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Abstract
Accurate diagnosis of predominantly colonic inflam-
matory bowel disease (IBD) is not possible in 30% of 
patients. For decades, scientists have worked to find 
a solution to improve diagnostic accuracy for IBD, en-
compassing Crohn’s colitis and ulcerative colitis. Evalu-
ating protein patterns in surgical pathology colectomy 
specimens of colonic mucosal and submucosal compart-
ments, individually, has potential for diagnostic medicine 
by identifying integrally independent, phenotype-specific 
cellular and molecular characteristics. Mass spectrom-
etry (MS) and imaging (I) MS are analytical technolo-
gies that directly measure molecular species in clinical 
specimens, contributing to the in-depth understanding 
of biological molecules. The biometric-system complex-
ity and functional diversity is well suited to proteomic 
and diagnostic studies. The direct analysis of cells and 
tissues by Matrix-Assisted-Laser Desorption/Ionization 

(MALDI) MS/IMS has relevant medical diagnostic po-
tential. MALDI-MS/IMS detection generates molecular 
signatures obtained from specific cell types within tissue 
sections. Herein discussed is a perspective on the use 
of MALDI-MS/IMS and bioinformatics technologies for 
detection of molecular-biometric patterns and identifica-
tion of differentiating proteins. I also discuss a perspec-
tive on the global challenge of transferring technologies 
to clinical laboratories dealing with IBD issues. The 
significance of serologic-immunometric advances is also 
discussed. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel disease; Diagnosis; 
Advances and challenges; MALDI-MS/IMS; Molecular 
biometrics; Immunometrics

Core tip: Pouch surgery (the restorative proctocolec-
tomy and ileal pouch-anal anastomosis for the cura-
tive surgical treatment of ulcerative colitis and familial 
adenomatous polyposis) replaces the colon and rectum 
after proctocolectomy with a pouch constructed from 
the distal small bowel (ileum) and sutured to the anal 
canal above the dentate/pectinate line preserving the 
anal sphincters. The operation restores gut continuity, 
defecation, deferral, and discrimination, if the diagnosis 
is correct, which is unpredictable in 30% of the colonic-
inflammatory bowel disease-patients. Mass spectrome-
try and imaging mass spectrometry are groundbreaking, 
non-invasive analytical technologies with the ability to 
directly measure individual molecular species in complex 
clinical specimens. These technologies provide quanti-
tative and qualitative analysis of cellular systems, and 
allow differentiation between disease and normal mol-
ecules from the same organ. These characteristics offer 
diagnostic and prognostic value for clinical medicine.

M’Koma AE. Diagnosis of inflammatory bowel disease: Po-
tential role of molecular biometrics. World J Gastrointest Surg 
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INTRODUCTION
Inflammatory bowel disease 
Colonic inflammatory bowel disease (IBD) comprises 
Crohn’s colitis (CC) and ulcerative colitis (UC), a group 
of  diseases of  the gastrointestinal (GI) tract character-
ized by chronic relapsing and remitting inflammation[1,2]. 
IBD affects as many as 1.6 million persons in the United 
States and 2.2 million in Europe. The incidence is in-
creasing worldwide[1-5]. In spite of  advances in IBD-ther-
apy, IBD hospitalizations and surgery rates in the United 
States have increased significantly since 1990[6]. IBD is 
one of  the five most prevalent GI disease burdens in 
the United States, with annual overall health care costs 
of  more than $1.7 billion[7,8]. One to two of  every 1000 
people in developed countries are affected with IBD[9], 
and global rates seem to be increasing[1,10-12], attributable 
to the rapid modernization and Westernization of  the 
population[1]. These chronic diseases result in significant 
morbidity and mortality, compromising quality of  life 
and life expectancies. While there is no drug for cure for 
these diseases, the last three decades have seen major ad-
vances in the molecular understanding intestinal immune 
responses and how they relate to IBD. This, in turn, has 
led to the development and refinement of  several new 
treatments. Most significant has been the development 
of  restorative proctocolectomy (RPC) with ileal pouch-
anal anastomosis (IPAA). The pelvic pouch surgery 
allows for the removal of  the entire colon while main-
taining transanal fecal continence without a permanent 
diverting loop ileostomy. The success of  RPC (judged by 
the entire removal of  a diseased colon while preserving 
gastrointestinal continuity, bowel evacuation, continence 
and fertility) restores physiological function and greatly 
improves patient health quality of  life. Successful RPC 
also frees the healthcare system from the immense bur-
den of  current lifelong, non-curative treatments. These 
outcomes are dependent on a correct diagnosis and me-
ticulous surgical techniques available at well-established 
IBD centers[13-15].

The etiology of  IBD poorly understood. The general 
consensus holds that IBD is an automatic dysfunction 
triangle of  antigen and antibody reaction against mucosal 
response to commensal bacteria. The fundamental ques-
tion is why the immune system responds aggressively to 
harmless, ever-present bacteria, releasing complex mixes 
of  cytokines, chemokines and other substances that cause 
inflammation. One possible explanation is that the gut 
immune system is compromised because of  defects in 
the barrier function of  the gut luminal epithelium[16]. Al-
though the etiology of  IBD is at present not delineated, 
histopathologic and clinical assessments demonstrate 
that CD and UC, the two major classifications of  IBD, 

are indeed distinct entities and have different causes and 
discrete mechanisms of  tissue damage and treatment[16-21]. 
UC results in inflammation and ulcerations in the muco-
sal and to a lesser degree submucosal linings of  the colon 
and rectum. CD differs in that it may result in inflamma-
tion deeper within the intestinal wall (transmullary) and 
can occur in any parts of  the digestive system (includ-
ing the mouth, esophagus, stomach, duodenum, small 
intestine, colon and rectum). Further, Crohn’s may also 
involve other organs outside the GI system through fistu-
lization[22,23]. Crohn’s is diagnosed in at least four patients 
per 100000 in the United States, and the incidence and 
prevalence is rising worldwide[1,10-12]. 

Diagnosis challenges in IBD
The current standard of  care for IBD treatment is based 
on steroids and immunosuppressant agents, including glu-
cocorticoids, aminosalicylates, cyclosporine, methotrexate 
and biologic agents such as anti-TNF-α and IL1-β. The 
correct IBD diagnosis is crucial for providing correct, 
evidence-based treatment, since treatment response and 
complications differ significantly among UC and CC pa-
tients[24]. The absence of  specific phenotypes indicating 
the particular disease condition challenges pathologist 
interpretation and categorization of  tissue morphology, 
subsequently leading to difficulties in diagnosis and con-
sistent standard of  care[25]. However, despite advances in 
our understanding of  the genetic[16,26], immunologic[26,27], 
and environmental[1,24,28] influences that may trigger com-
plex IBD pathologies, to date there is no single indicator 
sensitive enough to accurately and consistently delineate 
CC and UC. The available data indicate that genetic fac-
tors determine an individual’s susceptibility to developing 
IBD, and environmental factors elicit cellular responses 
that drive disease progression. Histological evaluation 
and interpretation of  tissue provides insights that directly 
impact care[25]. Pathologists rely mainly on microscopic 
visual inspection and interpretation of  stained and/or 
dyed tissue sections to identify the disease state of  a pa-
tient sample[29,30]. Inherently, these procedures possess a 
significant degree of  subjectivity[31] and are fraught with 
problems[31,32]. Rigorous training in pathology subspecial-
ties has attempted to improve the standard of  care and 
avoid unnecessary mistakes[33]. Despite these extremely 
thorough standards, inevitable situations arise in which 
objectivity cannot be guaranteed and where significant 
disagreement occurs between specialists[34]. This chal-
lenge is common for IBD patient populations[13,15,35,36] To 
date, there is no single, absolute diagnostic test[37,38]. A 
diagnosis should neither be based on nor excluded by any 
one variable or result[39]. The consensus statement on the 
diagnosis, management and surveillance of  both CC[40] 

and UC[41] recommend that “multiple” tissue biopsies 
from at list five sites around the colon and rectum should 
be collected for support of  a reliable diagnosis. Of  these 
six sites a minimum of  two samples from each should 
be sampled[40,41]. Although the procedure is reliable, it is 
invasive and uncomfortable to the patients.

M’Koma AE. Advances and challenges in IBD diagnosis
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coming a global health concern. Distinguishing between 
CC and UC is critical to therapy. The clinical experience 
suggests that identifying patients with CC and positive 
outcomes after pouch surgery is arduous. Thus, RPC 
should be contraindicated for CC patients, whereas IPAA 
is standard acceptable care for patients with UC and IC 
who are predicted likely to develop UC. Inevitably, pouch 
complications are significantly higher in patients with CC 
(± 64%) and IC (± 43%) vs patients having UC (± 22%) (P 
< 0.05)[46,47,49]. This diagnostic dilemma and the potential 
morbidity from a wrong diagnosis and unnecessary and/
or inappropriate surgical interventions underscore the 
importance of  research strategy focused at improving di-
agnosis of  the colitides using molecular biometrics[42,50-52]. 

Clinico-histopathologic findings in Crohn’s colitis
Crohn’s colitis is recognized to encompass a heteroge-
neous group of  disorders[38]. Usually CC is segmental 
with deep inflammation where the disease activity is 
transmural, with lymphoid composite extending to the 
sub-serosa. The Montreal classification[53] and the Paris 
pediatric modification[54] have brought consistency to 
definitions of  subtypes of  CC and of  colitides. It is 
noteworthy that both the Montreal and Paris classifica-
tions rely on the location of  gross disease, i.e., visible 
lesions with more than a few aphthous ulcers. Patterns 
of  macroscopic involvement, rather than microscopic, 
have been useful traditionally in predicting clinical course, 
as exemplified by the tendency of  small bowel disease, 
particularly, to stricture over time. Despite the fact that 
microscopic involvement does not define subtypes of  
CC, the role of  histology in the diagnosis of  CC does 
differ according to the anatomic location of  macroscopic 
disease[38]. 

