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Aljouf University Medical Journal (AUMJ; ISSN: 

1658-6700) is an online Open-Access and printed 
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the world.  
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To establish AUMJ as an internationally competent 
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3. Expanding, increasing the depth, and spreading of 

internationally competent and updated medical 
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local and international communities. 
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AUMJ Comprehensive Instructions for Authors and Reviewers 

INTRODUCTION 

Types of submission and criteria 

Original Research Communications may be offered as 

Full Papers, as Short Communications or as Short 

research Paper. The latter format is recommended for 

presenting technical evaluations and short clinical 

notes, comprising up to 1,500 words of text, 15 

references, and two illustrative items (Tables and/or 

Figures).  

Clinical Trials and Case Reports will be accepted only 

where they provide novel insight into disease 

mechanisms, management, or diagnostic applications. 

Reviews and Minireviews will be welcome but 

prospective authors are strongly advised to seek 

authorization from the Editor-in-Chief to avoid 

conflict with scheduled reviews invited by the 

Editorial Board. They should address new topics or 

trends in basic biomedical, clinical, and allied health 

sciences.  

Policy Papers, Study Protocols and Pre-Protocols and 

Method Articles. 

Medical educational articles, Commentaries (on the 

clinical, scientific, social, political, and economic 

factors affecting health), Opinion, Meeting Summary 

and Book review articles. Please contact the Editor-in-

Chief for consideration. 

BEFORE YOU BEGIN 

THE JOURNAL PLAGIARISM POLICY 

AUMJ employs  software for 

plagiarism screening to verify the originality of 

content submitted before reviewing. We strongly 

oppose the practice of duplicate publication or any 

type of plagiarism. Plagiarized manuscripts would not 

be considered for publication. If plagiarism is found in 

any published paper after internal investigation, a 

letter would be immediately sent to all the authors, 

their affiliated institutes and funding agency, if 

applicable and subsequently the paper will be 

retracted.  

AUMJ Editorial Board trusts that authors understand 

why the Journal's integrity must be protected through 

preventing plagiarism. The manuscript must be free 

from plagiarism according to our iThenticate 

plagiarism detection software - defined as ≤1% 

similarity or "Text overlap" from any source including 

your published works (self-plagiarism). iThenticate 

checks for plagiarism from world-wide databases, 

including internet web sites. Even less than that rate in 

the results section - case-dependently - may not be 

accepted. Manuscripts with the minor plagiarism 

scientific misconduct of ≥2% similarity rate per source 

with multiple references will not be processed for 

publication till corrected.   

On initial submission, the manuscript will be tested for 

similarity with iThenticate. The iThenticate report of 

your manuscript is color-coded such that each "source" 

has a unique color that is used for each instance of 

copied text (words, sentences, paragraphs) from the 

source. We limit the iThenticate software check to 

Abstract, Introduction, Results, Discussion, Table 

Titles and contents and Figure contents and legends, 

and, it excludes Title page, Methods section, 

Acknowledgment section, and Literature Cited 

sections - since similarities in these sections is 

expected to be high. However, how high the accepted 

similarity rates in those sections is case-dependent and 

should be as low as possible. 

AUMJ encourages authors to use the Similarity Report 

to write original text for the words, phrases, sentences 

and/or paragraphs that have similarity of ≥2% with the 

identified source published works. We understand the 

importance of keeping specific key words and phrases 

(molecules, models, drugs, species, equipment, assay 

technique, etc). In cases with similarity of ≥2%, the 

author(s) will have One of Two Options; either 

withdraw the submission, or, resubmit the manuscript 

after removing the indicated plagiarism so as to have 

≤1% similarity rate per source as determined by 

iThenticate. 

Plagiarism policy of this journal is mainly inspired 

from the plagiarism policy of The Nature 

(http://www.nature.com/authors/policies/plagiarism.ht

ml) and is summarized as described below:  

1. Plagiarism is when an author attempts to pass off 

someone else's work as his or her own. This 

journal also adopted IEEE definition of plagiarism 

to deal such cases. It defines plagiarism as "the 

reuse of someone else’s prior ideas, processes, 

results, or words without explicitly 

acknowledging the original author and source.” 

2. Plagiarism can be said to have clearly occurred 

when large chunks of text have been cut-and-

pasted. Such manuscripts would not be considered 

for publication in the journal. Papers with 

confirmed plagiarisms are rejected immediately. 

3. But minor plagiarism without dishonest intent is 

relatively frequent, for example, when an author 
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reuses parts of an introduction from an earlier 

paper. 

