterations confer the highest clinical consequences to this
area: highest degrees of true ptosis [15], deflated and flattened glands, totally inelastic
covering tissues. Hypertrophic breasts, needing further reduction, are quite rare.
Therefore, the main problems to be corrected on a M. W. L. breast are two:
1) Ptosis
2) Volume loss
Both problems need peculiar resolutions, due to peculiar characteristics.
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Ptosis can be surgically minor or severe: we usually put a borderline around 6 cm. of
ptosis correction. If the difference between the pre-operative nipple-areola complex (N. A. C.)
position and the post-operative projected new position is less than this measure, a scar
spearing technique is suitable. Beyond this measure, more extended scars are needed.
Volume loss is proportional to body weight loss. The amount of residual gland
determines surgical choices. If the volume left is considered enough, from both the patient
and surgeon, a gland reshaping should be performed. Volume evaluation must be subjective,
as no granted procedure or device exists up to date. If a volume increase is considered
advisable, a mammary implant is necessary. No dedicated prosthesis has never been
conceived for the peculiar problems of a M. W. L. breast, and the existing implants cannot be
considered adequate for these patients, because of their weight (hundreds of grams) pulling
down loose M. W. L. tissues for an early ptosis recurrence: an ideal implant should be
developed on an ultralight technology to carry out a weightless device (“feather” prosthesis)
weighing only few grams. For these reasons, nowadays, the final choice should be, as far as
possible, reshaping without implants.
Surgical Strategies
The choice strategy should follow this scheme:

Minor Ptosis
(N. A. C. correction <
cm. 6)
Severe Ptosis
(N. A. C. correction >
cm. 6)

Suitable Volume

Lacking Volume
“Round block”

“Round block”

+

mammary implants
“L technique”

“L technique”

+

+

self prosthesis

mammary implants

As stated above, the choices 2 and 4 are controversial. However, while choice 2 occurs in
a less ptotic breast (which means less deformed, less stressed, less loose and flabby) and can
be considered suitable, choice 4 is at high risk of early aesthetical complications (i. e.
deformities, ptosis recurrence). That’s why it is advisable to stress as much as possible the
indications of choice 3, and to limit choice 4.
N. A. C. correct vertical position is determined at the medial point of arm length: this
point is usually placed at 19-21 cm. from sternal notch. The horizontal position stands at 9-11
cm. from medio-sternal line.
Surgical Techniques

Round Block
This technique was first described by Louis Benelli [16] in late ‘80s and represents a
milestone in mammary plastic surgery, because of the great scar spearing. It is based on an
“egg” shaped periareolar skin excision, a wide undermining allowing a wide access to the
gland, which can be easily reshaped: the final circular dermic suture (“round block”)
completes the procedure. Only a periareolar scar is left.
The “round block” technique has two limits:
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1) it is well suited for small breasts and minor ptosis;
2) it flattens the breast and reduces N. A. C. anterior projection.

Because of this limits, clinical experience through the years has suggested the use of this
procedure for minor ptosis associated with a mammary implant. In M. W. L. breasts the
controversy is evident: the need of a scar-spearing technique on one side, the need to reduce
implants utilize on the other. At the present time, there is no escape from this compromise,
and a careful case-by-case evaluation is needed.
The technical changes to the original procedure, applied and suggested in M. W. L.
breasts are the following:
a) complete undermining of glandular upper pole (both front and rear aspects) to let
breast lifting and anchorage to fascia, muscle and/or rib periostium (at least three
stitches of threaded non-absorbable 0 or 1 suture); lower pole is left undetached, to
guarantee blood perfusion (only 1-2 cm. periareolar are undermined).
b) if implants are needed, upside-down retroglandular undermining [17], taking great
care to leave inframammary fold and 1-2 cm. of gland undetached. The implant is
topside-bottom inserted with a “mailbox posting” action; inframammary fold should
act like a barrier to prevent implant ptosis. The upper ⅓ of the implant is placed
beneath pectoralis major muscle, with “dual-plane” technique.
c) the type of implant needed (round vs. anatomical) basically depends on the kind of
aesthetical defect: major upper pole defects need round implants, major lower pole
defects need anatomical implants. Patient’s preferences are a primary factor in the
decision [18].
d) periareolar suture is always performed with “interlocking” technique smartly
conceived by Hammond [19].

L Technique
This technique was first described by De Longis [20], and represents one modern
evolution of the great family of “vertical techniques”, all descending from original Arié [21]
technique.
As the majority of vertical techniques, L technique utilizes a superior pedicle to support
N. A. C. and has been thought to suspend breast, either reducing or emphasizing volume. All
vertical techniques have the great advantage to increase N. A. C. projection.
When N. A. C. is programmed to be lifted more then6 cm., the L technique is suggested.
In M. W. L. breasts, once more, is advisable to comply with the need of volume emphasizing,
restricting as much as possible implants insertion. To do this, “auto-prosthesis” appears to be
a good compromise.
M. W. L. major ptotic breasts usually have 3 problems:
1) N. A. C. ptosis;
2) inframammary fold ptosis;
3) lack of projection (flattened shape).
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Volume is not necessarily a problem, seldom is lacking or exceeding, often can be
considered suitable. L technique with auto-prosthesis corrects all three above problems and
simulates a volume increasing.
The technical key-points are the following:
a) auto-prosthesis is a flap drawn, de-epithelialized and sculptured on an inferior
pedicle (6-8 cm. base, depending on breast width); the upper edge of the flap is
incised and detached from upper pedicled N. A. C. flap, and undermined up to
pectoralism. m. fascia;
b) auto-prosthesis is strongly anchored at 3rd rib periostium (at least three stitches of
threaded non-absorbable 0 or 1 suture); this procedure lets inframammary fold real
lifting and fixing;
c) if an implant is unavoidable, auto-prosthesis cannot be performed and all the
mammary glandular tissue must be harvested on a superior pedicle; the implant is
bottom side – top inserted, and the flap closed on it. This procedure doesn’t prevent
ptosis recurrence, doesn’t lift inframammary fold, and adds implant weight: that’s
why should be avoided, if possible.
Post-Operative Care
Suction drains are maintained 1-2 days post-op. Drippings are very simple and light and
maintained for almost 1 week. No compression is performed. A dedicated shaping bra is worn
for 1 month day and night and further 2 weeks night-time only.
Breast reaches its final shape within 60-90 days. Scars cannot be considered stable before
6 months/1 year.
Complications
General complications are represented by scar dystrophies (13,2%), hematomas (8,7%),
wound dehiscence (3,1%).
Considering ptosis recurrence as N. A. C. sliding >2 cm., 1 year post-op, its incidence is:
Round block
3,2%
Round block + implant
27,6%
L technique + self-prosthesis
13,3%
L technique + implant
75%
Best shapes (patient and surgeon compliance) are obtained with 2 and 3 techniques.
Conclusions
Results obtained by applying the strategy algorithm shown above are usually good
(Figure 13-20), the choices 1/2 and 3 appear to be the more frequently applied and better
fitted to cover the majority of M. W. L. breast defects. Choice 4 needs experienced hands and,
anyway, has a high complication rate. In the future, the birth and the rise of new mammary
implant concepts and technologies could completely change this algorithm.
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Figure 13. Mastoplasty: Round-block (aa. 37, Intragastric balloon) Pre-op.

Figure 14. Mastoplasty: Round-block Post-op.

Figure 15. Mastoplasty: Round-block + prosthesis (aa. 32, BPD) Pre-op.
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Figure 16. Mastoplasty: Round-block + prosthesis Post-op.

Figure 17. Mastoplasty: L technique + autoprosthesis (aa. 35, gastric by-pass) Pre-op.

Figure 18. Mastoplasty: L technique + autoprosthesis Post-op.
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Figure 19. Mastoplasty: L technique + prosthesis (aa. 40, laparoscopic BPD) Pre-op.

Figure 20. Mastoplasty: L technique + prosthesis Post-op.

Torso
Torso deformities in post-BS patients are mainly confined in an area extending anteriorly
(Figure 21) from navel line cranially until a virtual line passing through groin folds caudally.
Posteriorly runs from cranial edges of trochanteric eminences to infragluteal folds (Figure
22). Posterior area extension (65%) is major than anterior one (35%).
The main evaluation to be done in this area is whether the defect is confined on the plane
of the abdominal wall (2 dimensions), or it is extended to all the torso area (3 dimensions). In
the first case abdominoplasty is indicated, in the second one (the so called “Sharpei profile”)
torsoplasty is the solution. The key point is anterior-superior iliac spine: any defect extending
laterally beyond this point should be treated with a torsoplasty, because a simple
abdominoplasty could give an unsuccessful result [22]. At the same time, it must be kept in
mind that liposuction has very limited indications in post-BS patients, and that torsoplasty is
one of the most patient health challenging procedure in BC. So, if a clear indication cannot be
identified, BC of torso area has to be discouraged.
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Figure 21. Torso area, Frontal view.

Figure 22. Torso area, back view.
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Abdominoplasty
As a result of the above-described anatomosurgical modifications and of the high
percentage of potential complications, the right abdominoplasty technique for this kind of
patient should be quick and safe. Therefore, the “vest over pants” technique described by
Planas [23, 24] with an inverted V excision, seems to be the safest to preserve a good
abdominal wall blood perfusion. Two technical variations are suggested:
1) Drawing of the upper line of incision is made with patient standing, simulating the
“vest over pants” movement and drawing the lower line. As patient will lie down the
operating table, all the draws will move upwards, underlining a frequent error:
making drawings with patient lying determines cuts in the wrong places (Figure 2324). As in all BC, drawings must be made with patient standing.
2) Once lines of excision are well identified, it is advisable to start with lower incision,
to perform the whole undermining and finally to cut the exceeding tissue: often the
extensive BS scars limit abdominal wall elasticity and it is safer to finally check the
amount of excision.