Histologic features useful for the diagnosis of  CC have 
been reviewed by Griffiths[38], (Table 1) but, according to 
Van Assche et al[40] presented at The second European 
evidence-based Consensus on the diagnosis and manage-
ment of  Crohn’s colitis, there are no data available as to 
how many of  these features must be present to allow a 
firm diagnosis[40]. Focal (discontinuous) chronic (lympho-
cytes and plasma cells) inflammation and patchy chronic 
inflammation, focal crypt irregularity (discontinuous crypt 
distortion) and granulomas (not related to crypt injury) are 
the generally accepted microscopic features which allow a 
diagnosis of  CC[40]. Within one histologic section, inflam-
mation may be immediately adjacent to an uninflamed 
microscopic “skip area”. Mucosal changes may resemble 
ulcerative or infectious colitis with infiltration of  the 
crypts by polymorphonuclear leukocytes (cryptitis or crypt 
abscesses), and distortion of  crypt architecture. Granu-
lomas (collections of  monocytes/macrophages) in the 
lamina propria (not associated with crypt injury) are a cor-
roborating feature of  suspected Crohn’s after exclusion of  
identifiable infectious etiology, but reported prevalence in 
mucosal biopsies at time of  first diagnosis varies. The like-
lihood of  finding granuloma is a function of  the number 
of  specimens taken, the number of  sections examined, 

Inaccurate diagnosis in IBD and consequences
When IBD predominantly involves the colon, differen-
tiation between CC from UC is often challenging. Inac-
curate diagnoses are estimated to occur in 30% of  IBD 
patients[42,43]. In most cases the diagnostic uncertainty 
arises from the overlap of  clinical and histologic features, 
making CC appear like UC[44]. This scenario is particularly 
relevant to young children, a population in which IBD 
consists of  up to 80%. The differentiation between UC 
and CC relies on a compilation of  clinical, radiologic, en-
doscopic, and histopathologic interpretations[40]; a com-
pilation that is not always accurate. An estimated 15% of  
IBD patients are indistinguishable and are labeled as ‘‘in-
determinate colitis’’ (IC)[45-47]. In addition, another 15% 
of  the colonic IBD cases that undergo pouch surgery 
resulting from a definitive UC diagnosis (based on the pa-
thologist’s initial designation of  endoscopic biopsies and 
colectomy specimen) will have their original UC diagno-
sis changed to CC based on the postoperative follow-up 
when clinical and histopathology changes indicate devel-
opment of  CC in the ileal pouch[15,35,36,48,49]. One-half  of  
these patients will require pouch excision or diversion[49].

Because of  the unpredictable nature of  IBD, side ef-
fects of  medications, and potential complications, some 
of  which may end in sudden incapacitation, IBD is be-
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Table 1  Microscopic features used for the diagnosis of Crohn’s 
colitis

Colon
Architecture
  Crypt architectural irregularity Focal

Diffuse
  Reduces crypt numbers/mucosal atrophy
  Irregular surface

Chronic inflammation
  Distribution I Focal increased in intensity

Patchy increase
  Distribution II Diffuse increase

Superficial
  Granulomas Transmucosal
  Mucin granulomas Basal plasma cells
Polymorph inflammation
  Lamina propria Focal
  Crypt epithelial polymorphs Diffuse

  Polymorph exudates
Epithelial changes
  Erosion/ulceration
  Mucin Depletion

Preservation
  Paneth cells distal to hepatic flexure
Epithelial-associated changes
  Increased intraepithelial lymphocytes > 15
Terminal ileum/Ileocecal /Cecum
  Architecture Villus irregularity

Crypt architecture
  Epithelial changes Irregularity

Pseudopyloric gland
Metaplasia

Reproduced by permission of the publisher from ref. [38].



and the definition of  a granuloma. Granulomas occur 
more commonly in the submucosa than the mucosa[55]. 
Hence, they are observed in 60% of  surgical specimens 
but relevant to the question of  histology for diagnosis, in 
only 20%-40% of  mucosal biopsies[55]. Moreover, accord-
ing to Griffiths[38] data indicating clinical significance or 
prognostic value of  presence or absence of  granulomata 
are lacking.

Clinico-histopathologic findings in ulcerative colitis
The classic microscopic features in untreated UC (and 
CC hard criteria) used for diagnosis, as outlined by 
Odze[56], and are depicted in Table 2. Clinically, the hall-
mark of  UC is hematochezia[57,58]. Additional clinical 
presentations include rectal tenesmus and incontinence, 
abdominal pain, severe inflammation of  the rectum 
(proctitis), leukocytosis, hospitalization for total parenter-
al nutrition and/or intravenous fluids correction, among 
others. Blood transfusion and corticosteroids are recom-
mended when considering surgery (RPC and IPAA)[58]. 
As mentioned earlier, in UC, inflammation is typically 
confined to the mucosal layer and to the lesser degree to 
the submucosa. Children with UC often have evidence 
of  chronicity, rectal frugality, and little or no architectural 
warping. In otherwise usual cases of  UC, these condi-
tions may lead to a confusion with CC[59-61]. 

Current advances in biomarker discovery to delineate 
the colitides
To date, there has been significant interest in attempt-
ing to identify molecular biomarkers that can accurately 
delineate CC and UC phenotypes. These studies have 
been minimally successful at identifying such biomark-
ers. In serum these include: placenta growth factor-1 
(PLGF-1), IL-7, TGFβ1, and IL-12P40[62-67]. In biopsies 
obtained from the mucosa, they are Rho GD1α, desmo-
glein, pleckstrin, VDAC (voltage-dependent anion chan-
nel), 3-hydroxy-3-methylglutaryl-coenzyme A reductase 
(HMG-CoA), and C10orf76[68,69]. In stool they are cal-
protectin, PMN-elastate, lactoferrin,  and S100A12[65,70-74]. 
Clearly these biomarbiometrics represent an advance in 
the field of  colitides research and have been used for 
clinical prognostic trials but have not been shown to 
delineate UC from a CC phenotype[62,64,73,74]. Thus far, 
the above mentioned features reflect colitides intestinal 
inflammation and do not discriminate UC from the CC 

phenotype[65]. 

Histology-directed proteomic advances
Histology-directed MALDI MS is the first attempt ever 
used to analyze and compare mined proteins of  the 
colonic mucosal and submucosal tissue layers individu-
ally, in order to differentiate between UC and CC[42,50]. 
The normal topography of  the colon and the layers used 
in mining and extraction of  analytical extracts are illus-
trated in Figure 1. The basic steps of  the methodology 
of  histology-directed mass spectral protein profiling 
are outlined in Figure 2. Specialized MALDI MS offers 
directly the possibility of  direct proteomic assessment 
of  the tissue itself. The histologic layers of  colectomy 
samples from patients with histologically and clinically 
confirmed UC and CC, with no ambiguity, are analyzed 
individually using MALDI MS for proteomic profiling. 
The results have successfully identified highly significant 
MALDI MS mass-to-charge ratio (m/z) signals in colonic 
tissue layers that appear to be phenotype-specific and are 
likely to help distinguish UC and CC[42,50]. Pre-sequencing 
and identification proteomic pattern peaks from colonic 
mucosal or/and submucosal tissue section are depicted in 
Figure 3[50]. These signatures do not correlate to tissue of  
origin and thus represent disease-specific markers. Some 
of  these are found in colonic mucosa, from which endo-
scopic biopsies could be subjected to proteomic analysis. 
Other signatures come from the submucosa and could 
be used for proteomic studies of  serum. Other protein-
signatures were found in both tissue layers. Identifying 
proteomic patterns characteristic of  one specific colitis 
phenotype will significantly improve our understanding 
of  the mechanistic events associated with IBD.   

It is unlikely that a single protein or small cluster of  
proteins will have the necessary: (1) specificity; (2) sensi-
tivity; (3) discrimination; and (4) predictive capacity, to dif-
ferentiate the heterogeneity of  IBD[69]. However, if  it were 
possible, it would require a technology that can accommo-
date sampling large patient cohorts, while accounting for 
patient variability. MS is an important profiling and iden-
tification tool for such studies[75]. As necessary as the tool 
is, subsequent analysis and validation methods will deter-
mine the actual success of  a detection system intended for 
non-invasive screening and evaluating treatment efficacy. 
The overall goal of  delineating IBD by proteomics is to 
illuminate the pathobiology underlying the colitides. More 
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Table 2  Classic microscopic features in untreated ulcerative colitis (comparable Crohn’s colitis, hard criteria)

Feature Ulcerative colitis Crohn’s colitis

Diffuse Continuous disease Segmental disease
Rectal Involvement Variable rectal involvement
Disease Worse distally Variable disease severity
Fissures No Fissures, sinus, fistula
Transmural aggregates No Transmural lymphoid aggregates
Ileal involvement No, exception during backwash ileitis Ileal involvement

Upper gastrointestinal involvement
Granulomas No Granulomas



specifically, it is to identify patterns differentiating the 
colonic IBDs that exhibit overlapping clinical and histo-
logic signs, but require different approaches of  care. The 
anticipation is that this approach will eventually provide 
molecular biometrics of  interest that can tell UC from 
CC through endoscopic biopsies and eventually create a 
serum biomarker tool assay for the identified peptide, if  
the protein(s) is (are) secretory and transposable. Better 
understandings of  the bio-pathophysiologic mechanisms 
may allow new therapeutic and preventive avenues for 
maintenance or remission in IBD.

Matrix-assisted laser desorption/ionization MS
Specialized matrix-assisted laser desorption/ionization 

(MALDI) MS offers the possibility of  direct proteomic 
assessment of  the tissue itself[76]. The molecular specific-
ity and sensitivity of  MS can image and map biomol-
ecules present in tissue sections. Applying complemen-
tary techniques of  immunochemistry and fluorescence 
microscopy to MALDI MS data can improve the analysis 
of  spatial arrangements of  molecules within biological 
tissues. Accordingly, MALDI technology has become a 
popular in biology research. It combines two technolo-
gies, the MALDI “soft” ionization source and the TOF 
(Time of  Flight) mass analyzer. The former volatilizes 
and ionizes molecules using a laser, a target, and an or-
ganic compound called a matrix, while the latter technol-
ogy measures an ion’s mass-to-charge ratio (m/z) by mea-
suring the time it takes to reach a detector. MALDI TOF 
mass spectrometers come in two basic types: MALDI 
TOF MS and MALDI TOF/TOF MS. The latter enables 
tandem mass spectrometry (MS/MS) studies[69]. Thus a 
combination of  markers may improve the chances of  
achieving IBD proteomics goals. 