4. Duplicate publication, sometimes called self-

plagiarism, occurs when an author reuses 

substantial parts of his or her own published work 

without providing the appropriate references. This 

can range from getting an identical paper 

published in multiple journals, to 'salami-slicing', 

where authors add small amounts of new data to a 

previous paper. Self-plagiarism, also referred to as 

‘text recycling’, is a topical issue and is currently 

generating much discussion among editors. 

Opinions are divided as to how much text overlap 

with an author’s own previous publications is 

acceptable. We normally follow the guidelines 

given in COPE website. Editors, reviewers and 

authors are also requested to strictly follow this 

excellent guideline (Reference: Text Recycling 

Guidelines: http://publicationethics.org/text-

recycling-guidelines). 

5. In case of “suspected minor plagiarism”, authors 

are contacted for clarification. Depending on all 

these reports, reviewers and editors decide final 

fate of the manuscript.  

6. Use of automated software is helpful to detect the 

'copy-paste' problem. All submitted manuscripts 

are checked by the help of different databases, 

eTBLAST, Plagiarism Detection tools, etc. At the 

same time scientific implication of the case 

('suspected minor plagiarism'), also judged by 

reviewers and editors. Plagiarism Detection tools 

are useful, but they should to be used in tandem 

with human judgment and discretion for the final 

conclusion. Therefore, suspected cases of 

plagiarisms are judged by editors on 'case-to-case 

basis'. 

7. Editors have the final decision power for these 

cases. 

Ethics in publishing 

Policy and ethics 

The work described in your article must have been 

carried out in accordance with The Code of Ethics of 

the World Medical Association (Declaration of 

Helsinki) for experiments involving humans 

(http://www.wma.net); Uniform Requirements for 

manuscripts submitted to Biomedical journals 

(http://www.icmje.org) published by the International 

Committee of Medical Journal Editors. An official 

local authorized body should review the research 

project before its beginning and a document 

acknowledging the ethical clearance of the research 

could be requested from prospective authors. This 

must be stated at an appropriate point in the article 

(Material and Methods). Research papers based on 

animal studies should get a similar ethical clearance 

from an official committee for the animal welfare. 

Conflict of interest 

All authors are requested to disclose any actual or 

potential conflict of interest including any financial, 

supplements, personal or other relationships with other 

people or organizations within three years of 

beginning the submitted work that could 

inappropriately influence, or be perceived to influence, 

their work.  

Submission declaration and verification 

Submission of an article implies that the work 

described has not been published previously (except in 

the form of an abstract or as part of a published lecture 

or academic thesis or as an electronic preprint), that it 

is not under consideration for publication elsewhere, 

that its publication is approved by all authors and by 

the responsible authorities where the work was carried 

out, and that, if accepted, it will not be published 

elsewhere in the same form, in English or in any other 

language, including electronically without the written 

consent of the copyright-holder. To verify originality, 

your article may be checked by an appropriate 

originality detection service. 

Authorship 

All authors should have made substantial contributions 

to all of the following: (1) the conception and design 

of the study, or acquisition of data, or analysis and 

interpretation of data, (2) drafting the article or 

revising it critically for important intellectual content, 

(3) final approval of the version to be submitted. 

Changes to authorship 

This policy concerns the addition, deletion, or 

rearrangement of author names in the authorship of 

accepted manuscripts before the accepted manuscript 

is published in an online and/or printed issue. 

 Requests to add or remove an author, or to 

rearrange the author names, must be sent to the 

Journal Manager from the corresponding author 

of the accepted manuscript and must include: (a) 

the reason the name should be added or removed, 

or the author names rearranged and (b) written 

confirmation (e-mail, fax, letter) from all authors 

that they agree with the addition, removal or 

rearrangement.  

 In the case of addition or removal of authors, this 

includes confirmation from the author being 

added or removed.  

 Requests that are not sent by the corresponding 

author will be forwarded by the Journal Manager 

http://www.wma.net/
http://www.icmje.org/
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to the corresponding author, who must follow the 

procedure as described above.  

 Journal Deputy Editor will inform the Journal 

Editor-in-Chief of any such requests and 

publication of the accepted manuscript in an 

online issue is suspended until authorship has 

been agreed. 

 After the accepted manuscript is published in an 

online and/or printed issue: Any requests to add, 

delete, or rearrange author names in an article 

published in an online issue will follow the same 

policies as noted above and result in a 

corrigendum. 

Role of the funding source 

You are requested to identify who provided financial 

support for the conduct of the research and/or 

preparation of the article and to briefly describe the 

role of the sponsor(s), if any, in study design; in the 

collection, analysis and interpretation of data; in the 

writing of the report; and in the decision to submit the 

article for publication. If the funding source(s) had no 

such involvement then this should be stated. 