Figure 23. Abdominoplasty: drawings on standing position.

Figure 24. Abdominoplasty: same drawings (Figure 23) on lying position.
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If performed on the right cases, abdominoplasty provides nice improvements, mainly on
the lateral view of the abdominal wall (Figure 25-28).

Figure 25. Abdominoplasty: case 1 (♀ aa. 38, BPD) Pre-op.

Figure 26. Abdominoplasty: case 1 Post-op.

Figure 27. Abdominoplasty: case 2 (♀ aa. 42, BPD) Pre-op.
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Figure 28. Abdominoplasty: case 2 Post-op.

Torsoplasty
Various techniques have been described to treat the M. W. L. “sharpei” profile [25, 26],
all aiming to remove the redundant tissue in the belt area and to suspend the caudal districts,
that means reshaping and lifting. Anyway torsoplasty can be considered the most invasive but
at the same time the most aesthetically improving BC procedure.

Figure 29. Traction Forces vectors scheme in torsoplasty.

The abdominal wall needs to be corrected with a “sliding down” movement of the
exceeding tissue; on other hands, flanks and back need to be lifted and suspended with a
“caudal-cranial” movement. We can represent the forces of the surgical correction with
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vectors and realize that an inversion of these vectors takes place on the anterior-superior iliac
spine (rotation point) (Figure 29): posteriorly vectors are caudal-cranial oriented; anteriorly
are cranial-caudal oriented.
Drawings
Drawings are performed the day before surgery with patient standing.
Posteriorly the upper point of intergluteal fold is marked (inferior edge of excision)
(Figure30). This point is usually programmed to be lifted about 7-10 cm: with manual
simulation, the upper point is marked (upper edge of excision).

Figure 30. Torsoplasty: back keypoints drawings.

The amount of posterior and lateral tissue to be lifted must now be determined: caudal
tissue is folded and tensioned with caudal-cranial movements, and superior and inferior edges
of excision are marked (Figure31). All points are joined drawing lines of dorsal excisions
(Figure 32). Within these areas, 3-4 cm. laterally the median line, two “dermal-adipose”
elliptical islands (10-12 cm. wide, 6-8 cm. high) are measured and drawn: they will be
utilized for buttocks emphasizing (Figure33).

Figure 31. Torsoplasty: lateral excess tissue evaluation.
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Figure 32. Torsoplasty: lateral excess tissue drawings.

Figure 33. Torsoplasty: buttocks emphasizing island Flaps markings.

Anteriorly, with a mastoplasty–like handling, we determine the upper line of excision.
Lower line is the same of a standard abdominoplasty (Figure34).

Figure 34. Torsoplasty: Frontal excess tissue drawing.
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Surgical Technique
The operation is conducted in a prone-supine sequence.
In the prone position all the incisions are performed and all the exceeding tissue removed,
while dermal-adipose islands are isolated and de-epithelialized (Figure35); then sutured and
fixed deep into previously undermined buttocks (Figure36). Any other undermining,
specifically in the pre-trochanteric areas, is greatly limited or avoided. Two suction drains are
placed, all the back sutures completed and the patient is twisted.

Figure 35. Torsoplasty: de-epithelialized island Flaps.

Figure 36. Torsoplasty: island Flaps deepened into undermined buttocks.

In the supine position, back incisions fading on the flanks are extended and completed,
performing a traditional abdominoplasty, seldom associating the superficial fascial flap
suggested by Wieslander [27] (Figure37) in order to prevent and reduce the amount of trophic
complications. Two suction drains are inserted and all the sutures completed.
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Figure 37. Wieslander superficial Fascial Flap.

The exceeding tissue is usually cut and removed into little pieces, and any piece is gently
squeezed before cutting it: this procedure, rather than “en-bloc” excision, seems to reduce
blood losses.
Drapings are performed with non adhesive wound dressings and compressive bands.
Post-Operative Care
When the total amount of excised tissue is over 10-12 kg., one or two days of intensive
care recovery could be necessary. Usually all drains are removed within 6-8 days. Recovery
lasts about 7-10 days.
Compression is removed after one week and a girdle worn day and night for one month,
plus a further two weeks night-time only. If a small fat excess should remain in pretrocantheric areas, a minor liposuction can be performed between 6 months and one year after
(if no further body-contouring of thighs is scheduled).
Complications
Hematomas (5,4%) and seromas (3,8%) have dropped thanks to various preventing tricks
and procedures.
The high incidence of abdominal wall complications [28, 29] (skin dehiscence and
necrosis) (Figure 38), up to 45-50%, in this particular group of patients compared with nonBS patients and the review of anatomical studies [30, 31] has suggested to increase the
research of causes by arteriographic study of the epigastric vessels. In five studied cases, no
reliable modifications have been found. Therefore, without any other explanation, the only
certain cause responsible for almost 70% of trophic complications following abdominoplasty
is the presence of previous scars. In more recent BS cases operated by the laparoscopic
approach (with very short abdominal scars), the percentage of complications has significantly
decreased [32].
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Figure 38. Abdominal wall complication (necrosis, 15th day post-op).

Conclusions
All patients achieve a nearly ideal torso contour (Figure 39-46), addressing very
effectively all functional and aesthetical concerns of M. W. L. patients. This BC surgery is,
without a doubt, highly challenging for both surgeon and patient: adequate learning curves,
careful patient selections and education are essential in reaching a good outcome.

Figure 39. Torsoplasty case (♀ aa. 56, BPD): Pre-op Frontal view.
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Figure 40. Torsoplasty case: Pre-op back view.

Figure 41. Torsoplasty case: Pre-op right view.

Figure 42. Torsoplasty case: Pre-op left view.
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Figure 43. Torsoplasty case: Post-op Frontal view.

Figure 44. Torsoplasty case: Post-op back view.

Figure 45. Torsoplasty case: Post-op right view.
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Figure 46. Torsoplasty case: Post-op left view.

Legs
The leg aesthetical problems in post-BS patients are mainly confined in the thigh and
more or less resume the general problem of all M. W. L. patients: sagginess of body coverage.
The loss of skin elasticity and of fat volume usually causes flabbiness of medial and/or lateral
areas of the thighs.
Except classic lipodystrophy caused by general fat deposits, thigh BC can be very useful
after BS. M. W. L. patients don’t accept the skin excess located at inner and lateral aspects of
the thighs, and the main demand for surgery is aesthetical improvement even if functional
problems can be related too, like frictions and inflammations.
The lateral defects can be corrected with a body-lift [26] or a torsoplasty extended with a
wide caudal undermining. Otherwise a flankplasty can be performed.
The inner thigh flabbiness requires specific surgical technique, the thigh lift. Depending
on the different locations of the defects, the thigh lift can be conducted as:
Semicircular thigh lift
Circular thigh lift
Longitudinal thigh lift
Pursuing the aim of scar shortening, the suggestions of Le Louarn and Pascal [33]
regarding excisions and suture are strongly advisable. To reduce possible lymphatic drainage
complications and seromas, undermining must be avoided, choosing a full-thickness “enblock” removal of exceeding tissue.
Drawings
The preoperative drawing of the planned procedure is performed with patients standing
and the legs 20-30 cm. abducted, paying great attention to symmetry. The upper line of
incision is marked 1 cm above the inguinal fold, and 2 to 6 cm above the gluteal crease. A
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firm upward tension to the tissues to be lifted is applied, evaluating and marking the lower
edge of excision.
Markings may be helped and guided by underwear traces so that the upper line of the
drawing remains above the panty's lower edge.
If circular technique is needed, upper line continues from inguinal fold, turning back
almost at greater trochanter height and joining back upper incision line.
If vertical technique is needed, the sequence described in Figures 47-51 is performed.

Figure 47. Thighplasty:Frontal upper markings.

Figure 48. Thighplasty: back upper markings.
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Figure 49. Thighplasty: excess tissue evaluation.

Figure 50. Thighplasty: Frontal markings completed.

Figure 51. Thighplaty: Back markings completed.
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Surgical Techniques
The flankplasty, as described by Baroudi [34], can be useful in few cases (Figures 52-53),
but usually what can be corrected with it can be done with a torsoplasty as well. It is rare to
find a post-BS patient with isolated lateral thigh defects.

Figure 52. Flankplasty: Intra-op starting.

Figure 53. Flankplasty: Intra-op ending.

Figure 54. Thighplasty: Intra-op starting.
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Figure 55. Thighplasty: excision completed.

Figure 56. Thighplasty: right thigh suturing.

Figure 57. Thighplasty: right suture completed.
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Figure 58. Thighplasty: left thigh suturing.

Figure 59. Thighplasty: Intra-op ending.

The semicircular thigh lift is based on the classical Pitanguy [35], Baroudi [36] and
Lewis [37, 38] techniques.
Operation is performed in lithotomy position, alternatively adducting legs for the suturing
time (Figures 54-59). The incisions cut skin and fat tissue straight down to the fascia, which
is preserved. Removal of exceeding tissue is directly done on the fascia, with no undermining.
Firm and stable suspension is guaranteed by anchoring [33] the superficial fascia system
and the dermis of inferior flap to the lateral band of Colles’ fascia. This will successfully
prevent the two major aesthetical complications: scar caudal displacement and early
recurrence of the defect.
One drain per side is placed, and two layers suture performed to complete procedure.
Light draping is maintained for a few weeks. The use of elastic panty stockings is
recommended for several weeks post-op.
The circular thigh lift, as Baroudi [36] explains, is necessary when redundant tissue
extends to frontal and lateral aspects of the thighs, sagging down to the knees, and the
semicircular technique is not enough. The operation is conducted first in prone position, then
in lithotomy position.
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The anterior incision is done 2 to 4 cm above the inguinal fold as far as possible medially
and continued laterally inside underwear traces.
The only relevant technical difference with semicircular technique is lateral excision
according to the amount of tissue to be dismissed, with no undermining.
The same type of suture, draping and wearing as for semicircular lift are performed.
The longitudinal thigh lift is rarely indicated and often avoided by surgeons and patients
because of bad reputation of the results. Most deformities can effectively be reduced with the
previous procedures, leaving hidden scars. Nevertheless, some post-BS cases need vertical(or
longitudinal) reduction in order to obtain valuable results, even if bad and visible scars are
expected, anyway better than skin excess. The suggested vertical excision is posteromedial,
running straight to the popliteal region and ending as soon as the redundant tissue ends.
The main steps of the procedure are the same as for previous ones, performing no
undermining as usual. Post-op management doesn’t differ from other procedures.
Complications
General complications are represented by scar distrophies/keloids (22,7%), edema
(14,2%), seromas (11,8%), lymphorrea (7,6%), wound dehiscence (2,9%).
Specific complications include vertical scar widening (37,1%), defect recurrence
after 1 year (12,5%) and scar displacement (5%).
Conclusion
Although the characteristics of post-BS patients limit choices and chances, satisfying
results are achieved not only as cosmetic correction but also in quality of life, because in this
anatomical area functional improvements are mostly accomplished by BC (Figures 60-67).