MS in combination with laser capture microdissection 
is another important profiling and identification tool for 
such studies. It allows direct tissue analysis of  biomol-
ecules and large organic molecules which are often too 
fragile for conventional ionization methods. These tech-
niques may significantly enhance diagnostic accuracy and 
provide the basis for future bio-physiologic elucidations 
in IBD. 

MALDI IMS 
MALDI IMS stands out as a tool for imaging metabolites 
in the biological and medical fields, and as a new tool for 
pathology in the molecular age[77]. There are several ad-
vantages in IMS technology. First, IMS does not require 
labeling or specific probes. Second, it is a non-targeted 
imaging method, meaning unexpected metabolites can 
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Diagnosis
  Ulcerative colitis

  Indeterminate colitis

   Crohn’s colitis

Disease activity
  Inflammation
     Quiescent
     Acute
     Chronic
     Mild
     Moderate
     Severe
  No inflammation

Compartment/layer
  Mucosa
  Submucosa

Figure 1  Human colon cross section depicts layers for mining proteomic patterns that delineates untreated ulcerative and Crohn’s colitis phenotype. The 
colon is comprised of four distinct layers: (1) the mucosa; (2) the submucosa; (3) the muscularis (two thick bands of muscle); and (4) the serosa. Comparable pro-
teomic patterns that are mined from these layers are analyzed, based on the diagnosis [untreated ulcerative and Crohn’s colitis, (with no ambiguity)], disease activity 
and tissue layer.
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Figure 2  Histology-directed tissue layer profiling for matrix-assisted-
laser desorption/ionization mass spectrometry. Digital photomicrographs 
acquired from histology and matrix-assisted-laser desorption/ionization sections 
were used to identify and designate sites of interest for profiling. Comparisons 
were performed in both the training and independent test set samples between 
inflamed mucosa Crohn’s colitis (CC) vs ulcerative colitis (UC) and inflamed 
submucosa CC vs UC. Tissue section showing marked areas of pathological 
interest. Rings demonstrate matrix spots in mucosal and sub-mucosal layers 
(unpublished figure).



easily be imaged. Finally, several kinds of  metabolites can 
be imaged simultaneously. The technique effectively pro-
vides a better visualization of  the underlying mechanisms 
of  biological processes of  endogenous, small metabo-
lites[78,79] and large proteins[80,81] in cells and tissues[82,83]. It 
can determine the distribution of  hundreds of  unknown 
compounds in a single measurement[79,84-86]. Further, IMS 
is capable of  three-dimensional molecular images which 
can be combined with established imaging techniques like 
magnetic resonance imaging[87,88]. 

Due to the fact that the enormous molecular diversity 
of  metabolite species is unknown, IMS technology is 
seemingly appropriate for localizing metabolites, whether 
they are from the molecule of  interest or not[78,89,90]. The 
emerging technique of  MALDI IMS has the capability to 
distinguish between parent and metabolites while main-
taining spatial distribution in various tissues[91,92]. In spite 
of  the promising advances of  MALDI IMS for visual-
imaging tiny metabolites, substantial concerns remain 
regarding its spatial resolution. The primary limitation 
results from the size/volume of  the organic matrix crys-
tal and analyte migration during the matrix application. 
There is also a lack of  efficient computational techniques 
for constructing, processing, and visualizing large and 
complex 3D data which prevents experimenters from 
tapping its full potential[93]. In attempting to solve these 
important issues, researchers have devised another so-
phisticated method: a nanoparticle-assisted laser desorp-
tion/ionization (nano-PALDI)-based IMS, in which the 
matrix crystallization process is eliminated[94,95]. The use 
of  novel nano-PALDI has enabled scientists to image 
compounds with spatial resolution at the cellular level (15 

μmol/L; approximating the diameter of  a laser spot)[96]. 

Serologic test advances
To date, a lack of  validated information prevents recom-
mending the use of  serologic assays to screen general 
population patients for undiagnosed gastrointestinal 
symptoms in IBD-settings. As has been made clear, no 
unique biomarkers yet exist for the delineation between 
CC and UC. Serologic tests, antineutrophil cytoplasmic 
antibodies (ANCAs) and anti-microbial antibodies are 
inadequately sensitive and specific to contribute much to 
the diagnosis of  CC or to its differentiation from UC. 

ANCAs are immunoglobulin G (IgG) antibodies di-
rected against cytoplasmic components of  neutrophils[97]. 
The association with colitides of  a subset of  ANCA with 
a perinuclear staining pattern on immunofluorescence 
studies [perinuclear antineutrophil cytoplasmic autoanti-
bodies (pANCA)] was first recognized for UC, where it 
was detected in 60%-70% of  patients[97]. The specificity 
of  perinuclear staining for colitides can be validated and 
confirmed by its disappearance after deoxyribonuclease 
(DNase) digestion of  neutrophils. pANCA is considered 
a marker of  the immunologic disturbance that underlies 
the development of  chronic colonic inflammation, and 
should not be positive in acute self-limited, presumably 
infectious colitis. 

Anti-Saccharomyces cerevisiae antibodies (ASCAs), the 
first anti-microbial antibodies to be described in CC, 
are IgG and IgA antibodies that recognize mannose se-
quences in the cell wall of  S. cerevisiae strain Su1. ASCA is 
detected in 50%-70% of  CC patients overall, 10%-15% 
of  UC patients and in 5%-10% of  controls with other 
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Figure 3  Show averaged mass spectrum proteomic pattern spectra from Crohn’s colitis (blue) and ulcerative colitis (red). Differential distribution of three se-
lected proteomic pattern peaks (m/z) obtained from colonic mucosal and/or submucosal tissue sections that were part of the Support Vector Machine model. They are 
denoted by “a” symbol in the full spectra. Reproduced with permission from the publisher: Seeley et al[50].



gastrointestinal disorders[97]. Newer anti-microbial an-
tibodies (Abs), which include Abs against Pseudomonas 
fluorescens-associated sequence (anti-I2), anti-outer mem-
brane protein C of  Escherichia coli (anti-OmpC), anti-outer 
membrane protein of  Bacteroides caccae (anti-OmpW), and 
anti-flagellin Abs (anti-CBir1), may result false positive 
and be detected in patients who otherwise have negative 
serology, but are nonspecific and can be detected in pa-
tients with other diseases[98,99]. 

Differentiation of  CC from UC is clinically problem-
atic because inflammation is only confined to the colon. 
pANCA is positive in up to 35% of  patients with CC; 
ASCA is less often detected in patients with CC. Hence, 
the utility of  combined ANCA/ASCA testing is less in 
the setting where it is needed most. In the one published 
study clearly reporting sensitivity, specificity, and predic-
tive values of  combined serologic testing, the sensitivity 
of  ASCA+pANCA-serology for CC vs UC was only 
32%[97]. In a long-term follow-up of  patients with IC, 
Joossens et al[100] observed 26 patients who were ASCA+/
pANCA- at baseline. Eight were later diagnosed with CC 
and 2 with UC, while the other 16 patients remained IC. 
The ASCA-/pANCA+ profile was even less helpful for 
definitive diagnosis[100]. 

When using upper GI biopsies, the differentiation be-
tween UC and CC is relatively straightforward in most of  
patients. In appropriate clinical settings, granulomatous 
inflammation in GI biopsies validates CC. In pediatric 
CC, granulomas may only be found in biopsies from the 
upper GI. Without routine upper endoscopy, these cases 
will be missed. If  granulomas are not found, a diagnosis 
of  CC or UC can be derived from endoscopic findings 
with histology combined with clinical and imaging de-
terminations[101]. Determining cases of  IBD as CC, UC, 
or IC is largely a matter of  nomenclature. Supporting a 
determination with evidence from endoscopies, magnetic 
resonance enterography, or other techniques, improves 
clinical labelling of  the condition. The colitides are a con-
tinuum between CC and UC, with a variety of  inflamma-
tions between. Teasing out overlapping genetic profiles 
for UC and CC will be critical to applying correct treat-
ment more accurately than using current nomenclature 
categories based on a current standard of  histology[100]. 
Application and refinement of  the above technologies 
and techniques will improve the possibility of  approach-
ing patients with individualized options reducing ineffec-
tive or unnecessary surgery. Usage of  molecular biomet-
rics to differentiate diseases of  the same organ[38,102,103] 
is becoming ground breaking in improving diagnostic 
challenges in colonic IBD settings[42,50,104]. IBD has no 
permanent drug cure and results in significant morbid-
ity and mortality[9,104,105]. UC is absolute colonic disease 
while CC can involve any part of  the GI system from 
the mouth to the anus, which may transmurally involve 
partial to a full-thickness of  the intestinal wall[43] and 
other organs through fistulization[106-108]. These diseases 
share several clinical biometric signatures but have differ-
ent causes, mechanisms of  tissue damage, and treatment 
options[16,109]. Therefore, accurate diagnosis is paramount 

for provision of  correct pharmacologic therapy[110,111] and 
surgical care[112-114]. 