Open access 

Once AUMJ is launched as an open access journal, 

articles are freely available to both subscribers and the 

wider public with permitted reuse. No Open Access 

publication fee. All articles published Open Access 

will be immediately and permanently free for everyone 

to read, download, distribute and copy the article, and 

to include in a collective work (such as an anthology), 

as long as they credit the author(s) and provided they 

do not alter or modify the article. 

The processing and publication fee 

No processing or publication fee is required.  

Language (usage and editing services) 

Please write your text in good English (American or 

British usage is accepted, but not a mixture of these). 

Authors who feel their English language manuscript 

may require editing to eliminate possible grammatical 

or spelling errors and to conform to correct scientific 

English may wish to use any English Language 

Editing service available. The abstract content will be 

translated into Arabic to accompany the published 

manuscript as an Arabic Abstract. In case the author's 

mother language is not Arabic, the Journal will help 

preparing it. 

Submission 

Manuscript submission and follow up to this journal 

proceeds totally online through email communications 

(ajms@ju.edu.sa). Complete manuscript with tables 

and figures inserted within the text at their final place 

should be submitted as a single file in the two; word 

and PDF formats. The submission and copyright 

transfer form is available on request and is mandatory 

to hand fill, sign and date by all authors before any 

processing of the submitted material. The form is 

provided at the last page of every issue of AUMJ. 

Authors are encouraged to print and fill the form and 

submit alongside with the manuscript.    

Referees 

A minimum of six suitable potential reviewers (please 

provide their name, email addresses, title and 

institutional affiliation). When compiling this list of 

potential reviewers please consider the following 

important criteria: They must be knowledgeable about 

the manuscript subject area; must not be from your 

own institution; at least two of the suggested reviewers 

should be from another country than the authors'; and 

they should not have recent (less than four years) joint 

publications with any of the authors. However, the 

final choice of reviewers is at the editors' discretion. 

Types of submission and criteria 

Original Research Communications may be offered as 

Full Papers or as Short Communications. The latter 

format is recommended for presenting technical 

evaluations and short clinical notes, comprising up to 

1,500 words of text, 15 references, and two illustrative 

items (Tables and/or Figures). 

Case Reports will be accepted only where they 

provide novel insight into disease mechanisms, 

diagnostic, and management applications. 

Critical Reviews will be welcome but prospective 

authors are strongly advised to seek authorization from 

the Editor-in-Chief to avoid conflict with scheduled 

reviews invited by the Editorial Board. They should 

address new topics or trends in fields of the Journal 

Scope. 

Editorial and opinion pieces Please contact the Editor-

in-Chief for consideration. 

PREPARATION 

NEW SUBMISSIONS 

Submit your manuscript as a single PDF file and a 

single Word document file, in any format or layout 

that can be used by referees to evaluate your 

manuscript. It should contain high enough quality 

figures for refereeing.  

References 

There are no strict requirements on reference 

formatting at submission. References can be in any 

style or format as long as the style is consistent. Where 

applicable, author(s) name(s), chapter title/article title, 



 AUMJ Comprehensive Instructions For Authors and Reviewers 

Aljouf University Medical Journal (AUMJ), 2015 January 1; 2(1): iv - xvi.  

2015 

journal title/book title, year of publication, volume 

number-issue number/book chapter and the pagination 

must be present. Use of DOI is highly encouraged. The 

reference style used by the journal will be applied to 

the accepted article at the proof stage. Note that 

missing data will be highlighted at proof stage for the 

author to correct. 

Formatting requirements 

On initial submission, there are no strict formatting 

requirements but all manuscripts must contain the 

essential elements needed to convey your manuscript 

message; Title, Abstract, Keywords, Introduction, 

Materials/Patients and Methods, Results with Artwork, 

Figures and Tables with legends and titles (below the 

figure and on top of the table, respectively), 

Discussion, Limitations of the study and Future 

directions, Gain of Knowledge, Conclusions, Conflict 

of Interest, Acknowledgement (if any), and 

References. Upon final acceptance, the author(s) will 

be instructed to reformat their manuscript according to 

AUMJ format detailed below. 

If your article includes any Videos and/or other 

Supplementary material, this should be included in 

your initial submission for peer review purposes. 

Divide the article into clearly defined sections with 

title, subtitles and sub-subtitles on separate lines 

whenever applicable. 

Figures and tables embedded in text. Please ensure the 

figures and the tables included in the single file are 

placed next to the relevant text in the manuscript. 

All standard and non-standard abbreviations should be 

define in full at the fist mention in the text and should 

be consistent throughout the paper.  