Figure 60. Thighplasty: case 1 (♀ aa. 45, BPD)semicircular, Pre-op.
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Figure 61. Thighplasty: case 1 Post-op.

Figure 62. Thighplasty: case 2 (♀ aa. 38, BPD) semicircular, Pre-op.
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Figure 63. Thighplasty: case 2 Post-op.

Figure 64. Thighplasty: case 3 (♀ aa. 31, BPD) longitudinal, Front Pre-op.
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Figure 65. Thighplasty: case 3 back Pre-op.

Figure 66. Thighplasty: case 3 Front Post-op.
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Figure 67. Thighplasty: case 3 back Post-op.

(A)
Figure 68. (Continued).
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(B)
Figure 68. A) B. U. T. Frontpage, B) B. U. T. back page.

Outcome
Great “positive” thinking of these patients towards BC creates enormous expectations for
improvement in quality of life (similar to the expectations which motivated these patients
toward bariatric surgery) [39]. Of these operated patients, 99% declare themselves completely
satisfied with the obtained results and go on to further body contouring. These kinds of results
are not achievable by bariatric surgery alone and/or by eating behavior normalization, and
have been tested with the Body Uneasiness Test (B. U. T.) [40] (Figure 68) on 5 different
groups of these patients. On average, 2,5 operations have been performed on each patient.
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The main points of patient satisfaction are: “body image” greatly improved, self-esteem
recovery, improvement in life relationships, and sexual life resumption or improvement [41].

References
[1]

[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

Singh D., Forte A., Loerke C., Bell R., Thomson J. G. “P63: Prognostication of Body
Contouring after Bariatric Surgery” –Plast. Reconstr. Surg. Abstract Supplement.
118(4) Supplement:144, September 15, 2006.
O'Connell J. B. “Bariplastic Surgery” –Plast. Reconstr. Surg. 113(5):1530, April 15,
2004.
Huemer G. M., Dunst K. “Massive Weight Loss after Bariatric Surgery: Friend or
Foe?” –Plast. Reconstr. Surg. 114(6):1663-1664, November 2004.
Baroudi R., Moraes M. “Philosophy, Technical Principles, Selection, and Indication in
BodyContouring Surgery” –Aesth. Plast. Surg. 15:1-18, 1991.
Folope V., Coëffier M., Déchelotte P. “Nutritional deficiencies associated with bariatric
surgery” – Gastroenterol. Clin. Biol. 2007 Apr; 31(4):369-77.
Shermak M. A., Chang D. C., Heller J. “Factors impacting thromboembolism after
bariatric body contouring surgery” – Plast. Reconstr. Surg. 2007 Apr 15;119(5):1590-6.
Guerrero-Santos J. “Brachioplasty” – Aesth. Plast. Surg. 1979; 3: 1-4.
Strauch B,Greenspun D, Levine J et al. “A techniqueof brachioplasty” – Plast.
Reconstr. Surg. 2004; 113: 1044-8.
Bolivar de Souza Pinto E., Erazo P., Matsuda C. A. “Brachioplasty technique with the
use of molds” – Plast. Reconstr. Surg. 105:1854, 2.
Lockwood T. “Brachioplasty with superficial fascial system suspension” – Plast.
Reconstr. Surg. 96:912, 1995.
Goddio A. S. “A New Technique for Brachioplasty”–Plast. Reconstr. Surg. 84(1):8591, July 1989.
Mahjouri F. “A Technique in Brachioplasty” – Plast. Reconstr. Surg. 116(2):678-679,
August 2005.
Abramson D. L. “Minibrachioplasty: Minimizing Scars While Maximizing Results” –
Plast. Reconstr. Surg. 114(6):1631-1634, November 2004.
Teimourian B., Malekzadeh S. “Rejuvenation of the Upper Arm” – Plast. Reconstr.
Surg. 102(2):545-551, August 1998.
Brink R. “Management of true ptosis of the breast” – Plast. Reconstr. Surg. 91: 657,
1993.
Benelli L. “A New PeriareolarMammaplasty: the “Round Block” Technique” – Aesth.
Plast. Surg. 14:93-100, 1990.
Migliori F. “Upside-Down Augmentation Mastopexy” – Aesth. Plast. Surg. 35:593600, 2011.
Càrdenas-Camarena L., Ramìrez-Macìas, R. “Augmentation/Mastopexy: How to Select
and Perform the Proper Technique” – Aesth. Plast. Surg. 30:21-33, 2006.

Complimentary Contributor Copy

Body-Contouring after Bariatric Surgery

259

[19] Hammond D. C., Khuthaila D. K., Kim J. “The Interlocking Gore-Tex Suture for
Control of Areolar Diameter and Shape” – Plast. Reconstr. Surg. 119(3):804-809,
March 2007.
[20] De Longis E. “Mammoplasty with an L-shaped limited scar and retropectoraldermopexy” – Aesth. Plast. Surg. 10:171-175, 1986.
[21] Arié G. “Una nuevatéchnica de mastoplastia” – Rev. Lat. Am. Cir. Plast. 3:22, 1957.
[22] Matarasso A. “Liposuction as an Adjunct to a Full Abdominoplasty Revisited” – Plast.
Reconstr. Surg. 106(5):1197-1202, October 2000.
[23] Planas J. “The "Vest Over Pants" abdominoplasty” – Plast. Reconstr. Surg. 61(5):694700, May 1978.
[24] Planas J., Bisbal J., del Cacho C., Palacin J. M. “Further advantages of the "Vest over
pants" abdominoplasty” – Aesth. Plast. Surg. 12:123-127, 1988.
[25] Lockwood T. E. “Lower body lift with superficial fascialsystem suspension” – Plast.
Reconstr. Surg. 1993; 92: 1112-6.
[26] Pascal J. F., Le Louarn C. “Remodelling body-lift withhigh lateral tension” – Aesth.
Plast. Surg 2002; 26:223-30.
[27] Wieslander J. B. “Preservation of fat under Scarpa’s fascia in the lower abdomen
reduces complications inabdominoplasties” - 10th Congress of the European Society of
Plastic, Reconstructive and Aesthetic SurgeryE. S. P. R. A. S (Sept. 1st 2005).
[28] Nurkim M. V. et al. “Incidence of hematoma and seromain abdominoplasty with and
without the use of drains” – Rev. Soc. Bras. Cir. Plast. 2002; 17: 69-74 (abstract).
[29] vanUchelen J. H., Werker P. M. N., Kon M. “Complications of abdominoplasty in 86
patients” – Plast. Reconstr. Surg. 2001; 107: 1869-73.
[30] Huger W. E. Jr. “The anatomic rationale for abdominal lipectomy” – Ann. Surg. 1979;
45: 612-7.
[31] Hester T. R. Jr., Nahai F., Beegle P. E. et al. “Blood supply of the abdomen revisited,
with emphasis on the superficial inferior epigastric artery” – Plast. Reconstr. Surg.
1984; 47: 657-70.
[32] Scopinaro N., Marinari G. M., Camerini G. “Laparoscopic standard biliopancreatic
diversion:technique and preliminary results” – Obes. Surg. 2002;12: 362-5.
[33] Le Louarn C., Pascal J. F. “The concentric medial thighlift” – Aesth. Plast. Surg. 2004;
28: 20-23.
[34] Baroudi R., Moraes M. “Philosophy, Technical Principles, Selection, and Indication in
BodyContouring Surgery” – Aesth. Plast. Surg. 15:1-18, 1991.
[35] Pitanguy I. “Surgical reduction of the abdomen, thigh and buttocks” – Surg. Clin.
North. Am. 51:479, 1971.
[36] Regnault P., Baroudi R., da SilveiraCarvalho C. G. (1979). “Correction of Lower Limb
Lipodystrophy” –Aesth. Plast. Surg. 3:233-249.
[37] Lewis J. R. “An Atlas of Aesthetic Plastic Surgery” – 285-288 Little, Brown and Co.,
Boston,1973.
[38] Lewis J. R. “Correction of ptosis of the thighs: the thigh lift” – Plast. Reconstr. Surg.
37:494, 1966.

Complimentary Contributor Copy

260

Franco Migliori

[39] Bolton M., Pruzinsky T., Cash T. et al. (2003). “Measuring outcomesin plastic surgery:
body image and quality oflife in abdominoplasty patients” – Plast. Reconstr. Surg. ;
112: 619-25
[40] Pecori L., Serra Cervetti G. G., Marinari G. M., Migliori F., Adami G. F. “Attitudes of
morbidly obese patients to weight loss and body image following bariatric surgery and
body contouring” – Obes. Surg. 2007 Jan; 17(1) 68-73.
[41] Migliori F. et al. (2006). “Body contouring after biliopancreatic diversion” – Obes.
Surg. Dec; 16(12): 1638-44.