CONCLUSION
The term “colitides” characterizes colonic IBD and com-
prises ulcerative colitis and Crohn’s colitis (UC and CC). 
The etiopathogenesis of  UC and CC remains enigmatic. 
Diagnostic accuracy for distinguishing these two patholo-
gies is still a significant problem in GI medicine and is 
hindered by a growing overlap of  histopathological inter-
pretation. Despite all efforts, many patients continue to 
remain undetermined as UC or CC, and are said to have 
indeterminate colitis. Differentiations of  UC and CC 
are concluded from imprecise clinical, histopathologic, 
and other examinations. This results in speculative colitis 
staging and severity which cannot be conclusively dif-
ferentiated in up to 30% of  patients with IBD. CC and 
UC diagnostic features often overlap[115] even after a thor-
ough histological assessment, the current gold-standard 
for distinguishing type of  inflammation (for CC: lack of  
non-specific inflammation not confined beyond mucosa 
and diffused or focal granulomatous etc. For UC: inflam-
mation limited to the mucosa, diffuse infiltration of  acute 
and chronic inflammatory cells in the mucosa, continu-
ous damage from the rectum to proximal colon, etc.). 

Treatment options for UC and CC differ significantly. 
Thus appropriate individualized prognosis and treatment 
requires accurate diagnosis. An estimated 90% of  patients 
with IC undergo pouch surgery (RPC and IPAA) for ful-
minant colitis[36,48,49,115,116] contrasting with 30% of  patients 
in whom UC or CC was a correct diagnosis. Addition-
ally, failure to recognize specific indicators of  CC (e.g., 
granulomas and transmural inflammation) often leads to 
mistakes in pathological interpretation[24,36]. This results in 
a reciprocal misdiagnosis rate of  15% (CC as UC: UC as 
CC). Adding = the 15% of  cases labeled as IC accounts 
for nearly a third of  the all IBD patients. Those undergo-
ing surgery for a presumably confirmed diagnosis of  UC 
subsequently are diagnosed postoperatively with recurrent 
CC in the ileal pouch[36]. This is critical because functional 
failure and higher complication rates are estimated at up 
to 60%[35,117-123] and often require excision of  the pouch 
with a permanent end ileostomy[35,121-124]. At this stage, pa-
tient health quality of  life is significantly jeopardized for 
life.

There has been wide ranging interest in attempting 
to identify molecular biomarkers that can consistently 
delineate these diseases. These studies have been mini-
mally successful at identifying quiescent or active IBD 
in serum[62-67], in mucosal biopsies[68,69], and in fecal mat-
ter[65,70-74]. Clearly these features represent an intriguing 
advance in the science of  IBD for clinical disease prog-
nostic purposes. However, these markers have not been 
shown to distinguish UC from CC phenotype[62,64,73,74]. 
A serology panel including ANCA, pANCA, anti-sac-
charomyces cerevisae IgG and IgA antibodies (ASCA), 
calgranulin (S100A12), anti-OmpC antibodies, fecal lac-
toferrin, calprotectin, and polymorphonuclear neutrophil 
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elastase (PMN-e)[65] is marketed as a promising approach 
to monitor disease activity and prognosis and may prove 
to be beneficial in the management of  IBD. The specific-
ity, sensitivity and diagnostic accuracy of  these param-
eters with reference to clinical disease indices and/or 
endoscopically measured inflammation in IBD setting 
remain unclear. What we have learned to date is that: (1) 
Although not yet commercially available as tests, patients 
with CC are more likely than healthy control and/or 
IBD patients to be positive for a range of  biomarkers 
such as S100A12 (calgranulin), ASCA, OmpC, CBir1, 
pseudomonas fluorescens protein, and pANCA[125,126]. 
Significant increases of  these proteins are noted during 
active intestinal inflammation. The greater the number 
of  positive serologies and the higher the titer, the more 
aggressive the course. These biomarkers are also seen in 
an active UC[127]; (2) A combination of  these biomarkers 
and a disease-specific activity index could promote the 
diagnostic accuracy in clinical medicine with reference to 
endoscopic inflammation but at present none are supe-
rior in the ability to reflect endoscopic inflammation[70]; 
(3) These molecular biometrics significantly assist in pre-
dicting relapses in patients with confirmed IBD (active 
or quiescent)[2-5,17,21,128] but are not discriminatory between 
UC/CC; (4) Patients who are pANCA+ and ASCA- are 
more likely to have UC than CC, while in pANCA- and 
ASCA+ patients the reverse may be true[67]. However, 
these biomarkers have not demonstrated clinical utility as 
predictors or monitoring tools of  IBD activity[67]. 

At the present time there is insufficient biometric 
information to recommend use of  serologic assays in 
screening for IBD in patients from the general popula-
tion who have undiagnosed gastrointestinal symptoms. 
Further, no efficacy for the delineation of  CC and UC 
clearly exist. 
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Abstract
Obesity is a major and growing health care concern. 
Large epidemiologic studies that evaluated the rela-
tionship between obesity and mortality, observed that 
a higher body-mass index (BMI) is associated with 
increased rate of death from several causes, among 
them cardiovascular disease; which is particularly true 
for those with morbid obesity. Being overweight was 
also associated with decreased survival in several stud-
ies. Unfortunately, obese subjects are often exposed to 
public disapproval because of their fatness which sig-
nificantly affects their psychosocial behavior. All obese 
patients (BMI ≥ 30 kg/m2) should receive counseling 
on diet, lifestyle, exercise and goals for weight manage-
ment. Individuals with BMI ≥ 40 kg/m2 and those with 
BMI > 35 kg/m2 with obesity-related comorbidities; 
who failed diet, exercise, and drug therapy, should be 

considered for bariatric surgery. In current review ar-
ticle, we will shed light on important medical principles 
that each surgeon/gastroenterologist needs to know 
about bariatric surgical procedure, with special concern 
to the early post operative period. Additionally, we will 
explain the common complications that usually follow 
bariatric surgery and elucidate medical guidelines in 
their management. For the first 24 h after the bariatric 
surgery, the postoperative priorities include pain man-
agement, leakage, nausea and vomiting, intravenous 
fluid management, pulmonary hygiene, and ambula-
tion. Patients maintain a low calorie liquid diet for the 
first few postoperative days that is gradually changed 
to soft solid food diet within two or three weeks fol-
lowing the bariatric surgery. Later, patients should be 
monitored for postoperative complications. Hyperten-
sion, diabetes, dumping syndrome, gastrointestinal and 
psychosomatic disorders are among the most important 
medical conditions discussed in this review.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Obesity is a growing health concern world-
wide that impacts the life of individuals both physically 
and psychologically. There are several well-established 
health hazards associated with obesity. Additionally, 
obese subjects are often exposed to public disapproval 
because of their fatness which significantly affects their 
psychosocial behavior. Bariatric surgery is one of the 
definite solutions for obesity. In this review, we will 
briefly discuss the general guidelines that should be 
considered before bariatric surgery. Also, we discuss 
the protocols of patients’ postoperative care and the 
management of medical disorders that must be consid-
ered after bariatric surgery.  
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INTRODUCTION
Obesity is a chronic disease that impairs health-related 
quality of  life in adolescents and children. In 2010, over-
weight and obesity were estimated to cause 3.4 million 
deaths, 3.9% of  years of  life loss, and 3.8% of  disability-
adjusted life-years worldwide. Obesity is increasing in 
prevalence, currently, the proportion of  adults with a 
body-mass index (BMI) of  25 kg/m2 or greater is 36.9% 
in men and 38.0% in women worldwide[1]. Attempts to 
explain the large increase in obesity in the past 30 years 
focused on several potential contributors including in-
crease in caloric intake, changes in the composition of  
diet, decrease in the levels of  physical activity and chang-
es in the gut microbiome. More than 50% of  the obese 
individuals in the world are located in ten countries (listed 
in order of  number of  obese individuals): United States, 
China, India, Russia, Brazil, Mexico, Egypt, Germany, 
Pakistan and Indonesia. Although age-standardized rates 
were lower in developing than in developed countries 
overall, 62% of  the world’s obese individuals live in de-
veloping countries. Recently, United States accounted for 
13% of  obese people worldwide, the prevalence of  obe-
sity was 31.7% and 33.9% among adult men and women, 
respectively. In Canada 21.9% of  men and 20.5% of  
women are obese. Reported prevalence rates of  obesity 
include: 27.5% of  men and 29.8% of  women in Austra-
lia, 24.5% of  men and 25.4% of  women in the United 
Kingdom, in Germany 21.9% of  men and 22.5% of  
women, in Mexico 20.6% of  men and 32.7% of  women, 
in South Africa 13.5% of  men and 42% of  women, in 
Egypt 26.4% of  men and 48.4% of  women, in Saudi 
Arabia 30% of  men and 44.4% of  women and in Kuwait 
43.4% of  men and 58.6% of  women (Table 1, Figure 1)[2]. 
There are several well-established health hazards associat-
ed with obesity, e.g., nonalcoholic steatohepatitis (NASH), 
type 2 diabetes, heart disease, chronic kidney disease, 
gastroesophageal reflux disease, gastrointestinal motility 
disorders, sexual disorders, cerebrovascular stroke, certain 
cancers, osteoarthritis, depression and others[3-10]. The 
risk of  development of  such complications rises with 
the increase of  adiposity, while weight loss can reduce 
the risk. Bariatric surgery could be the definitive clue in 
many situations[11-15]. Bariatric surgery is one of  the fast-
est growing operative procedures performed worldwide, 
with an estimated > 340000 operations performed in 
2011. While the absolute growth rate of  bariatric surgery 
in Asia was 44.9% between 2005 and 2009, the numbers 
of  procedures performed in the United States plateaued 
at approximately 200000 operations per year[16,17]. Starting 
in 2006, the Center for Medicare and Medicaid Services, 
United States, restricted the coverage of  bariatric surgery 
to hospitals designated as “Centers of  Excellence” by 

two major professional organizations[18]. Medical man-
agement and follow up of  patients who have undergone 
bariatric surgery is a challenge due to post operative com-
plications.