In the initial submission, it is advisable to have 

references in names (e.g., Smith et al, 2014) within the 

text rather than numbering them. Revision and 

correction frequently necessitate dropping or inserting 

text with their references. Numbering references in 

that stage will create the problem of renumbering them 

is the text and list. 

ORIGINAL RESEARCH PAPER WRITING 

TEMPLATE 

Papers that include original empirical data that have 

not been published anywhere earlier or is not under 

consideration for publication elsewhere (except as an 

abstract, conference presentation, or as part of a 

published lecture or academic thesis), and after 

accepted for publication it will not be submitted for 

publication anywhere else, in English. Null/negative 

findings and replication/refutation findings are also 

welcome. If a submitted study replicates or is very 

similar to previous work; authors must provide a 

sound scientific rationale for the submitted work and 

clearly reference and discuss the existing literature. 

Submissions that replicate or are derivative of existing 

work will likely be rejected if authors do not provide 

adequate justification. Studies, which are carried out to 

reconfirm/replicate the results of any previously 

published paper on new samples/subjects (particularly 

with different environmental and/or ethnic and genetic 

background) that produces new data-set, may be 

considered for publication. But these types of studies 

should have a ‘clear declaration’ of this matter. The 

English language in submitted articles must be clear, 

correct, and unambiguous. 

Title page information 

Page 1 of the typescript should be reserved for the 

title, authors and their affiliation and addresses. 

Title. Concise, informative and reflects the study 

content. Titles are often used in information-retrieval 

systems. Avoid abbreviations and formulae where 

possible. 

Author names and affiliations. Where the family name 

may be ambiguous (e.g., a double name), please 

indicate this clearly. Present the authors' affiliation 

addresses (where the actual work was done) below the 

names. Indicate all affiliations with a superscript 

Arabic number immediately after the author's name 

and in front of the appropriate address. Provide the full 

postal address of each affiliation, including the country 

name and the e-mail address and phone number (with 

country and area code) of each author.  

Corresponding author. The corresponding author 

should be indicated in addition with a superscript 

asterisk * immediately after his/her affiliation 

superscript Arabic number. The corresponding author 

will handle correspondence at all stages of refereeing, 

publication, and post-publication. Contact details must 

be kept up to date by the corresponding author. 

Present/permanent address. If an author has moved 

since the work described in the article was done, or 

was visiting at the time, a 'Present address' (or 

'Permanent address') may be indicated as a footnote to 

that author's name. The address at which the author 

actually did the work must be retained as the main, 

affiliation address. Superscript lower-case letters are 

used for such footnotes. 

Abstract 

Page 2 of the typescript should be reserved for the 

abstract which should be presented in a structured 

format and should not exceed 300 words. The 

following headings should be included for research 

articles followed by a colon: a) Background, b) 
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Hypothesis/Objectives: c) Materials/Patients and 

Methods: d) Results: e) Conclusions (should be data 

justified). Suitable headings could be used for other 

types of publications (Case reports, Review articles, 

etc). 

A concise and factual abstract is required. The abstract 

should state briefly the purpose of the research, the 

principal results and major conclusions. An abstract is 

often presented separately from the article, so it must 

be able to stand alone. For this reason, References 

should be avoided. Non-standard or uncommon 

abbreviations should be avoided, but if essential they 

must be defined at their first mention in the abstract 

itself. 

Keywords 

Immediately after the abstract, provide a maximum of 

10 keywords for full papers, or 5 keywords for Short 

Communications, using American spelling and 

avoiding general and plural terms and multiple 

concepts (avoid, for example, "and", "of"). Please use 

terms from the most current issue of medical subject 

headings of Index Medicus. The key words should 

cover precisely the contents of the submitted paper and 

should give readers sufficient information as to the 

relevance of the paper to his/her particular field. Be 

sparing with abbreviations: only abbreviations firmly 

established in the field may be eligible. These 

keywords will be used for indexing purposes. 

Introduction 

Provide adequate background that highlights the 

importance and gap information of your research point 

in relation to previous studies, but avoiding a detailed 

literature survey. State the hypothesis or rationale and 

objectives of the work and a brief description of how 

you planned to approach them. 

Materials or Patients and Methods 

Provide sufficient detail to allow the work to be 

reproduced, with details of supplier and catalogue 

number when appropriate. Methods already published 

should be indicated by a reference: only relevant 

modifications should be described. 

Patients and Normal Subjects 

If human participants were used in the experiment 

please make a statement to the effect that this study 

has been approved by your Institution Ethics Review 

Board for human studies, and, that patients or their 

custodians have signed an informed consent that also 

states right of withdrawal without any consequences. 