Complimentary Contributor Copy

In: Bariatric Surgery
Editor: Christos R. Iavazzo

ISBN: 978-1-62618-995-9
© 2013 Nova Science Publishers, Inc.

Chapter XIV

Bariatric Brachioplasty
Miguel Modolin, Wilson Cintra Jr.
and Rodrigo Itocazo Rocha
Division of Plastic Surgery – Hospital das Clínicas –
University of Sao Paulo School of Medicine, Brazil

Introduction
Dysmorphism in the arms, following weight loss, is caused by the loss of fat content,
limited skin retraction ability resulting from smaller amounts of collagen and elastin, and
laxity due to distension of the superficial fascia.
Thus, the arms lose their cylindrical contour due to a skin fold that may extend from the
elbow to the lateral thoracic wall, going beyond the axilla, thus characterizing a deformity
known as “bat wing” (Figure 1).
This is treated surgically by brachioplasty to reduce volume thus enabling a wider range
of motion, a more aesthetic looking arm contour, the use of sleeveless clothes and, ultimately,
a better quality of life.

Surgical Technique
When the excess skin is restricted to the arm, it is resected by means of a fusiform
excision in the medial aspect from the elbow which is combined with a transverse ellipse in
the axilla thus defining the shape of a fish tail (Figure 3). If the excess skin extends to the
thorax, the elliptical marking is prolonged to this region; in the axilla, a Z-plasty is performed.
Resection is made above the superficial fascia.
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Results
Despite the long scar, patients show great satisfaction because of the improvement in
their quality of life through better hygienic care, wider range of motion, a more aesthetic
looking arm contour, and the freedom to wear sleeveless clothes which was previously
embarrassing because of their arm deformity.

Complications and Events
Complications are due to the failure to observe an accurate surgical technique, whereas
events result from adverse biological factors. Events:
1. Edema and seroma;
2. Ecchymosis;
3. Keloid scar.
Complications:
1.
2.
3.
4.
5.
6.
7.

Hematoma;
Dehiscence;
Limphorrhea and lymphocele;
Necrosis;
Hypertrophic scar;
Infection;
Paresthesia.

Bariatric Brachioplasty
Introduction
Bariatric surgeries, as a rule, lead to massive weight loss and marked changes in body
contour, which assumes bizarre shapes.

a
Figure 1. (Continued).
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b
Figure 1. Severe brachial dysmorphy (“bat wing”). A. Anterior view. B. Posterior view.

This impacts the quality of life of the individuals affected by these deformities, known as
dysmorphisms. Dysmorphism in the arms, following weight loss, is characterized by the loss
of their cylindrical contour, due to a skin fold of varying size that may extend from the elbow
to the axilla, or even beyond, reaching the lateral thoracic wall, thus defining a deformity
known as “bat wing” (Figure 1). This is caused by the loss of fat content, limited skin
retraction ability, and laxity due to distension of the superficial fascia.
Brachial dysmorphism is treated surgically by brachioplasty to restore a more aesthetic
looking cylinder-shaped arm contour. Concomitantly, because the surgical procedure reduces
volume, it enables a wider range of motion and the use of more comfortable clothes like
sleeveless shirts in the summer.

Surgical Technique
In patients whose dysmorphism affects only the mid-portion of the arm, similar to a
hammock, a fusiform excision of skin is sufficient. With the patient in the sitting position, an
ellipse is medially marked 1 to 2 cm above and parallel to the brachial sulcus.
The posterior line is marked using a bidigital pinching maneuver, exercising care to avoid
excessive tension, with the arm abducted to 90º and the elbow to 80º. It is crucial to make
careful markings to avoid large resections that could lead to a difficult final wound closure
and permanent damage such as transverse grooves or even a tourniquet effect in the distal
portion of the upper limb. Both the anterior and posterior incisions converge toward the
epicondyle of the humerus, and cephalad, toward the axilla, thus containing the excess skin to
be resected (Figure 2). When the dysmorphic fold of the arm is larger, the ellipse is prolonged
from the epicondyle to the anterior border of the axillary hair area, where another transverse
ellipse is delimited and resected within the anterior and posterior axillary folds. The
combination of these markings defines the “fish tail” resection (Figure 3). This strategy
makes the resection of local dermal-cutaneous folds easier, since they usually require
prolongation of the incision to the axilla; otherwise they may produce redundancies at the end
of the scar known as “dog ear”.
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a

b
Figure 2. Fusiform technique. A. Drawing of the fusiform marking. B. Preoperative marking in a patient.

In patients whose deformity extends to the lateral thoracic wall, the elliptical marking is
prolonged to this region containing the excess dermal-cutaneous fold. In the axilla, the wound
closure line is decomposed using Z-plasty (Figure 4). The patient is placed lying in the supine
position with his arms abducted upward, thus facilitating the surgical approach (Figure 5). In
order to reduce the operative time, the procedure is performed by two teams simultaneously.
The surgery is performed under general anesthesia and infiltration of the surgical area with
saline solution containing epinephrine to minimize bleeding. Prophylactic antibiotic therapy
with cephazolin is given during the anesthetic induction. Brachioplasty should be performed
above the superficial fascia to avoid affecting the lymphatic vessels and nerves that run in the
deeper plane. Plane closure is initiated after excision and careful hemostasis with
electrocautery. In patients undergoing the axillary approach, the superficial fascia of the arm
is fixed to the axillary fascia, thus promoting suspension of the posterior portion of the arm by
means of an interrupted suture using 4-0 polyamide (Figure 6). This works as an arm sling
that ensures tension of the tissues distended by obesity, which did not retract after weight
loss. Wound closure in the deep subcutaneous plane, including the superficial fascia, is made
with an interrupted suture using 4-0 polyamide.
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a

b
Figure 3. Double-ellipse technique. A. Drawing of the “fish tail” marking. B. Preoperative marking in a
patient.

It is worth stressing that when over-resection occurs, closure of this plane – important for
reestablishing the cylindrical shape of the arm – may determine transverse depressions that
are difficult to correct. A running intradermal suture using 4-0 or 5-0 polyglecaprone is the
final suture.
Following wound closure, Z-plasty should be performed in the middle of the axilla, in
those cases in which the incision crossed it. It could be argued that this maneuver is
unnecessary given that there is remaining skin; however, precisely because of it, Z-plasty is
mandatory to define the axillary dome.
Another argument against Z-plasty is the transposition of a hairless area into a hair area
and vice-versa. Nonetheless, we should consider that Z-plasty is performed in the middle of
the axilla after considerable resection of hairy skin, making this transposition minimally
perceptible, especially in female patients who are familiar with hair removal. Moreover, Zplasty clearly prevents scar contracture (Figure 7).
Wound closure should be performed as fast as possible. In more extensive cases the
temporary use of staples is recommended, later replaced by definitive suture. This reduces the
edema, which can further make wound closure more difficult and frequently leads to ischemia
in the wound area or to a tourniquet effect in the arm.
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a

b

c

d
Figure 4. Prolonged ellipse technique and Z-plasty. A. Drawing of markings. B. After Z-plasty. C.
Preoperative marking in a patient. D. Immediate postoperative period showing Z-plasty.
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Figure 5. Drawing showing the intraoperative positioning of the upper limbs.

Figure 6. Fixation of the superficial fascia of the arm flaps to the axillary fascia.

Figure 7. Good postoperative (1 year) scar appearance resulting from brachioplasty extended to the thorax.
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The dressing is made with sterile micropore adhesive tape woven in a latticework pattern
on the surgical wound protected by gauze greased with bactericidal ointment. Drains are not
necessary since careful hemostasis is performed and the suture leaves no dead spaces.
Compressive wrapping is not routinely used; however, the use of light compression meshes
applied from the wrist to the thorax is recommended in larger resections. Meshes that
compress only the arm should be avoided because their tourniquet effect may cause distal
edema thus affecting the blood flow in the forearm and hand.

Results
Brachioplasty performed in patients after massive weight loss is extremely rewarding
(Figures 8 and 9). A long scar is the price to pay for a rounder and more aesthetic looking arm
contour. Nonetheless, former obese patients eligible for plastic surgeries receive thorough
information regarding the scars that are to be expected; accordingly, they willingly accept
those resulting from brachioplasty. It should be pointed out that the scar resulting from
resection within the lines marked – as previously described – is located in the posterior
portion of the arm.

a

b
Figure 8. (Continued).
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c

d
Figure 8. “Fish-tail” brachioplasty showing an improved arm contour. A-B. Preoperative period. C-D.
Postoperative period.

Thus, it can hardly be noticed when the upper limb is adducted. Brachioplasty provides
remarkable personal satisfaction since it improves the quality of life by allowing more
effective hygiene and a wider range of motion of the upper limbs. In many aspects it is
extremely rewarding for women since it allows them to wear sleeveless clothes, previously
embarrassing because of their arm deformities.

Complications
When brachioplasty is performed by well-trained hands, complications are not very
significant. On the other hand, even when well-performed, adverse biological factors may be
present that do not depend on the technical accuracy. These are known as events, but are
usually not severe and are easy to solve.
The most common are edema and seroma. Both result from surgical damage, and it
should be pointed out that the greater the damage the more severe the events. Edema usually
resolves within approximately 30 days, and is further improved by upper limb massage, also
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known as lymphatic drainage. Seroma is caused by a local accumulation of post-traumatic
inflammatory exudate. As a rule, drainage sessions under strict asepsis will solve the problem.
Naturally, ecchymosis may also be listed as an event following manipulation and surgical
damage; therefore, soft and delicate maneuvers are recommended to prevent them.

a

b

c
Figure 9. (Continued).
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d
Figure 9. Brachioplasty using the extended ellipse technique. A-B. Preoperative period. C-D. Postoperative
period.