GENERAL GUIDELINES FOR SURGEONS/
GASTROENTEROLOGISTS
A well skilled physician or a surgeon has to consider the 
followings: (1) as the prevalence of  obesity increases so 
does the prevalence of  the comorbidities associated with 
obesity. Losing weight means overcoming illness at the 
present, complications in future and alleviating the eco-
nomic burden in the present and future; (2) Overweight; 
BMI between 25 and 30, technically refers to excessive 
body weight, whereas “obesity” BMI ≥ 30 kg/m2 refers 
excessive body fat, “Severe obesity”, BMI ≥ 35 kg/m2,   

or “morbid obesity” refers to individuals with obesity-
related comorbidities. Furthermore, severe obesity and 
morbid obesity groups who failed dietary and medical 
regimens are candidates for bariatric surgery; (3) Children 
obesity; refers to children with BMI > 95th percentile for 
their age and sex and “overweight” refers to children with 
BMI between the 85th and 95th percentile for their age and 
sex; (4) Patients undergoing a bariatric operation should 
have a nutritional assessment for deficiencies in macro 
and micronutrients, also with no contraindication for such 
a major operation; (5) Most of  bariatric procedures are 
performed in women (> 80%) and approximately half  of  
these (> 40% of  all bariatric procedures) are performed 
in reproductive aged women, accordingly, pregnancy plan-
ning and contraception options should be discussed in de-
tails with women who will undergo bariatric procedures. 
Fertility improves soon after bariatric surgery, particularly 
in middle-aged women, who were anovulatory. Addition-
ally, oral contraceptives may be less effective in women 
who have undergone malabsorptive bariatric procedure. 
Therefore, it is better to delay pregnancy for 6-12 mo fol-
lowing bariatric surgery. Risk of  preeclampsia, gestational 
diabetes, and macrosomia significantly decrease post bar-
iatric surgery, but the risk of  intrauterine growth restric-
tion/small infants for their gestational age may increase. 
Body contouring surgery is in high demand following bar-
iatric surgery; (6) All bariatric operations are accompanied 
with restrictive and/or malabsorption maneuvers; less 
food intake and malabsorption concepts; (7) The most 
common types of  bariatric surgeries performed world-
wide are Sleeve gastrectomy (SG): This procedure involves 
the longitudinal excision of  the stomach and thus shaping 
the remaining part of  the stomach into a tube or a “sleeve” 
like structure. SG removes almost 85% of  the stomach 
(Figure 2); Roux-en-Y gastric bypass (RYGB): It reduces 
the size of  the stomach to the size of  a small pouch that 
is directly surgically attached to the lower part of  the 
small intestine. In this procedure, most of  the stomach 
and the duodenum are surgically stapled and therefore, 
bypassed (Figure 3); The laparoscopic adjustable gastric 
band (AGB): This is one of  the least invasive procedures, 
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function, liver function, prothrombin time and partial 
thromboplastin time) should be obtained every 12 h for 
the successive two PODs, then every 24 h for another 3 
d. Oxygen is administered by nasal cannula and weaned 
thereafter. The likelihood that, early specific complica-
tion, will arise for a given patient is determined by the 
nature of  the procedure, the anesthetic techniques used, 
and the patient’s preoperative diseases. Respiratory prob-
lems are common complication in the early postoperative 
period following bariatric surgery. Patients with signifi-
cant comorbidities, particularly neuromuscular, pulmo-
nary, or cardiac problems are at a higher risk for respira-
tory compromise, but any patient can develop hypoxemia 
following bariatric surgery. For prophylaxis against Deep 
Venous Thrombosis (DVT) following bariatric surgeries, 
ultrasound evaluation is recommended for all patients, 
D-dimer test should be applied for suspected patients 
with DVT, especially after long operative time, repeat 
ultrasound or venography may be required for those with 
suspected calf  vein DVT and a negative initial ultrasound 
investigation[19,20].

Late post operative monitoring
After the PACU period, most patients are transferred 
to the inpatient surgical postoperative unit. For the next 
24-72 h, the postoperative priorities include ruling out an 

where the surgeon inserts an adjustable band around a 
portion of  the stomach and therefore, patients feel fuller 
after eating smaller food portions (Figure 4). Bariatric sur-
gical procedures, particularly RYGB, plus medical therapy, 
are effective interventions for treating type 2 diabetes. 
Improvement in metabolic control is often evident within 
days to weeks following RYGB; and (8) Complications 
reported following bariatric surgery vary based upon the 
procedure performed. Cholilithiasis, renal stone formation 
and incisional hernia could be the delayed phase compli-
cations; on the other hand, bleeding, leaking, infection and 
pulmonary embolism could be the early phase complica-
tions following the bariatric procedure. The overall 30-d 
mortality for bariatric surgical procedures worldwide is 
less than 1%.

POST OPERATIVE CARE AND FOLLOW UP
Early post operative period; (1-3) d post bariatric 
surgery
Patients undergoing a bariatric operation are admitted 
to the post-anesthesia care unit (PACU) immediately at 
the conclusion of  the operation. Usually, on postopera-
tive day (POD) one, we begin oral therapy in tablet or 
crushed-tablet and liquid form if  there is a naso-gastric 
tube after the gastrografin leak test. A basic metabolic 
profile (e.g., complete blood count, electrolytes, renal 
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anastomotic leak following laparoscopic RYGB or laparo-
scopic SG. If  no leak is observed, patients are allowed to 
start a clear liquid diet and soft drinks. The postoperative 
care team cares for the following: control of  pain, care 
of  the wound, continuous monitoring of  blood pressure, 
intravenous fluid management, pulmonary hygiene, and 
ambulation. Post-bariatric nausea and vomiting is directly 
correlated with the length of  the surgery; it also increases 
in females, non-smokers, and those patients with prior 
history of  vomiting or motion sickness. Prophylaxis with 
pharmacologic treatment before the development of  
post operative nausea and vomiting significantly reduces 
its incidence after surgery[21-23].

After hospital discharge
Diet: Usually patients are discharged 4-6 d after surgery. 
Most patients are typically discharged from the hospital 
on a full liquid diet, patients should be taught to keep 
monitoring their hydration and urine output. Approxi-
mately two-three weeks after surgery, the diet is gradually 
changed to soft, solid foods. The average caloric intake 
ranges from (400) to (800) kcal/d for the first month, and 
thus the daily glycemic load is greatly reduced. We en-
courage patients to consume a diet consisting of  salads, 
fruits, vegetables and soft protein daily.

To control the epigastric pain and vomiting, patients 
should be taught to eat slowly, to stop eating as soon as 
they reach satiety and not to consume food and bever-
ages at the same time. For most patients suffering chronic 
vomiting, prokinetic therapy and proton-pump inhibitors 
(PPIs) should be considered. Patients, who underwent 
SG, LAGB or RYGB, benefit from a well-planned dietary 
advancement. Patients should understand that the surgery 
has changed their body but not the environment, they have 
to choose healthy foods, do not skip meals and to visit the 
dietitian regularly in the first 12 mo after surgery. However, 
if  food intolerance develops, patients may choose a more 
vegetarian-based diet. Nevertheless, fresh fruits and veg-
etables are usually tolerated without a problem. The daily 
protein intake should be between 1.0 to 1.5 g/kg ideal body 
weight per day[24]. The biliopancreatic diversion/duodenal 
switch (BPD/DS) is a malabsorptive procedure for both 
macro- and micronutrients. Hence, we encourage higher 
protein intake of  1.5 g to 2.0 g of  protein/kg ideal body 

weight per day, making the average protein requirement per 
day approximately 90 g/d[25,26]. Alcohol is better prevented 
in the first 6-12 mo after surgery[27].

Monitoring: Patients should generally have their weight 
and blood pressure measured weekly until the rapid 
weight loss phase diminishes, usually within 4-6 mo, then 
again at  8, 10 and 12 mo, and annually thereafter. Pa-
tients with diabetes are encouraged to check their blood 
glucose daily. Glycemic control typically improves rapidly 
following bariatric surgery. Patients maintained on anti-
hypertensive or diabetic medications at discharge should 
be monitored closely for hypotension and hypoglycemia, 
respectively, and medications should be adjusted accord-
ingly. We recommend that the following laboratory tests 
be performed at three, six, nine months and annually 
thereafter: (1) Complete Blood Count; (2) Electrolytes; (3) 
Glucose and Glucose Tolerance test; (4) Complete iron 
studies; (5) Vitamin B12; (6) Aminotransferases, alkaline 
phosphatase, bilirubin, GGT; (7) Total protein and Al-
bumin; (8) Complete lipid profile; (9) 25-hydroxyvitamin 
D, parathyroid hormone; (10)Thiamine; (11) Folate; (12) 
Zinc; and (13) Copper.

Complications following the surgical treatment of  
severe obesity vary based upon the procedure performed. 
Secondary hyperparathyroidism, Hypocalcemia, Gastric 
remnant distension, Stomal stenosis/Obstruction, Mar-
ginal ulcerations, Cholilithiasis, Ventral incisional hernia, 
Internal hernia, Hiatus Hernia, Short bowel syndrome, 
Renal failure, Gastric prolapse, infection, Esophagitis, 
Reflux, Vomiting, Hepatic abnormalities and dumping 
syndrome are common late-phase complications after 
bariatric surgery. However, the clinician should aware of  
complications specific for every bariatric procedure[28,29]. 
Before therapy, the clinician should understand that the 
impact of  various bariatric surgeries on drug absorption 
and metabolism are scarce. On the other hand, RYGB 
and other malabsorptive procedures that significantly 
exclude the proximal part of  the small intestine, decrease 
the surface area where most drug absorption occurs and 
may result in a reduction in systemic bioavailability[30-32].

COMMON MEDICAL CONDITIONS 
FOLLOWING BARIATRIC SURGERY
Hypertension
Hypertension is not always related to obesity, and dietary 
interventions do not assure the normalization of  blood 
pressure. However weight loss, whether by an intensive 
lifestyle medical modification program or by a bariatric 
operation, improves obesity-linked hypertension. Patients 
should be monitored weekly until the blood pressure has 
stabilized, and patients may need to resume antihyperten-
sive medications, but often at adjusted doses[33].