Sample sized should be appropriately calculated. The 

manuscript should describe how the size of the 

experiment was planned. If a sample size calculation 

was performed this should be reported in detail, 

including the expected difference between groups, the 

expected variance, the planned analysis method, the 

desired statistical power and the sample size thus 

calculated. For parametric data, variance should be 

reported as 95% confidence limits or standard 

deviations rather than as the standard error of the 

mean. Normal participants and patients criteria, 

inclusion and exclusion criteria should be stated. 

Name and address where the work was done and when 

it was done (time period, from …. to …..) should be 

clearly stated, too. 

Experimental animals 

When animals were used in the experiments, a local 

Institutional Ethics Review Board for animal studies 

should review and approve the experiment and that all 

animal procedures were in accordance with the 

standards set forth in guidelines for the care and use of 

experimental animals by Committee for Purpose of 

Supervision of Experiments on Animals (CPCSEA) 

and according to National Institute of Health (NIH) 

protocol. The precise species, strain, substrain and 

source of animals used should be stated. Where 

applicable (for instance in studies with genetically 

modified animals) the generation should also be given, 

as well as the details of the wild-type control group 

(for instance littermate, back cross etc). The 

manuscript should describe the method by which 

animals were allocated (randomized) to experimental 

groups, particularly for comparisons between groups 

of genetically modified animals (transgenic, knockout 

etc), the method of allocation to for instance sham 

operation or focal ischemia should be described. 

Experimental 

Provide sufficient detail to allow the work to be 

reproduced. Methods already published should be 

indicated by a reference: only relevant modifications 

should be described. Where and when the study was 

conducted should be stated.  

Results 

Results should be clear and concise. Data should be 

presented in an appropriately organized tables, figures 

and/or artworks. The statistical analysis used should be 

suitable for the objectives of the study and type of data 

analyzed. Prospective authors are highly advised to 

consult a biostatician.  

Footnotes 

Footnotes should be used sparingly. For table 

footnotes, indicate each footnote in a table with a 

superscript lowercase letter or add them into the title. 
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Graphical abstract 

A Graphical abstract is optional and should summarize 

the contents of the article in a concise, pictorial form 

designed to capture the attention of a wide readership 

online. Authors must provide images that clearly 

represent the work described in the article. Please 

provide an image with a minimum of 531 × 1328 

pixels (h × w) or proportionally more. The image 

should be readable at a size of 5 × 13 cm using a 

regular screen resolution of 96 dpi. It is preferable to 

be inserted at its normal place to the relevant text or 

otherwise be submitted as a separate TIFF, EPS, PDF 

or MS Office files.  

Discussion 

This should explore the significance, interpretation and 

reasoning of the results of the work vs. other studies. 

Do repeat describing the results in this section. A 

combined Results and Discussion section is 

acceptable. Avoid extensive citations and discussion of 

published literature. In the same time, avoid 

speculations without a supporting literature. Avoid 

discussion based on "Data not Shown" or "Personal 

Communications". 

Limitations and Future Prospective 

The authors may wish to pinpoint the limitations of the 

study and their reason and foresee the next step to go 

from their study. This may be presented in a short 

Limitations and Future Prospective section standing 

alone or as a separate paragraph in the Discussion or 

Results/Discussion section. 

Conclusions 

The main conclusions of the study may be presented in 

a short Conclusions section standing alone or as a 

separate paragraph at the end of the Discussion or 

Results/Discussion section. Conclusions should not be 

biased and should be based on the data, presented and 

discussed inside the manuscript only.  

Gain of Knowledge 

Following the conclusion section, it is mandatory for 

manuscripts submitted for final publication in AUMJ 

to have a Gain of Knowledge section that is consisted 

of 2 - 5 bullet points (maximum 90 characters, 

including spaces, per bullet point) that convey the core 

findings of the article. 

Acknowledgements 

Collate acknowledgements in a separate section at the 

end of the article before the references. List 

individuals or organizations that provided help during 

the research (e.g., providing language help, writing 

assistance or proof reading the article, etc.). Whoever 

would be acknowledged should be informed and a 

verification for that could be requested by AUMJ 

Editor. 

Appendices 

If there is more than one appendix, they should be 

identified as A, B, etc. Formulae and equations in 

appendices should be given separate numbering: Eq. 

(A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. 

(B.1) and so on. Similarly for tables and figures: Table 

A.1; Fig. A.1, etc. 

CASE REPORT WRITING TEMPLATE 

Title. Include the words “case report” in the title. 

Describe the phenomenon of greatest interest (e.g., 

symptom, diagnosis, diagnostic test, intervention, and 

outcome). 