The hematomas which result from failure to observe careful hemostasis techniques are
more severe. When detected early, they should be drained; recurrence imposes surgical
exploration to identify the bleeding vessel and proceed to correct hemostasis. When left
inadequately treated, hematomas may lead to solid cysts that cause unattractive elevations in
the arm and are sometimes accompanied by pain, because of the compressive effect on
subjacent surfaces.
Dehiscence is a complication resulting from tension on the suture, as seen in overresections. Fortunately, dehiscences are partial and sometimes occur even without suture
tension. To understand this complication, it is important to remember that the skin in the
medial aspect of the arm is extremely thin. The suture may not stand the tension of posttraumatic edema, causing the wound to break open. A partial dehiscence heals by second
intention in a short period of time, provided it is cleansed periodically, i. e., two to three times
a day. Larger dehiscences require skin grafts.
Lymphorrhea is a very disagreeable complication. Exeresis made in a deeper plane below
the superficial fascia may lead to damage of lymphatic vessels and subsequent lymphorrhea.
Lymph leakage always occurs through the most distal portion of the incision, close to the
epicondyle. Lymphorhea starts within the first days of the postoperative period and
spontaneously disappears within 30 days. On rare occasions, this lymphorrhea may
accumulate, thus forming a cyst called lymphocele. This complication requires puncture and
drainage sessions; however, the best option is surgical removal of the cyst, maintaining
suction drainage for two to three days.
Infection is an uncommon event, thanks to prophylactic measures. Some of these may
include exhaustive and thorough preoperative cleansing of the entire upper limb using
antiseptic soaps and plenty of water, a procedure that should be repeated several times.
Axillary hair removal should be performed after cleansing, approximately 30 minutes prior to
surgery. Hair removal by means of creams or wax are contraindicated, because these products
can occlude the hair follicle ostium, thus leading to formation of cysts within which bacterial
colonization will occur; this may infect the site and result in infection. Local infections may
determine dehiscence or abscess formation. In the most severe cases, surgical debridement is
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indicated. Use of antibiotics is vital and should target pathogens, as determined by culture and
antibiogram tests. Infections more frequently occur in the axilla; they usually affect small
areas and resolve with cleansing and proper antibiotic therapy.
Skin necrosis may occur, whether due to excessive tension or to infection. In these
situations, the necrotic area is of varying size. Nonetheless, it requires careful resection, but
resection of tissues of doubtful vitality should be avoided, even if this may result in an
additional debridement procedure. In smaller areas, wound healing occurs by second
intention, whereas in larger areas, skin grafting is mandatory on the raw area that remains
after debridement. In both cases, the outcome is poor because the aesthetic appearance is
affected.
Despite its size, the scar resulting from brachioplasty is well accepted by the patients.
This scar may be deformed by hypertrophy or, in more severe cases, it may turn into a keloid
scar.
Hypertrophic scars may result from suture tension. However, we should remember that
incisions are made contrary to the relaxed skin tension lines of the arm, thus favoring
hypertrophic wound healing. This is why scar massage with triamcinolone creams and the use
of silicone sheeting are recommended, even when this event is only remotely suspected. Once
the hypertrophic scar has formed, a scar resection may be performed 6 months to 1 year later,
followed by the use of triamcinolone creams plus silicone sheeting. A keloid scar is
genetically related and more common in individuals with black or yellow skin color. It is a
pathological wound healing that looks very unsightly and has symptoms of pain and itching.
To date, the best approach is resection followed by radiation therapy.
If deeper planes of dissection are reached, neurological changes may occur, the most
common of which are sensory changes in the anteromedial aspect of the forearm. This can
also result from the excessive and inadvertent use of electrocautery that leads to damage of
the anteromedial cutaneous nerve of the forearm. The nerve may also be lodged in the deep
plane closure, and this leads to severe pain. In the first situation, sensitivity is reestablished
spontaneously after 4 to 6 months. In the second, an additional surgical approach is necessary
to remove the nodule lodging the nerve.
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Chapter XV

Pregnancy Complications after
Bariatric Surgery Procedures
Christos Iavazzo
Iaso Maternity Hospital, Athens, Greece

Abstract
Introduction: The application of bariatric surgery has recently spread among obese
women including women of reproductive age. This chapter aims to clarify the role of
bariatric surgery in gestational diabetes, hypertensive disorders during pregnancy , as
well as neonate’s development and birth weight. Moreover, the diet, monitoring and
complications of such women during pregnancy are also discussed. A question is also
raised whether conception should be postponed or not for at least 18 months after
bariatric operation to avoid complications concerning both mother and fetus mainly
associated with nutritional deficiencies due to the anatomical and physiological changes
of such operations.

Introduction
The World Health Organization characterizes obesity a global health problem with a
higher prevalence in women than men. The USA National Institute of Health recommends
bariatric surgery for obese patients with a body mass index (BMI) of at least 40 kgr/m2 and/or
patients with a BMI 35 kgr/m2 with coexisting commorbidity such as diabetes mellitus or
sleep apnea [1]. In the UK, between 2000–2003 approximately 35% of the women who died
in pregnancy, childbirth, or in the postpartum period were obese, while 30% of mothers who
had a stillbirth or neonatal death were obese [2]. Moreover, it is known that obese women
have elevated risk of preterm labour, miscarriage and fetal chromosomal anomalies, as well
as macrosomia [3]. Thromboembolism, gestational diabetes, pregnancy-induced
hypertension, and preeclampsia are also more common entities in those women [4]. They also
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have a greater incidence of dysfunctional labour, caesarian section and postpartum
hemorrhage, as well as associated perioperative morbidity [4].
Bariatric surgery is the most effective treatment for obesity, resulting in considerable
weight loss and improvement in many comorbidities [5]. The total number of bariatric
surgery operations has increased during the last decade among obese women of reproductive
age. Women aged 18-45 account for 83% of all bariatric surgery procedures [6]. There is
increasing evidence to suggest that weight loss after bariatric surgery can improve maternal
and perinatal outcomes. The most widely applied procedures of bariatric surgery are the
laparoscopic gastric banding and the Roux-en-Y operation. Women who conceive after
bariatric surgery usually seem to have uncomplicated pregnancies, but special attention is
required to some complications that can occur after these procedures. Physicians must have
concerns regarding the safety of pregnancy after bariatric surgery as the number of bariatric
surgeries being performed in women is increased.
The aim of this chapter is to discuss the related problems during pregnancy in women
who have undergone bariatric surgery.