Diabetes
Patients with diabetes should have frequent monitor-
ing of  blood glucose in the early postoperative period 
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Table 1  Prevalence of obesity in different countries 
worldwide

Country Male Female 

United States 31.70% 33.90%
Canada 21.90% 20.50%
United Kingdom 24.50% 25.40%
Australia 27.50% 29.80%
Germany 21.90% 22.50%
Mexico 20.60% 32.70%
South Africa 13.50% 42%
Egypt 26.40% 48.40%
Saudi Arabia 30% 44.40%
Kuwait 43.40% 58.60%



and should be managed with sliding scale insulin. Many 
diabetic patients have a decreased need for insulin and 
oral hypoglycemic agents after bariatric surgery. Oral 
sulfonylureas and meglitinides should be discontinued 
postoperatively as these medications can lead to hypogly-
cemia after bariatric surgery. Metformin is the safest oral 
drug in the postoperative period, since it is not associated 
with dramatic fluctuations in blood glucose. RYGB is 
associated with durable remission of  type 2 diabetes in 
many, but not all, severely obese diabetic adults. However 
those who underwent LAGB generally exhibit a slower 
improvement in glucose metabolism and diabetes as they 
lose weight in a gradual fashion[34,35].

Reflux
Medications for gastroesophageal reflux disease (GERD) 
may be discontinued after RYGB and Laparoscopic AGB, 
however, SG has been associated with an increased inci-
dence of  GERD in some procedures. Recurrent GERD 
symptoms after RYGB, particularly when accompanied 
by weight regain, should raise the possibility of  a gastro-
gastric fistula between the gastric pouch and remnant, 
and should be investigated by an upper GI contrast study 
or CT scan and referred to the bariatric surgeon. Up-
per endoscopy is the best investigation to exclude other 
esophagogastroduodenal disorders. GERD may be as-
sociated with esophageal complications including esopha-
gitis, peptic stricture, Barrett’s metaplasia, esophageal 
cancer and other pulmonary complications. Failure of  
the PPI treatment to resolve GERD-related symptoms 
has become one of  the most common complications of  
GERD after bariatric surgery. Most patients who fail PPI 
treatment have Non Erosive Reflux Disease and without 
pathological reflux on pH testing. In patients with persis-
tent heartburn despite of  medical therapy, it is reasonable 
to recommend avoidance of  specific lifestyle activities that 
have been identified by patients or physicians to trigger 
GERD-related symptoms[36-38].

Nausea and vomiting
Nausea and vomiting can often be helped by antiemetic 
or prokinetic drugs, however, some patients have chronic 
functional nausea and/or vomiting that does not fit the 
pattern of  cyclic vomiting syndrome or other gastroin-
testinal disorders, hence particular attention should be 
directed to potential psychosocial factors post bariatric 
surgery. Therefore, low dose antidepressant medications 
and psychotherapy should be addressed. On demand CT 
scan and Gastroscopy could be the gold standard investi-
gations in chronic situations[39,40].

Marginal ulceration
Due to increased risk of  ulcer formation from nonste-
roidal anti-inflammatory drugs (NSAIDs), these medica-
tions should be discontinued postoperatively, especially 
after RYGB. NSAID use is associated with an increased 
risk of  bleeding. If  analgesic or anti-inflammatory treat-
ment is needed, the use of  acetaminophen is preferred in 

a dose of  1-2 g/daily[41-45]. Other factors associated with 
increased risk of  ulcer formation are smoking, alcohol, 
spicy food, gastrogastric fistulas, ischemia at the site of  
surgical anastomosis, poor tissue perfusion due to ten-
sion, presence of  foreign material, such as staples and/or 
Helicobacter pylori infection. Diagnosis is established by 
upper endoscopy. According to our strategy, all patients 
should undergo diagnostic upper endoscopy to exclude 
congenital or GI diseases prior to bariatric procedures. 
Medical management is usually successful and surgical 
intervention is rarely needed[46-48].

DUMPING SYNDROME
Dumping syndrome or rapid gastric emptying is a group 
of  symptoms that most likely occur following bariatric 
bypass. It occurs when the undigested contents of  the 
stomach move too rapidly into the small intestine. Many 
patients who underwent bariatric bypass experienced 
postprandial hypoglycemia. However, the dumping syn-
drome usually occurs early (within one hour) after eating 
and is not associated with hypoglycemia. It is presumed 
to be caused by contraction of  the plasma volume due 
to fluid shifts into the gastrointestinal tract. Dumping 
syndrome may result in tachycardia, abdominal pain, 
diaphoresis, nausea, vomiting, diarrhea, and sometimes, 
hypoglycemia. The late dumping syndrome is a result of  
the hyperglycemia and the subsequent insulin response 
leading to hypoglycemia that occurs around 2-3 h after 
a meal. Dumping syndrome is a common problem that 
occurs in patients who have undergone RYGB and when 
high levels of  simple carbohydrates are ingested. Accord-
ingly, patients who have experienced postgastric bypass 
bariatric surgery should avoid foods that are high in sim-
ple sugar content and replace them with a diet consisting 
of  high fiber and protein rich food. Eating vegetables 
and salad is encouraged; beverages and alcohol consump-
tion are better avoided[49]. 

PSYCHOSOMATIC DISORDERS/
DEPRESSION
Many patients usually experience enhanced self  esteem 
and improved situational depression following weight 
loss. Depression often requires continued treatment, 
specially that, many patients with severe obesity often 
use food for emotional reasons. Therefore, when those 
patients experience a small gastric pouch postoperatively 
they may grieve the loss of  food. Many studies docu-
mented the relationship between eating disorder and anx-
iety disorder, depression or schizophrenia[50,51]. Displaced 
emotions can result in somatization with symptoms of  
depression and psychosomatic disorders. It is important 
that clinicians recognize the psychological aspect of  food 
loss after bariatric surgery, and reassure patients that the 
symptoms are related to the small gastric pouch size. 
Antidepressants often help to decrease the anxiety re-
lated to grieving associated with food loss, although the 
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use of  antidepressants needs to be approached with an 
empathetic style. Behavioral and emotive therapies are 
reported to be very helpful[52,53]. 

OUTCOME
Bariatric surgery remains the only effective sustained 
weight loss option for morbidly obese patients. The 
American Society for Metabolic and Bariatric Surgery 
estimated that in 2008 alone, about 220000 patients in 
the United States underwent a weight loss operation. The 
optimal choice for type of  bariatric procedure, i.e., RYGB, 
SG, AGB or the selected surgical approach, i.e., open ver-
sus laparoscopic depends upon each individualized goals, 
i.e., weight loss, glycemic control, surgical skills, center ex-
perience, patient preferences, personalized risk assessment 
and other medical facilities. Laparoscopic sleeve gastrec-
tomy is the most common bariatric procedure. However 
weight re-gain after long-term follow-up was reported[54-58]. 
Prospective studies and reviews report a general tendency 
for patients with metabolic disorders to improve or nor-
malize after bariatric surgery. However weight loss is high-
ly variable following each procedure. Recent studies have 
evaluated the potential impact of  obesity on outcomes in 
organ-transplant recipients, for example bariatric surgery 
may be an important bridge to transplantation for mor-
bidly obese patients with severe heart failure[59-63].  

RECENT ADVANCES IN BARIATRIC 
SURGERY
A modified intestinal bypass bariatric procedure (Elbanna 
operation), reported a novel surgical technique designed 
to maintain good digestion, better satiety, and selective 
absorption with less medical and surgical complications 
(Figure 5). This procedure preserves the proximal duode-

num and the terminal ileum and thus preserving the ana-
tomical biliary drainage and enterohepatic circulation[64,65]. 

Recently, a novel bariatric technique dedicated; Modi-
fied Elbanna technique in childhood bariatric, showed 
promising success in pediatric surgeries (non published 
data). 

CONCLUSION
The rising prevalence of  overweight and obesity in sev-
eral countries has been described as a global pandemic. 
Obesity can be considered like the driving force towards 
the pre-mature deaths. It increases the like hood for the 
development of  diabetes, hypertension and NASH. The 
American Heart Association identified obesity as an in-
dependent risk factor for the development of  coronary 
heart disease. In order to minimize post-surgical cardio-
vascular risk, surgical weight loss may become a more 
frequently utilized option to address obesity. Currently, 
bariatric surgery passes through a plateau phase, hence 
medical management and follow up of  patients who have 
undergone bariatric surgery is a challenge. 

FUTURE RECOMMENDATIONS
Children obesity has become one of  the most impor-
tant public health problems in many industrial countries. 
In the United States alone, 5% of  children have severe 
obesity. It is imperative that health care providers should 
identify overweight and obese children so as to start 
early counseling and therapy. To establish a therapeutic 
relationship and enhance effectiveness, the communica-
tion and interventions should be supported by the entire 
family, society, school, public media and primary health 
care. Bariatric surgery could be considered in complicated 
cases that failed all other options. 
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Abstract
AIM: To evaluate the diagnostic accuracy (DA) in acute 
surgical patients admitted to a District General Hospital.

METHODS: The case notes of all acute surgical pa-
tients admitted under the surgical team for a period of 
two weeks were reviewed for the data pertaining to the 
admission diagnoses, relevant investigations and final 
diagnoses confirmed by either surgery or various other 
diagnostic modalities. The diagnostic pathway was re-
corded from the source of referral [general practitioner 
(GP), A and E, in-patient] to the correct final diagnosis 
by the surgical team. 

RESULTS: Forty-one patients (23 males) with acute 
surgical admissions during two weeks of study period 
were evaluated. The mean age of study group was 
61.05 ± 23.24 years. There were 111 patient-doctor 
encounters. Final correct diagnosis was achieved in 
85.4% patients. The DA was 46%, 44%, 50%, 33%, 

61%, 61%, and 75% by GP, A and E, in-patient refer-
ral, surgical foundation year-1, surgical senior house 
officer (SHO), surgical registrar, and surgical consultant 
respectively. The percentage of clinical consensus di-
agnosis was 12%. Surgery was performed in 48.8% of 
patients. Sixty-seven percent of GP-referred patients, 
31% of A and E-referred, and 25% of the in-patient re-
ferrals underwent surgery. Surgical SHO made the most 
contributions to the primary diagnostic pathway.