Abstract. Summarize the following information if 

relevant: 1) Rationale for this case report, 2) 

Presenting concerns (e.g., chief complaints or 

symptoms, diagnoses), 3) Interventions (e.g., 

diagnostic, preventive, prognostic, therapeutic 

exchange), 4) Outcomes, and 5) Main lesson(s) from 

this case report. 

Key Words. Provide 3 - 8 key words that will help 

potential readers search for and find this case report. 

Introduction. Briefly summarize the background and 

context of this case report. 

Presenting Concerns. Describe the patient 

characteristics (e.g., relevant demographics - age, 

gender, ethnicity, occupation) and their presenting 

concern(s) with relevant details of related past 

interventions. 

Clinical Findings. Describe: 1) the medical, family, 

and psychosocial history including lifestyle and 

genetic information; 2) pertinent co-morbidities and 

relevant interventions (e.g., self-care, other therapies); 

and 3) the physical examination (PE) focused on the 

pertinent findings including results from testing. 

Timeline. Create a timeline that includes specific dates 

and times (table, figure, or graphic). 

Diagnostic Focus and Assessment. Provide an 

assessment of the; 1) diagnostic methods (e.g., PE, 

laboratory testing, imaging, questionnaires, referral), 

2) diagnostic challenges (e.g., financial, patient 

availability, cultural), 3) diagnostic reasoning 

including other diagnoses considered, and, 4) 

prognostic characteristics (e.g., staging) where 

applicable. 

Therapeutic Focus and Assessment. Describe: 1) the 

type(s) of intervention (e.g., preventive, 

pharmacologic, surgical, lifestyle, self-care) and 2) the 
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administration and intensity of the intervention (e.g., 

dosage, strength, duration, frequency. 

Follow-up and Outcomes. Describe the clinical course 

of this case including all follow-up visits as well as 1) 

intervention modification, interruption, or 

discontinuation, and the reasons; 2) adherence to the 

intervention and how this was assessed; and 3) adverse 

effects or unanticipated events. In addition, describe: 

1) patient-reported outcomes, 2) clinician-assessed and 

‐reported outcomes, and 3) important positive and 

negative test results. 

Discussion. Please describe: 1) the strengths and 

limitations of this case report including case 

management, 2) the literature relevant to this case 

report (the scientific and clinical context), 3) the 

rationale for your conclusions (e.g., potential causal 

links and generalizability), and 4) the main findings of 

this case report: What are the take-away messages? 

Patient Perspective. The patient should share his or 

her experience pr perspective of the care in a narrative 

that accompanies the case report whenever 

appropriate. 

Informed Consent. Did the patient or their custodian 

give the author of this case report informed consent? 

Provide if requested . 

Case Report Submission Requirements: 1) Competing 

interests, are there any competing interests?, 2) Ethics 

Approval, Did an ethics committee or institutional 

review board review give approval? If yes, please 

provide if requested, 3) De‐Identification, Has all 

patient's related data been de-indentified? 

RANDOMIZED CLINICAL TRIALS WRITING 

TEMPLATE 

In this particular type of original study, individuals are 

randomly allocated to receive or not receive a 

preventive, therapeutic, or diagnostic intervention and 

then followed up to determine the effect of the 

intervention. All randomized clinical trials should 

include a flow diagram and authors should provide a 

completed randomized trial checklist (see CONSORT 

Flow Diagram and Checklist; http://www.consort-

statement.org) and a trial protocol.  

Authors of randomized controlled trials are 

encouraged to submit trial protocols along with their 

manuscripts.  

All clinical trials must be registered (before 

recruitment of the first participant) at an appropriate 

online public that must be independent of for-profit 

interest (http://www.clinicaltrials.gov; 

http://www.anzctr.org.au; http://www.umin.ac.jp/ctr; 

http://isrctn.org; 

http://www.trialregister.nl/trialreg/index.asp).  

Each manuscript should clearly state an objective or 

hypothesis; the design and methods (including the 

study setting and dates, patients or participants with 

inclusion and exclusion criteria, or data sources, and 

how these were selected for the study); the essential 

features of any interventions; the main outcome 

measures; the main results of the study; a comment 

section placing the results in context with the 

published literature and addressing study limitations; 

and the conclusions.  

Data included in research reports must be original. A 

structured abstract not exceeding 300 words is 

required. Clinical trials are limited to 2700 words (not 

including abstract, tables, figures, and references), 40 

references, and no more than 5 tables and figures.  

REVIEW, MINIREVIEW AND META-

ANALYSIS PAPERS  

These papers will not have empirical data acquired by 

the authors but will include historical perspectives, 

analysis and discussion of papers published and data 

acquired in a specific area. 