Discussion
A careful review of the literature suggests that the optimum way to reduce obesityassociated morbidity is by weight reduction before pregnancy [7]. Bariatric surgery is a
popular, safe and effective treatment for obesity. Weight reduction has been shown to change
the hormonal imbalance of the oligomennorheic, hyperinsulinemic and hyperandrogenemic
obese woman leading to an improved menstrual regularity, ovulation, and an increased
fecundity by normal or IVF procedures [8, 9]. In a prospective study of 17 obese patients with
PCOS, a decreased hirsutism and blood levels of androgens, as well as menstrual regularity
were found in all women after bariatric surgery [10].
Bariatric surgery results in many anatomic and physiologic changes in the abdomen and
consequently affects future pregnancies causing perinatal complications associated with
nutritional deficiencies. Common complications encountered are iron, follate, calcium,
vitamin A, vitamin B12 and vitamin K deficiencies that are causatively related with
gestational complications [11, 12]. It was shown that women with history of bariatric surgery
had iron deficiency in 80% of the pregnancies, vitamin D in 46,7%, vitamin A in 20%,
vitamin E in 13,3% and vitamin B12 in 26,7% (13). Obese women having undergone a
bariatric operation before pregnancy usually face anemia problems, for this reason iron and
multivitamin supplements should be prescribed in such women [14]. Less common
complications during pregnancy are hyperemesis, intestinal hernias, strangulation of upper
jejunum [15], hypoxic hepatitis [16]. Fetal cerebral hemorrhage caused by vitamin K
deficiency [17] and neural tube defects due to follate deficiency [18] are also serious fetal
complications presented in the literature.
Although, it is suggested that women should delay pregnancy for at least one
postoperative year, in a recent review by Karmon et al. it was suggested that future studies
should examine the safety of earlier postoperatively programmed pregnancies [19]. Sheiner et
al. showed that women who conceived the first postoperative year had no significant
differences in hypertensive disorders (15. 4% in the early vs 11. 2% in the late postoperative
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pregnancy; P = . 392); diabetes mellitus (11. 5% vs 7. 3%; P = . 392); perinatal outcomes,
such as congenital malformations (1. 9% vs 1. 3%; P = . 485); or bariatric complications (6.
7% vs7. 0%; P = . 392) [20] Moreover,, our findings support such a proposal [21]. The weight
loss and marked reduction in food intake following bariatric surgery does not lead to growth
or development problems for the neonate [22], however weight stabilization is strongly
recommended after bariatric surgery, before a pregnancy occurs [23]. Obstetricians should
cooperate with surgeons in order to achieve a close postoperative monitoring and control of
weight gain and appropriate nourishment [24].
According to recent reports gestational complications were less common between women
who underwent bariatric surgery. Ducarme et al. showed that among obese women, the
incidence of adverse outcomes was less in those who underwent gastric banding than in those
who did not [25]. In a recent review [26], it has been shown that pregnancy after Roux-en-Y
gastric bypass is safe with an incidence of perinatal complications similar to that of non obese
patients and lower than that of obese patients who had not undergone bariatric surgery.
Furthermore, in another study no differences in neonatal outcomes were found in pregnant
women after bariatric surgery [27].
More analytically, in a recent review, Magdaleno et al. showed an improved fertility and
a reduced risk of gestational diabetes, pregnancy-induced hypertension and preeclampsia,
macrosomia in pregnant women after bariatric surgery. However, the incidence of IUGR and
SGA infants were found to be elevated. In this study, no conclusions concerning the risk for
cesarean delivery and the best surgery-to-conception interval could be drawn [28].
Belogolovkin et al. in a retrospective cohort study showed that non-obese mothers with
bariatric surgery history were more likely to have anemia, chronic hypertension, endocrine
disorders, and SGA infants, whereas obese mothers without prior bariatric surgery were at
greater risk of having gestational diabetes, chronic hypertension, macrosomic infants, as well
as prolonged hospital stay compared to non-obese mother without prior bariatric surgery [29].
Weintraub et al. in a retrospective study showed a significant reduction in gestational diabetes
rates (17. 3% versus 11. 0%; P = 0. 009) and hypertensive disorders in pregnancy (23. 6%
versus 11. 2%; P = 0. 001) of women with a prior history of bariatric surgery [12]. Similarly,
another study showed that such women had substantially lower rates of preeclampsia and
eclampsia (odds ratio 0. 20, 95% confidence interval 0. 09 to 0. 44), chronic hypertension
complicating pregnancy (0. 39, 0. 20 to 0. 74), and gestational hypertension (0. 16, 0. 07 to 0.
37), even after adjustment for age, multiple pregnancy, surgical procedure, and preexisting
diabetes [30). In different studies, a reduction of fetal macrosomia was shown in pregnant
women with bariatric surgery especially after Roux-en-Y gastric [12, 31]. However, such
procedures could cause nutritional deficiencies which might be the cause of an increased rate
of IUGR or SGA infants in post-bariatric surgery patients compared with controls [25, 31].
The time period between bariatric surgery and pregnancy has not been shown to affect birth
weight. Regarding miscarriage rates, a decline of 33. 3% to 7. 8% was shown in women with
a history of bariatric surgery [9], while no such correlation was found for preterm labor rates
in women with or without bariatric surgery matched for BMI [32, 33]. Similar perinatal
mortality rate, as well as congenital malformations rates were found comparing all
pregnancies of patients with and without previous bariatric surgery [34]. Gastric banding is
well tolerated during pregnancy [35]. Total dysphagia, severe epigastric pain vomiting after
the first trimester of pregnancy and IUGR fetuses are the more serious complications in
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women after gastric banding surgery [36]. Similarly, Guelinckx et al. also found an increased
risk of IUGR embryos [11].
Stone et al. tried to investigate what happened in women who underwent bariatric surgery
but remained obese [37]. Those women had higher rates of cesarean section (63. 5% vs. 36.
0%, p=0. 010) and development of pregnancy-related hypertension (36. 5% vs. 8. 0%, p=0.
001) compared to non-obese women while no difference was mentioned in development of
gestational diabetes, gestational age at delivery, neonatal intensive care unit admission, or
nursery days [37].
Regarding the different types of bariatric surgery, no difference in the affect on
pregnancy outcome were found. More specifically, in a retrospective study including 449
deliveries (of which laparoscopic gastric banding (LAGB; n = 202), silastic ring vertical
gastroplasty (SRVG; n = 136), and vertical-banded gastroplasty (VBG; n = 56)-and Roux-enY gastric bypass (RGB, n=55), no significant differences were noted between the groups
regarding BMI before the bariatric surgery or prepregnancy BMI, while patients following
LAGB had significantly higher BMI before delivery (36. 8 +/- 5. 9 kg compared to the SRVG
33. 4 +/- 6. 0, VBG 34. 2 +/- 5. 4, and RGB 34. 9 +/- 6. 8 groups; p < 0. 001). Following
LAGB, patients had higher weight gain during pregnancy (13. 1 +/- 9. 6 kg) compared to the
SRVG (8. 8 +/- 7. 4), VBG (8. 5 +/- 8. 0), and RGB (11. 6 +/- 9. 6; p < 0. 001) groups. The
interval between operation and pregnancy was shorter in the LAGB group (22. 8 months)
compared to the SRVG (41. 0) and the VBG (42. 1) groups and was significantly higher in
the RGB group (57. 4; p < 0. 001). Birth weight was significantly higher among newborns of
patients following RBG (3,332. 8 +/- 475. 5 g) compared to the restrictive procedures (3,104.
3 +/- 578. 7 in the LAGB, 3,086. 7 +/- 533. 1 in the SRVG, and 3,199. 2 +/- 427. 2 in the
VBG groups). It should also be noticed that no significant differences in low birth weight
(<2,500 g) or macrosomia (>4,000 g), or low Apgar scores or perinatal mortality were noted
between the groups [20]. Facchiano et al. compared laparoscopic adjustable gastric banding
and laparoscopic Roux-en-Y gastric bypass in a series of morbidly obese women with respect
to maternal and neonatal outcomes [38]. The results of the two groups were comparable
regarding age, parity, gravidity, interval from surgery to conception, weight and BMI at
conception, weight and weight gain during pregnancy, weight and BMI at 2 weeks after
pregnancy, complications during pregnancy, gestational age, method of delivery, fetal birth
weight, and fetal outcome while only the preoperative weight and BMI were greater in the
laparoscopic Roux-en-Y gastric bypass group. A higher frequency of cesarean deliveries was
found in both groups [38]. Future studies with larger numbers of participants should be
encouraged in order to reach safer conclusions regarding interactions between bariatric
surgery and pregnancy. An interesting perspective would be to compare the nutritional state
of newborns of pregnant women who did and did not undergo bariatric surgery or to compare
the outcome between women who conceived earlier to those who conceived later after
surgery.

Conclusion
The number of bariatric surgeries performed in obese women has increased the last
decade. It is believed that conception after bariatric surgery should be postponed for 18
months because the time of weight loss should not be the same with the time of pregnancy’s
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elevated nutritional needs. During pregnancy, daily multivitamin consumption and close
supervision are suggested in order to avoid gestational complications related with nutritional
deficiencies. Most women after bariatric surgery have successful pregnancy outcomes with
minimum complications regarding gestational diabetes and hypertension or lower birth
weight.
Further studies are required regarding the long-term maternal outcomes in pregnancies
after bariatric surgery as well as the effect on the offspring. A multidisciplinary team
management including cooperation between obstetrician, general surgeon, endocrinologist,
gastrentrologist, and dietologist is proposed.
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Iaso, Maternity Hospital, Athens, Greece

Abstract
This chapter presents the role of bariatric surgery operations in the improvement of
the pelvic floor disorders that many obese patients mainly women are facing.

Introduction
Obesity is a state of excessive body weight and adipose tissue mass. A proper diagnosis
of obesity would require the so called body mass index (BMI), which is defined as
weight/height2 (kg/m2) or assessment of body fatness by the dual energy x-ray absorptionmetry. The cut-off point for obesity is a BMI =30 kg/m2 [1]. According to the World Health
Organization [1], obesity is classified as class I for a BMI between 30 and 34. 9 kg/m2, class
II for a BMI between 35 and 39. 9 kg/m2, and class III for a BMI ≥ 40 kg/m2 [1]. Current
data estimate that there are 300 million obese adults worldwide living especially in the
developed countries [1, 2]. A rise was also noticed in the younger population (18 to 29 years)
and especially in women. The impact of obesity on quality of life is broad causing pelvic
floor disorders among other conditions.
Pelvic floor disorders (urinary or faecal incontinence and pelvic organ prolapse) are
common conditions affecting many obese women today. The exact prevalence of pelvic floor
disorders in the general population is approximately 11%, but it should be higher in obese
women [3]. In the different studies, pelvic floor disorders affect between 2% and 42% of
women, depending on the definition of the condition and the study population [4-6].
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Chronically increased abdominal pressure is the main mechanism causing the
development of pelvic floor disorders as it overts structural damage or neurologic dysfunction
predisposing to prolapse and incontinence [7-10]. Animal studies showed an association
between obesity and urinary incontinence by evaluating urethral sphincter incontinence,
urethral length or tone [11]. Elevated abdominal and intravesical pressures are also found in
patients with increased sagittal abdominal diameter and elevated BMI [7], while significant
weight loss improves stress urinary incontinence [12, 13]. The etiology of pelvic floor
disorders also includes either the direct injury and denervation to the pelvic floor musculature
or defects in the supporting system of the endopelvic fascia and ligaments [14]. Some studies
suggest that neurogenic disease caused by obesity might lead to pelvic floor disorders [11].
For example, a study proposed that the risk for abnormal median nerve conduction was 3. 5fold greater in obese workers [15], while a higher incidence of lumbar disk herniation is also
found in obese patients [16]. Conditions such as menopausal status, chronic constipation,
chronic cough, and heavy lifting major predisposing factors [17].
It was shown that although signs of pelvic organ prolapse are frequently observed, the
condition seldom causes symptoms especially in younger ages [18]. However, vaginal or
uterine descent at or through the introitus can become symptomatic. Symptoms may also
include a sensation of vaginal fullness or pressure, sacral back pain with standing, vaginal
spotting from ulceration of the protruding cervix or vagina, coital difficulty, lower abdominal
discomfort, and voiding and defecatory difficulties [18].
Since weight is a modifiable risk factor for incontinence, weight reduction may be an
effective treatment . Studies of weight loss have examined its effects and explored the
pathophysiologic mechanisms of improvement in pelvic floor disorders. The aim of our study
is to clarify the role of bariatric surgery procedures in improvement of pelvic floor disorders
and quality of life of obese women.