CONCLUSION: Approximately 85% of acute surgical 
patients can be diagnosed accurately along the diag-
nostic pathway. Patients referred by a GP are more 
likely to require surgery as compared to other referral 
sources. Surgical consultant was more likely to make 
correct surgical diagnosis, however it is the surgical 
SHO that contributes the most correct diagnoses along 
the diagnostic pathway.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Diagnostic accuracy; Diagnostic error; Mis-
diagnosis; Premature closure

Core tip: Approximately 85% of acute surgical patients 
can be diagnosed accurately along the diagnostic path-
way. One of the strategies to reduce diagnostic error is to 
develop pathways for feedback. It is particularly impor-
tant to develop feedback pathways for the junior doctors, 
as it has been shown that less experienced doctors tend 
to most over-estimate their diagnostic accuracy. With 
anonymity removed, the basic design of this study seems 
well suited to enable feedback to each physician involved 
in the care of an acute surgical patient. 
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INTRODUCTION
Diagnostic errors have recently begun to receive more 
attention as a preventable source of  patient harm. Diag-
nostic errors are estimated to account for 80000-160000 
deaths per year[1]. Misdiagnosis has been the leading cause 
of  medical malpractice payments over the last 25 years, 
making up 28.6% of  claims and 35.2% of  total payouts[1]. 
Missed, incorrect, or delayed diagnoses are estimated to 
occur in 15% of  clinical cases, accounting for 8%-20% 
of  adverse medical events[2]. Diagnosis is the most criti-
cal of  a physician’s skills. Nuland previously so perfectly 
stated, “It is every doctor’s measure of  his abilities; it is 
the most important ingredient in his professional self  
image”[3], yet even with such a high regard for diagnostic 
accuracy, there remains an absence of  ownership when 
it comes to quality and safety systems to reduce the diag-
nostic errors[4]. Most of  the studies attempting to quantify 
the diagnostic error have either been retrospective stud-
ies examining adverse events, such as malpractice claims 
and autopsy reports, or have been experimental studies 
comparing multiple physician responses to the same di-
agnostically challenging scenarios, which are often not 
reflective of  the actual clinical environment[2]. Therefore, 
the true prevalence of  diagnostic errors and inability to 
make right diagnosis along the acute surgical pathway has 
been notoriously difficult to evaluate[2,5].

Preventable diagnostic errors can result form the 
system-related factors and various cognitive factors. A 
published article on the prevalence of  diagnostic error in 
100 clinical cases revealed the system-related factors result 
in 65% diagnostic inaccuracies and cognitive factors in 
74%[6] of  the diagnostic inaccuracies. While many pro-
grams have been initiated to address the system-related 
factors such as improved communication, enhancing the 
concept of  an effective teamwork, and tackling the pro-
cedural problems, clear pathways to reduce the diagnostic 
errors contributed by the cognitive factors have been 
more elusive and indefinable. A wide range of  suggestions 
have been made about how to reduce cognitive errors in 
making the correct diagnosis. Graber et al[6] have described 
three distinct categories of  interventions as those meant 
to: (1) improve knowledge and experience; (2) improve 
clinical reasoning and decision-making skills; and (3) 
provide cognitive “help”. Though many of  these sugges-
tions are well conceptualized and widely endorsed, a large 
portion remain untested or testing has been restricted to 
trainees in artificial settings, which does not necessarily 
reflect actual practice[7]. The diagnostic pathway for acute 
surgical patients involves GPs, Accident and Emergency, 
and surgeons. The need to investigate and quantify the 
impact of  procedural and diagnostic accuracy at each level 
of  medical contact is clear. Lack of  a working diagnosis 
impacts patient care, outcome, and cost. 

The objective of  this observational study is to evalu-
ate the diagnostic accuracy at each level of  the primary 
diagnostic pathway in acute surgical patients admitted to 
a District General Hospital.

MATERIALS AND METHODS
Study conception
It was noted that ward rounds for on-call surgeons were 
often disorganized, with no clear roles defined, leading 
to inconsistent record keeping. Therefore, on call surgi-
cal team decided to address this by running ward rounds 
using briefing and debriefing for each ward round, rotat-
ing roles (each person present taking turns with patient 
presentation, record-keeping, and drug chart review), and 
asking each member of  the team if  they had anything to 
add before moving to the next patient. The surgical team 
was encouraged to clearly record 3 differential diagnoses 
for each doctor-patient encounter. It became apparent 
that the differential diagnoses listed would often change 
along the primary diagnostic pathway, and the idea to 
survey these changes emerged. 

Profroma
A one-page profroma was designed and relevant variables 
reported in previous but similar publications were in-
serted on it. Because this was an observational and pilot 
study examining the performance of  the acute surgical 
team without any involvement of  the patients, therefore, 
only an informal approval of  the study was taken from 
the local Ethics and Research Committee with verbal 
discussion and electronic communication. The contents 
of  the profroma were presented in internal clinical gov-
ernance meeting and few additional variables were also 
included based upon the recommendations of  clinical 
governance panel. All authors and local Ethics and Re-
search Committee approved the profroma and its con-
tents before starting the data collection.

Inclusion criteria
To review the case notes and ward round entries of  all 
acute surgical admissions during randomly selected two 
weeks.

Exclusion criteria
Patients whose notes were not available through secretar-
ies or on the wards during data collection were excluded. 

Data collection
Patient information including surname, hospital number, 
date of  birth, and gender was collected onto a one page 
proforma, and each doctor/patient encounter was reviewed 
retrospectively to include up to 3 differential diagnoses 
listed in the patient notes. Doctors were anonymously 
recorded as general practitioner (GP), accident and emer-
gency doctor (A and E), in-patient referrer (IP), surgical 
foundation year-1, surgical senior house officer (SHO), sur-
gical registrar on-call (SROC), and the surgical consultant. 
Patient/doctor encounters were recorded along the primary 
diagnostic pathway, from GP referral, if  available, up to the 
first surgical consultant review or definitive diagnosis by 
emergency surgery if  that preceded consultant review. Final 
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ed 3 differential diagnoses most often, (67%, 43%, and 
39%, respectively) while referring physicians rarely re-
corded 3 differentials, i.e., 0%, 12.5%, and 0% for GP, A/
E, and IP respectively. Consultant was most likely to re-
cord a correct diagnosis (75%), followed by SHO (61.3%) 
and SROC (61.1%) (Figure 2). The accuracy of  encoun-
ters with 3 differentials listed was 68.75% vs 63.77% for 
just 1-2 differentials. Among the surgical team, the use of  
3 differential diagnoses did improve diagnostic accuracy 
by 8.1%, (65.2% to 73.3%) though significance was not 
reached (Figure 3). Three differentials were listed at least 
one time in 23 of  the 41 patients. A correct diagnosis was 
made in 19 of  these patients (82.6%). In the remaining 
18 patients only 1-2 differentials were ever listed. A cor-
rect diagnosis was made in 16 of  these patients (88.9%). 
Of  the 32 times in which 3 differentials were listed, only 
one (3.1%) of  these had the correct diagnosis as the third 
differential (Figure 4).

Contribution in the accurate diagnosis
It is important to identify where diagnoses were made, 
rather than simply repeated from a previous clinician. If  
a correct diagnosis had not been made previously, the cli-
nician had the potential to contribute a correct diagnosis. 
As shown in Figure 5, the surgical SHO contributed the 
correct diagnoses most often (57.1% of  potential contri-
butions). The surgical SHO also contributed 34.3% of  all 
correct diagnoses, the highest of  any surgical personnel 
on call. Three differentials were used to make contribu-
tions most often by SHO, followed by Consultant and 
then by the SROC (66.7%, 60%, and 50% respectively). 

Right-to-wrong changes
Failure to include a correct diagnosis made by a previous 
clinician was regarded as a right-to-wrong change. This 
occurred 5 times in 111 (4.5%), however 4 of  these cases 
were due to no diagnosis being recorded after a correct 

diagnosis was determined by surgical findings, radiologi-
cal confirmation, or clinical consensus of  the rounding on 
call surgical team comprised of  surgical F1, surgical SHO, 
SROC and surgical consultant as recorded in the discharge 
summary. All data was kept together in a ring binder and 
later entered into a spreadsheet for analysis. Authors col-
lected data independently and later on the discrepancies 
were removed with mutual discussions. There was high 
and statistically satisfactory inter-observer agreement based 
upon the Kappa Statistic Score of  0.93. 

Data analysis
Data was organized and analyzed using Microsoft Excel® 
spread sheet (Office 2010, Microsoft Corporation, New 
York, United States). Statistical analysis was performed 
with Review Manager 5.2. Each differential diagnosis 
listed in a doctor/patient encounter was compared to the 
final diagnosis and scored as correct or incorrect. Failure 
to list any differential diagnosis was regarded as incorrect. 

Endpoints
Recording a differential diagnosis that corresponded with 
the discharge summary was accepted as an accurate diag-
nosis. 

Results
Patient demographics
Forty-one patients (23 males) with mean age of  61.05 (± 
23.24) years were evaluated over 111 patient-doctor en-
counters. Surgery or other invasive diagnostic procedure 
was performed in 48.8% of  patients. Correct diagnosis 
was achieved in 85.4% of  patients along the primary di-
agnostic pathway. 

Diagnostic outcomes
As shown in Figure 1, FY1, Consultant, and SHO record-
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diagnosis had been made previously. Only one truly right-
to-wrong diagnosis was made, (0.9%) in which malig-
nancy was removed from the list of  differentials. 

Surgical treatments
Patients referred by a GP were more than twice as likely 
to undergo surgery as patients referred from A/E. (OR 

4.40, CI: 1.09-17.72, P = 0.04) However, due to the small 
size of  this study, significance was not reached for GP vs 
in-patient referrals (P = 0.15) (Figure 6).

Discussion
Approximately 85% of  acute surgical patients can be di-
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agnosed accurately along the primary diagnostic pathway 
during acute presentations. The surgical consultant was 
more likely to make a correct surgical diagnosis compared 
to all health personnel; however it is the surgical SHO that 
contributes the most correct diagnoses along the diagnos-
tic pathway. Patients referred by a GP are more likely to 
require surgery as compared to other referral sources.