Systematic reviews and meta-analyses are a particular 

type of original articles that perform systematic, 

critical assessment of literature and data sources 

pertaining to clinical topics, emphasizing factors such 

as cause, diagnosis, prognosis, therapy, or prevention. 

All articles or data sources should be searched for and 

selected systematically for inclusion and critically 

evaluated, and the search and selection process should 

be described in detail in the manuscript. The specific 

type of study or analysis, population, intervention, 

exposure, and tests or outcomes should be described 

for each article or data source. A structured abstract of 

less than 300 words is required. The text is limited to 

3500 words (not including abstract, tables, figures, and 

references); about 4 tables (a flow diagram that depicts 

search and selection processes as well as evidence 

tables should be included) - and no reference limit. 

Minireview is a brief historical perspective, or 

summaries of developments in fast-moving areas 

covered within the scope of the journal. They must be 

based on published articles; they are not outlets for 

unpublished data. They may address any subject 

within the scope of the journal. The goal of the 

minireview is to provide a concise very up-to-date 

summary of a particular field in a manner 

understandable to all readers. 

 

 

http://www.trialregister.nl/trialreg/index.asp
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SHORT COMMUNICATION AND SHORT 

RESEARCH ARTICLE 

Short Communications are urgent communications of 

important preliminary results that are very original, of 

high interest and likely to have a significant impact on 

the subject area of the journal. A Short 

Communication needs only to demonstrate a ‘proof of 

principle’. Authors are encouraged to submit an 

Original Research Paper to the journal following their 

Short Communication. There is no strict page limit for 

a Short Communication; however, a length of 2500-

3500 words, plus 2-3 figures and/or tables, and 15-20 

key references is advisable. Short Research Article 

may be smaller single-result findings as a brief 

summary that include enough information, particularly 

in the methods and results sections, that a reader could 

understand what was done. 

POLICY PAPER 

The purpose of the policy paper is to provide a 

comprehensive and persuasive argument justifying the 

policy recommendations presented in the paper, and 

therefore to act as a decision-making tool and a call to 

action for the target audience. 

COMMENTARIES/OPINION ARTICLES 

An opinion-based article on a topical issue of broad 

interest, which is intended to engender discussion. 

STUDY PROTOCOLS AND PRE-

PROTOCOLS 

AUMJ welcomes publishing protocols for any study 

design, including observational studies and systematic 

reviews. All protocols for randomized clinical trials 

must be registered and follow the CONSORT 

guidelines; ethical approval for the study must have 

been already granted. Study pre-protocols (i.e., 

discussing provisional study designs) may also be 

submitted and will be clearly labeled as such when 

published. Study protocols for pilot and feasibility 

studies may also be considered. 

METHOD ARTICLES 

These articles describe a new experimental or 

computational method, test or procedure, and should 

have been well tested. This includes new study 

methods, substantive modifications to existing 

methods or innovative applications of existing 

methods to new models or scientific questions. We 

also welcome new technical tools that facilitate the 

design or performance of experiments or operations 

and data analysis such as software and laboratory and 

surgical devices, or of new technologies to assist 

medical diagnosis and treatment such as drug delivery 

devices. 

Maximum length of submissions 

Full length original research articles should not 

exceed 5000 words (maximum 40 references), and up 

to 6 tables and/or figures.  

Short communications comprising up to 1800 words of 

text, maximum 15 references, and two illustrative 

items (Tables and/or Figures). 

Letters and Case Reports (provide novel insight into 

disease mechanisms, diagnostic and management 

applications). Clinical Laboratory Notes (technical 

evaluation or important insight into analytical 

methodology), or Letters to the Editor (focused on a 

specific article that has appeared in Aljouf Medical 

Journal within 4 weeks of print issue date of article). 

For all 3 types of letters listed above, the text should 

not exceed 600 words, with no abstract, a maximum of 

1 table or figure and up to 5 references.  

Review Articles, Surveys, Essays, and Special Reports 

may exceed the word and reference limit for Full-

length articles as per the comprehensive nature of 

these articles. However, both of these articles 

(Reviews and Special Reports) will still require an 

abstract (unstructured, 250 word maximum).  

Editorials, Meeting summary, Commentaries, Book 

review and Opinion pieces will not require an abstract 

and will be limited to 2000 words and up to 20 

references. A book review is a brief critical and 

unbiased evaluation of a current book determined to be 

of interest to the journal audience. Publication of a 

submitted book review is at the discretion of the 

editor. 

Artwork 

General points 

Make sure you use uniform lettering and sizing of your 

original artwork. Preferred fonts: Arial (or Helvetica), 

Times New Roman (or Times), Symbol, Courier. 