Discussion
More than 90 percent of morbidly obese women experience some degree of pelvic floor
disorders, and 50 percent of these women report that symptoms adversely impact quality of
their life [19]. In these women, obesity was found to be strongly correlated in predicting
pelvic floor disorders in the same extent as obstetric history [19]. An association between
obesity and urinary incontinence exists, while the association between obesity and other
pelvic floor disorders is less clear.
However, Chen et al. showed the presence of any pelvic floor disorder in 75% of the
obese patients compared with 44% in non-obese (P <. 0001) [20]. More obese patients
experienced stress urinary incontinence, urge urinary incontinence, and anal incontinence, but
not pelvic organ prolapse. The severity of those symptoms were higher in more obese patients
[20].
A number of studies have shown improvements in urinary incontinence after bariatric
surgery [8, 13, 21, 22]. Evidence indicates that massive weight loss (45 to 50 kg) improves
incontinence in morbidly obese women after bariatic surgery [12, 13]. Fifty per cent
reductions in incontinence frequency were observed among women who lost as little as 5% to
10% of baseline weight. Women who achieved a weight loss of 5% or greater had at least a
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50% reduction in incontinence frequency (p =0. 03) [23]. It is reported that an average weight
loss of 69% of excess body weight could lead to significant changes in sagittal abdominal
diameter (32 to 20 cm, P < 0. 0001) and intravesical pressure (17 to 10 cmH2O, P < 0. 001)
[22]. In another study, a weight loss greater than 50% leads to a reduction in stress urinary
incontinence from 61 to 11. 6% (P < 0. 001) [12]. Similar studies reported improvement in
urodynamic parameters after bariatric surgery operations [8, 13]. Greater weight loss was
associated with greater improvement of incontinence; as from the patients who lost more than
18 BMI points, 71% regained urinary continence [24].
The role of obesity in faecal incontinence is less well defined. The prevalence of faecal
incontinence in the general population is reported to be 2 to 9% [5, 25]. Obesity appears to be
correlated with higher rates of faecal incontinence and diarrhoea.
However, in morbidly obese patients undergoing evaluation for bariatric surgery, the
prevalence of anal incontinence was notable at 32%, while incontinence of liquid stool was
21. 1% and solid stool was 8. 8% [26].
The effects of bariatric surgery on these conditions are not well defined. A systematic
review showed that faecal incontinence improved after Roux-en-Y gastric bypass in studies
with preoperative data, while the effects of bariatric surgery on diarrhoea were unclear [27]. It
should be mentioned that one of the major disadvantages of the biliopancreatic diversion with
duodenal switch operation is diarrhea. Although duodenal switch is associated with more
bowel episodes than gastric bypass, the difference is not statistically significant. More
specifically, bowel habits were found to be similar in patients who achieved 50% estimated
body weight loss with duodenal switch surgery or gastric bypass [28]. Surgically induced
weight loss has a beneficial effect on symptoms of pelvic floor disorders in morbidly obese
women.
In a questionnary based study, it was shown that the prevalence of pelvic floor disorders
symptoms improved from 87% before surgery to 65% after surgery [29]. There was also a
significant reduction in total mean distress scores after surgery, which was attributed mainly
to the significant decrease in urinary symptoms.
Moreover, reductions in the scores were noted for the other pelvic floor disorders, while
quality of life total scores also improved. Age, parity, history of complicated delivery, percent
excess body weight loss, BMI, type of weight loss procedure and presence of diabetes
mellitus and hypertension had no predictive value for postoperative outcomes in the same
study [29]. Cuichi et al. evaluated clinically and instrumentally pelvic floor disorders before
and after bariatric surgery in obese women and found that a clear association exists between
BMI and urinary incontinence [30]. Weight loss after bariatric surgery resulted in improved
urinary incontinence, fecal incontinence, and symptoms of pelvic organ prolapse. [30]. After
a mean BMI reduction of 10 kg/m(2), the prevalence of pelvic floor disorders decreased to
48% (P = . 02), with a significant improvement in quality of life. The prevalence of urinary
incontinence decreased from 61% to 9. 2% (P = . 0001) and was associated with the decrease
in postoperative BMI (P = . 04) (30). On the other hand, according to McDermott et al. the
prevalence of pelvic floor disorders did not improve greatly after surgery. More specifically,
even with significant weight loss (BMI, 43. 7 kg/m(2) to BMI, 29 kg/m(2); P < 0. 001), there
was no significant difference in the prevalence of pelvic floor symptoms before and after
surgery (94% to 81%, P = 0. 2) the first postoperative year [31]. However, significant weight
loss improved the degree of bother and quality of life related to these symptoms as it was
shown by PFDI-20 and PFIQ-7 scores [31].
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Conclusion
Bariatric surgery can lead to significantly weight reduction of obese women. This method
also acts as a treatment for the pelvic floor disorders that those women face by offering
improvement in incontinence and quality of life.
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Chapter XVII

Bariatric Surgery:
A Medicolegal Perspective
O. A. Khan, K. M. Reddy and K. A. Hamdan
Department of Upper Gastrointestinal Surgery, St George’s Hospital, London, UK
Digestive Diseases Department, Brighton and Sussex University Hospitals, Brighton, UK

Abstract
There has been a steady increase in the number of medicolegal claims following
bariatric surgery. This is due to a number of factors including high patient expectation,
the technical demands of surgery itself and the requirement for on-going lifelong followup. In order to avoid medicolegal pitfalls it is essential to have a robust consenting
process; perform well-documented and technically proficient surgery and provide a
comprehensive follow up strategy. In addition there is an increasing burden on the nonspecialist surgeon to manage bariatric surgical emergencies. Although the medicolegal
standard applied to such non-specialists is lower than that expected from a specialist unit,
close collaboration with a specialist centre is strongly advised to prevent successful
medicolegal claims.

Introduction
Despite advances in the peri-and post-operative management of bariatric surgical
patients, bariatric procedures are still associated with a significant incidence of early postoperative and long term morbidity. As a consequence of this and other factors, there has been
a steadily increasing rate of medical negligence claims in bariatric surgery - a fact which has
reflected in steadily rising insurance premium for bariatric surgeons worldwide. In this
chapter, we will explore some of the issues underlying bariatric surgical litigation, analysing
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the legal principles underpinning such claims as well as a potential medical legal pitfalls
associated with bariatric surgery. This chapter will also attempt to define the role of the
general surgeon and the medicolegal ramifications of looking after post-bariatric surgery
patients who are admitted with complications. Given the wide variations in legal tradition and
statutes and in individual jurisdictions, we have chosen to use template of English law in this
chapter in order to illustrate the wider principles associated with bariatric medical legal
claims.

Legal Principles
In most jurisdictions, with the exception of gross clinical negligence, the vast majority of
clinical negligence claims comes under the purview of civil litigation. In English law, all
clinical negligent cases are considered under the principles of tort law. For any clinical
negligence case to be successful, the plaintiff must demonstrate that:
1) The doctor or hospital had a duty of care
2) This duty of care was breached
3) That this breach in turn materially contributed towards harm which was both
foreseeable and quantifiable
4) But for the breach of duty, this harm could have been avoided.
With particular reference to bariatric surgery, the main areas of contention surrounding
most medico-legal cases centre around the validity of the patient's consent; the performance
of surgery itself and the management of the patient following surgery. With respect to
question of what constitutes the valid and informed consent different jurisdictions apply
different rules. For example many states in the USA, applied the so-called “prudent patient
test” - in other words for consent to be valid, the patient would need to be given all material
information necessary for a “prudent patient” to make an appropriate decision. By contrast,
consent under English law has been governed by the so-called “Bolam principle”- namely
that provided a body of medical practitioners would agree with the consenting process, it
would be deemed to be of an acceptable standard.
Moreover this principle not only applies to consent, but all aspects of pre-, intra- and
post-operative management. This approach of peer validation has been criticised as allowing
too much leeway to medical practitioners and it should noted in the majority of legal
jurisdictions do have higher standards which medical practitioners need to attain in order to
prevent successful claims of negligence.
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Bariatric Surgery
and the Medicolegal Environment
Despite the general reduction in peri-operative morbidity and mortality following elective
surgery seen in the Western world in the last 20 years, there has been an increase in the
number of claims in the bariatric surgery. Indeed, in the United Kingdom, bariatric surgery is
now classed one of the highest litigation risks by the major medical insurance companies. The
reasons for this are multifactorial, but include:
1. Patient expectation- Bariatric patients have a high incidence of depression and
psychological disorders as compared to the general population. This can lead to
unrealistic expectations of what surgery can offered to them this consequence of this,
these patients may have an increased tendency to seek legal redress should these
expectations not be met. In addition, bariatric patients tend to be better informed
about their operations than patients undergoing most other forms of surgery typically
due to the high level of information and support groups available on the Internet.
Finally in most countries with a predominantly state-funded health care system, there
is often an underprovision of bariatric surgery in the publically-funded hospitals. As
a consequence of this, a large number of patients are forced to pay these operations
privately and as such tend to have a lower threshold for complaining should
something go wrong.
2. Nature of surgery: Bariatric surgery is a relatively new, technically-demanding and
rapidly developing branch of surgery. Although, there are now established fellowship
programmes to allow junior surgeons to develop their skills under appropriate
supervision and mentorship, a significant proportion of bariatric surgery is performed
by surgeons whose primary training and experience is in resectional upper
gastrointestinal surgery. Although a large number of these skills are transferable to
bariatric surgery, some surgeons (particularly those trained in the era of open as
opposed to laparoscopic surgery) may not have the training necessary to perform
laparoscopic bariatric surgery to a high level. Similarly bariatric operations pose
considerable challenges to anaesthetists, many of whom may not have the familiarity
and experience to deal with particular medical issues associated with the morbidly
obese. Finally many hospitals do not have the specialist equipment needed to deal
with challenges of managing bariatric patients (eg CT scanners capable of coping
with the weight of the morbidly obese).
3. Postoperative care: Unlike traditional resectional gastrointestinal surgery where the
vast majority of clinical input occurs in the immediate postoperative period, bariatric
patients tend to require continued longer-term follow-up and supervision. For
example patients with gastric bands require multiple band adjustments whilst patients
undergoing gastric bypass and duodenal switch require multivitamin supplementation
for life and regular monitoring of their micronutrient levels. In addition, a significant
number of patients represent with emergency complications related to their bariatric
procedures many years following their original surgery, a subject that will be
discussed later in this chapter. For example patients with gastric bands may present
with acute band slippage whilst gastric bypass patients may present with intestinal
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obstruction secondary to internal hernia. The management of these conditions can be
a source of medicolegal claims, particularly as the late diagnoses of these problems
can result in significant long-term ongoing morbidity. Finally, a significant portion of
patients regain weight in the longer term following surgery and this can be a source
of dissatisfaction and potential litigation.