Premature closure, the cognitive error of  failing to 
continue to consider reasonable alternatives after an ini-
tial diagnosis has been made, is often cited as the most 
common cognitive factor leading to a diagnostic er-
ror[7-11]. Much of  the focus on decreasing cognitive errors 
has been on improving clinical reasoning and decision-
making by educating physicians about how they make 
decisions and teaching the use of  de-biasing techniques 
and active meta-cognitive review[12]. Some difficulties 
with the implementation of  these strategies include time, 
cost, and physician interest, as well as the need to prove 

the efficacy of  these strategies in clinical practice[13]. The 
potential to reduce the incidence of  premature closure 
with a simple practice that would require no further train-
ing and could be easily tested in clinical practice would 
be ideal as a means to reduce dangerous and costly di-
agnostic errors. The authors suggest that the practice of  
clearly listing 3 differential diagnoses in the patient notes 
is a simple way to modestly decrease the cognitive error 
of  premature closure. Listing of  three differentials vs 
listing of  one or two differentials seems to improve the 
diagnostic accuracy among the surgical team, although a 
larger study would be needed to reach statistical signifi-
cance. For the 8.1% improvement in diagnostic accuracy 
seen among the surgical team to be statistically significant 
(95%CI, 80% power), over 547 patient records should be 
evaluated. Further support for the use of  three differen-
tials comes from the increased proportion of  diagnoses 
contributed using this method. Given the impact of  mis-
diagnosis on the healthcare system, the difficult nature 
of  reducing cognitive errors in clinical practice, and the 
simplicity of  the intervention described, the authors feel 
it is worthwhile to consider further study in this area to 
explore any benefit of  this practice. 

Limitations
The small size of  this study limits the statistical signifi-
cance of  many of  the trends seen in the data. Other 
limitations noted during the data collection included dif-
ficulty in locating GP referral letters in the patient notes 
and therefore not including those encounters, as well as 
missing patients that were seen by on-call surgeons in 
the evening and subsequently discharged before morning 
rounds. The use of  a junior doctor scribe when patients 
are reviewed by a consultant or registrar may result in 
differential diagnoses being stated but not recorded, and 
therefore not counted.

Future implications
One of  the strategies to reduce diagnostic error is to de-
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velop pathways for feedback[2,14]. It is particularly important 
to develop feedback pathways for the junior doctors, as it 
has been shown that less experienced doctors tend to most 
over-estimate their diagnostic accuracy[2]. With anonymity 
removed, the basic design of  this study seems well suited to 
enable feedback to each physician involved in the care of  
an acute surgical patient. In this way a simple score could 
be reported as a way to objectively evaluate diagnostic per-
formance, with the ultimate goal of  self-improvement and 
future decrease in diagnostic errors. This approach would 
allow feedback not just after a negative event, as is the case 
with many feedback systems in place, but would track per-
formance in a simple, ongoing manner.
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Accurate clinical diagnosis in acutely admitted surgical patients is of immense 
importance because of the necessity of timely surgical interventions such as 
need of laparotomy, laparoscopy and or organ resection. Inaccurate diagnosis 
can lead to serious consequences in terms of delayed treatment, prolonged 
hospital stay, increased operative morbidity or mortality putting excessive strain 
on the health resources. Any measure which directly or indirectly may influence 
the diagnostic accuracy in acute surgical patients should be investigated and 
implemented in a timely manner to avoid these consequences. This article high-
lights the value and shortcomings of a referral pathway through which acute 
surgical patients pass through and get accurately diagnosed for the optimum 
management.
Research frontier
Various studies published on this topic, although reported the diagnostic ac-
curacy of different grades of acute surgical team with variable accuracy. This 
is the first study which investigates the diagnostic accuracy of all sources of 
referral during the course of management of acutely ill patients such as general 
practitioners, A/E doctors, surgical juniors, surgical middle grade doctors and 
eventually surgical consultant on call.
Innovations and breakthroughs
The potential to reduce the incidence of mis-diagnosis with a simple practice 
that would require no further training and could be easily tested in clinical 
practice would be ideal as a means to reduce dangerous and costly diagnostic 
errors. The authors suggest that the practice of clearly listing 3 differential 
diagnoses in the patient notes is a simple way to modestly decrease the 
cognitive error of premature closure. Listing of three differentials vs listing of 
one or two differentials seems to improve the diagnostic accuracy among the 
surgical team, although a larger study would be needed to reach statistical 
significance. For the 8.1% improvement in diagnostic accuracy seen among 
the surgical team to be statistically significant (95%CI, 80% power), over 547 
patient records should be evaluated. Further support for the use of three dif-
ferentials comes from the increased proportion of diagnoses contributed using 
this method. Given the impact of misdiagnosis on the healthcare system, the 
difficult nature of reducing cognitive errors in clinical practice, and the simplicity 
of the intervention described, the authors feel it is worthwhile to consider further 
study in this area to explore any benefit of this practice. 
Applications
One of the strategies to reduce diagnostic error is to develop pathways for 
feedback. It is particularly important to develop feedback pathways for the ju-
nior doctors, as it has been shown that less experienced doctors tend to most 
over-estimate their diagnostic accuracy. With anonymity removed, the basic 
design of this study seems well suited to enable feedback to each physician in-
volved in the care of an acute surgical patient. In this way a simple score could 
be reported as a way to objectively evaluate diagnostic performance, with the 
ultimate goal of self-improvement and future decrease in diagnostic errors. This 
approach would allow feedback not just after a negative event, as is the case 

with many feedback systems in place, but would track performance in a simple, 
ongoing manner.
Terminology
FY1: It stands for foundation year 1. The group of junior most surgical doctors in 
the United Kingdom NHS Trust health system which start clinical practice just after 
finishing medical school. SHO: It stands for Senior House Officer which a surgical 
grade after finishing two years of foundation training (FY1 and FY2). SROC: Its 
stands for Surgical Registrar On Call. Surgical registrar is of variable experience 
depending upon the step of ladder on training pathway (year 1 to year 8). 
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When the authors write the references, please ensure that the 
order in text is the same as in the references section, and also ensure 
the spelling accuracy of  the first author’s name. Do not list the same 
citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, e.g. 
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Simple-
TextQuery/, respectively. The numbers will be used in E-version of  
this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-faced 
letters. The family name of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated first and middle ini-
tials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong 
Pan as Pan BR). The title of  the cited article and italicized journal title 
(journal title should be in its abbreviated form as shown in PubMed), 
publication date, volume number (in black), start page, and end page 
[PMID: 11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial let-
ter capitalized, followed by their abbreviated middle and first initials. 
(For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan 
as Pan BR) Book title. Publication number. Publication place: Publica-
tion press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors: 
A prospective controlled two-center study. World J Gastroenterol 

2007; 13: 6356-6364 [PMID: 18081224   DOI: 10.3748/wjg.13. 
6356]

Chinese journal article (list all authors and include the PMID where applicable)
2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic ef-

fect of  Jianpi Yishen decoction in treatment of  Pixu-diarrhoea. 
Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
DOI:10.1161/01.HYP.0000035706.28494.09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 Euro-
pean men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.ju. 
0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. BMJ 

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment of  
migraine and in comparison with sumatriptan. Headache 2002; 
42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/j.1526- 
4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen sec-

tion analysis in revision total joint arthroplasty. Clin Orthop Relat 
Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.1097/0000
3086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary system. 

9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical treat-

ment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer disease: 
investigation and basis for therapy. New York: Marcel Dekker, 
1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd 

ed. Wieczorek RR, editor. White Plains (NY): March of  Dimes 
Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours 

V. Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th European 
Conference on Genetic Programming; 2002 Apr 3-5; Kinsdale, 
Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flex-
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Instructions to authors

ible endoscopic grasping and cutting device and positioning tool 
assembly. United States patent US 20020103498. 2002 Aug 1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as χ2 
(in Greek), related coefficient as r (in italics), degree of  freedom as υ (in 
Greek), sample number as n (in italics), and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pressure, 
p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood 
glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood CEA mass 
concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume fraction, 50 
mL/L CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 10% 
formalin; and mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 
243, 641 should be read 23 243 641.

The format for how to accurately write common units and quan-
tums can be found at: http://www.wjgnet.com/1948-9366/g_info_ 
20100312191949.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on first 
mention in the text. In general, terms should not be abbreviated un-
less they are used repeatedly and the abbreviation is helpful to the 
reader. Permissible abbreviations are listed in Units, Symbols and Ab-
breviations: A Guide for Biological and Medical Editors and Authors 
(Ed. Baron DN, 1988) published by The Royal Society of  Medicine, 
London. Certain commonly used abbreviations, such as DNA, RNA, 
HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, 
ELISA, PBS, ATP, EDTA, mAb, can be used directly without further 
explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, m 
mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
All types of  articles’ writing style and requirement will be found in the 
link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Authors must revise their manuscript carefully according to the 

revision policies of  BPG. The revised version, along with the 
signed copyright transfer agreement, responses to the reviewers, 
and English language Grade B certificate (for non-native speakers 
of  English), should be submitted to the online system via the link 
contained in the e-mail sent by the editor. If  you have any questions 
about the revision, please send e-mail to esps@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1948-9366/g_info_20100312191901.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/1948-9366/
g_info_20100312191818.htm.

Proof of financial support
For papers supported by a foundation, authors should provide a copy 
of  the approval document and serial number of  the foundation.

STATEMENT ABOUT ANONYMOUS PUBLICA-
TION OF THE PEER REVIEWERS’ COMMENTS
In order to increase the quality of  peer review, push authors to 
carefully revise their manuscripts based on the peer reviewers' com-
ments, and promote academic interactions among peer reviewers, 
authors and readers, we decide to anonymously publish the review-
ers’ comments and author’s responses at the same time the manu-
script is published online.
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