Burden of Medical Legal Claim in Bariatric Surgery
Despite the obvious importance of medicolegal claims in bariatric surgery, there is
surprising little in medical literature on this subject. In the largest study on this topic, Cotta et
al. [1] reviewed the case notes of 100 consecutive bariatric lawsuits. The most common
adverse events initiating litigation were leaks followed by intra-abdominal abscess, bowel
obstruction, major airway events, organ injury and pulmonary embolism. In terms of clinical
outcomes, 32 patients had a documented intra-operative complication and 72 required
additional surgery. A total of 53 of the patients died and 28 had a full recovery with
remainder having minor or major disability. Analysis by a medical malpractice lawyer found
potential negligence in 28% of cases - the most common cause of negligence being delay in
diagnosis of a complication or misinterpretation of vital signs.
Interestingly, surgeons with a low level of experience (i.e. less than one year of
experience in bariatric surgery) were most likely to be involved in lawsuits. It should be noted
that this analysis was performed on cases performed between 1997 and 2005 and as such
included a significant number of operations which are which are no longer routinely
undertaken such as vertical banded gastroplasty and open gastric bypass. In addition, none of
the patients in the cohort underwent gastric band insertion which again probably reflects the
timeframe during which this study was conducted. In a similar study Bruguera et al. [2]
reviewed the case files of 49 medicolegal bariatric cases presented to the Professional
Liability Department of the Catalonian Medical Colleges Council from 1992 to 2009. In 47%
of the cases the patients died, 21% made a complete recovery and the remainder had some
residual impairment. The most frequent causes of death were peritonitis due to suture
dehiscence (48%), and respiratory complications Malpractice was considered to have
occurred in 20% of cases and interestingly in 6% of cases the surgeons were convicted in
criminal court of criminal negligence.
In both of these studies, the finding of negligence was typically based on the failure to
detect complications in a timely fashion as supposed to the complications themselves. It
should also be noted that both studies focused on early postoperative complications associated
with bariatric surgery and did not analyse litigation associated with late complications
following surgery.

Avoiding Medicolegal Pitfalls in Bariatric Surgery
Given the rising burden of the medicolegal claims, the obvious question for any bariatric
surgeon is how these can be avoided. Although there are no hard and fast rules on this
subject, the following principles should be useful in reducing and mitigating medicolegal
claims following surgery:
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1. Consenting: It is critical that bariatric patients undergo a fully informed consenting
process. This consists of pre-operative counseling preferably by the operating
surgeon as to the risks and benefits of bariatric surgery. Although individual patient’s
medical co-morbidities must be taken into consideration in counseling patients as to
the risks of surgery, the following generic risks should be emphasised:
a) Laparoscopic gastric band insertion- In terms of the significant and serious risks
of this procedure, these include bleeding, deep vein thrombosis and pulmonary
embolism and collateral injury to the surrounding structures during port
insertion. The patient should be made aware that the band will require multiple
adjustments and be counseled as to the risks of infection of the band, tubing and
the port site as well as the risk of the band tubing fracturing or disconnecting
leading to a loss of fluid and hence restriction in the band. Finally, the patient
must be aware of the long term risks of band slippage and erosion necessitating
revision surgery.
b) Laparoscopic sleeve gastrectomy- The risks of this procedure include bleeding,
infection, collateral injury to the surrounding structures and staple line leakage.
Overall, the mortality rate from this procedure estimated to be 1 in 1000. The
procedure is irreversible and there is at present limited long-term data on the
outcomes in terms of weight regain.
c) Laparoscopic gastric bypass- The immediate postoperative risks of this
procedure include bleeding, infection, deep vein thrombosis and pulmonary
embolism and anastomotic leak. The overall mortality rate for this procedure is
approximately 1 in 200. In addition, the patients need to be aware that there is a
long term risk of internal herniation and they will require vitamin supplementation and regular blood test monitoring for life.
All patients should be counseled that there is a significant chance of weight regain after
any bariatric procedure and their expected weight loss will be determined by a number of
factors including the technical performance of the operation and the patient’s willingness to
alter their behaviour in terms of the dietary intake following surgery. All patients should also
be warned that they will have a significant risk of loose overhanging skin after surgery which
may require plastic surgical intervention.
Following surgical consultation patients should be discussed in a multidisciplinary team
environment with the involvement of dietitians, psychologists, anaesthetists and physicians.
The purpose of the multidisciplinary team involvement is to assess suitability of the patient
for bariatric surgery and also in conjunction with the patient to decide which bariatric
operation best suits each individual patient. The patient should also be given a written
summary of the risks and benefits of each of the bariatric operations and allowed a cooling
period prior to surgery to allow them to take stock of their options before written consent is
reconfirmed.
2. Technical performance of the operation: There is surprisingly little in the literature
on what constitutes an appropriate medicolegal standard in the performance of
surgery. Clearly gross technical errors (eg the attachment of the biliary limb to the
gastric pouch during gastric bypass surgery – the so-called Roux en O) are
indefensible but these are relatively rare. As previously discussed, the most common
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cause of successful litigation is failure to detect and act on the complications in a
timely manner. For example although a leak following gastric bypass surgery is not
in itself an indicator of negligence, failure to detect and act upon this would be regard
as a negligent error. This can be problematic as the signs of leak can be subtle and as
such bariatric surgeons should have very low threshold for investigating patients
whose clinical recovery appears to be delayed. In addition to surgical complications,
it should be noted that bariatric patients often have significant co-morbidities which
need to be optimally managed during their hospital stay. In particular, bariatric
patients have a high risk of deep vein thrombosis and suitable thromboprophylaxis is
an essential part of their care.
3. Post-discharge management: Following discharge from hospital, patients should be
given written advice regarding their dietary intake in the immediate postoperative
period and appropriate information regarding their vitamin supplementation.
Although these patients should ideally be followed up for life by the bariatric team
and this may not be logistically feasible, however if a patient is to be discharged it is
incumbent on the bariatric surgeon to ensure that appropriate follow-up is arranged
with their primary care physician.

Bariatric Medicolegal Issues
for the Non-Specialist
There is an increasing burden of patients presenting to their primary care physician or
emergency department requiring either routine follow-up or emergency management of
complications related to bariatric surgery.
The reasons for this recent rise in the number of patients requiring clinical input from
non-specialist, non-bariatric institutions are multifactorial and include:
1) As the number of patients who have had bariatric surgery grows, there is a growing
pool of patients within the community susceptible to the potential long-term
complications associated with bariatric surgery.
2) Given the specialist nature of bariatric surgery, there are relatively few bariatric
centres and hence patients often have travel a long distance to have their surgery in
these specialist hospitals. In addition, there is a large, well-advertised international
market for bariatric operations and hence many patients do go abroad for their
surgery. Both of these classes of patient are likely to access their local health services
as opposed to their original institution.
3) Unlike patients undergoing resections for gastrointestinal cancer, bariatric patients
are relatively young. As such there is a significant incidence of patient migration for
work or personal reasons from the area where the original surgery was performed.
4) Sub-optimal follow-up by their bariatric surgical unit can result in patients presenting
in extremis with for example metabolic complications following a failure to monitor
and adjust vitamin supplementation after gastric bypass.
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Typical emergency presentations related to bariatric surgery include early post-operative
complications such as late anastomotic leak as well as long-term complications many years
following surgery (eg gastric band slippage and internal herniation following Roux-en-Y
gastric bypass surgery). These patients present a particular clinical problem for institutions
administering emergency care. For start patients presenting as emergencies will typically will
go to their local Emergency Department, and these hospitals may not have surgeons with
familiarity in bariatric surgery nor experience in dealing with post-bariatric surgical
emergencies. In addition, the facilities in such hospitals may not be able to cater for the
special needs of morbidly obese patients. The question which then arises is- what is the
minimum medicolegal standard of care that these hospitals need to provide to such
emergency bariatric patients? Although these standards can vary from jurisdiction to
jurisdiction, under English law, the hospital will be expected to provide a standard of care
provided by a reasonably competent general surgeon in a non-specialist hospital, as opposed
to the optimum standard of care which would be afforded by a specialist bariatric unit. An
important principle is that these patients should be discussed at the earliest opportunity with a
bariatric unit (ideally the institution where the surgery was originally performed) and, where
possible and appropriate, early transfer of the patient should be arranged. However this
should not delay treatment as the majority of complications after bariatric surgery tend to be
general surgical complications (eg intestinal obstruction) and as such the management of
these complications should be within the remit and capacity of a general surgeon covering the
emergency take. Failure to recognise these problems early and intervene in a timely fashion is
one of the most common causes of preventable, major long-term disability or death in
bariatric surgical patients and hence such failures should be considered to be sub-standard
provision of care.

Conclusion
Bariatric surgery is designed in conjunction with other behavioural modifications to
improve the long-term functional outcome of patients. Unlike traditional resection of
gastrointestinal surgery, bariatric surgery requires a different paradigm
with a truly multidisciplinary approach both pre- and post-operatively to improve the
long-term functional outcomes of patients. This in turn creates a large number of medical
legal pitfalls which, in ever more litigious society are likely to result in more legal claims.
However with appropriate multidisciplinary involvement and robust protocols for the pre-,
intra- and postoperative management of these patients these risks can be mitigated and
reduced. Finally it should be noticed that we have so far focused exclusively on the
medicolegal aspects of patients enrolled within a surgical programme. However, in countries
such as the United Kingdom with a predominantly state-funded health care system, there is a
growing problem with access to publically-funded bariatric surgery. For example in the
United Kingdom, less than 1% of the patients who would benefit clinically from bariatric
surgery are in fact funded for this operation. It is likely that this rationing of bariatric surgery
will become a significant source of medicolegal claims in the future.
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