Number the illustrations according to their sequence in 

the text. Use a logical naming convention for your 

artwork files. Indicate per figure if it is a single, 1.5 or 

2-column fitting image. For Word submissions only, 

you may still provide figures and their captions, and 

tables within a single file at the revision stage.  

Formats 

Regardless of the application used, when your 

electronic artwork is finalized, please 'save as' or 

convert the images to one of the following formats 

(note the resolution requirements for line drawings, 

halftones, and line/halftone combinations given 

below). Please do not supply files that are optimized 

for screen use (e.g., GIF, BMP, PICT, WPG); the 

resolution is too low, supply files that are too low in 
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resolution, and, submit graphics that are 

disproportionately large for the content. 

 EPS (or PDF): Vector drawings. Embed the font 

or save the text as 'graphics'. 

 TIFF (or JPG): Color or grayscale photographs 

(halftones): always use a minimum of 300 dpi. 

 TIFF (or JPG): Bitmapped line drawings: use a 

minimum of 1000 dpi. 

 TIFF (or JPG): Combinations bitmapped 

line/half-tone (color or grayscale): a minimum of 

500 dpi is required. 

Color artwork 

Please make sure that artwork files are in an 

acceptable format (TIFF (or JPEG), EPS (or PDF), or 

MS Office files) and with the correct resolution. If, 

together with your accepted article, you submit usable 

color figures the Journal will ensure that these figures 

will appear in color on the Web regardless of whether 

or not these illustrations are reproduced in color in the 

printed version. Because of technical complications 

which can arise by converting color figures to 'gray 

scale' please submit in addition usable black and white 

versions of all the color illustrations. 

Figure captions 

Ensure that each illustration has a caption (Legend). A 

caption should comprise a brief title below the figure 

that describes its content and not to be general. Keep 

text in the illustrations themselves to a minimum but 

explain all symbols and abbreviations used in the 

legend. Figure caption should stand for itself (self-

explanatory) without the need for consulting the text.   

Tables 

Number tables consecutively in accordance with their 

appearance in the text. Place footnotes to tables below 

the table body and indicate them with superscript 

lowercase letters within the table. If necessary, such 

footnotes could be placed at the end of the table title. 

Avoid vertical rules. Be sparing in the use of tables 

and ensure that the data presented in tables do not 

duplicate results described elsewhere in the article 

(Figures or text). The table caption (Title) should be 

brief but describes its content and not to be general. 

Explain all symbols and abbreviations used in the table 

in the footnote. Table title should stand for itself (self-

explanatory) without the need for consulting the text. 

The table structure should be scientifically organized 

(columns and rows) and its message should be easily 

comprehendible.   

The Editor-in-Chief, on accepting a manuscript, may 

recommend that additional tables and/or graphs 

containing important backup data, too extensive to be 

published in the article, may be published as 

supplementary material. In that event, an appropriate 

statement will be added to the text. However, the 

author should submit such material for consideration 

with the manuscript. 

References 

References cited should be relevant, up-to-date and 

adequately cover the field without ignoring any 

supportive or conflicting publications. Please ensure 

that every reference cited in the text is also present in 

the reference list (and vice versa). If present, 

unpublished results and personal communications may 

be mentioned in the text and not in the reference list. 

Citation of a reference as 'in press' implies that the 

item has been accepted for publication, and shows up 

on PubMed literature search or a copy of the title page 

of the relevant article must be submitted. DOI of the 

references - whenever applicable should be presented.   

Reference management software 

This journal has standard templates available in key 

reference management packages EndNote 

(http://www.endnote.com/support/enstyles.asp) and 

Reference Manager 

(http://refman.com/support/rmstyles.asp). Using plug-

ins to word processing packages, authors only need to 

select the appropriate journal template when preparing 

their article and the list of references and citations to 

these will be formatted according to the journal style, 

which is described below. 

Reference formatting 

There are no strict requirements on reference 

formatting at submission but should be consistent, 

complete and up-to-date. Where applicable, author(s) 

name(s), chapter title/article title, journal title/book 

title, year of publication, volume number-issue 

number/book chapter and the pagination must be 

present. For the book reference, the edition number, 

editors (if they are not the authors), publisher and its 

main address (City and Country) should be added as 

described below in the example. The reference style 

used by the journal should be applied to the accepted 

article at the proof stage. Note that missing data will 

be highlighted at proof stage for the author to correct. 

Use peer-reviewed references only except for national 

and international organizational reporting and 

registers. If you do wish to format the references 

yourself they should be arranged according to the 

following examples:  

Reference style 

Indicate references by number(s) in curved brackets as 

a bolded superscript at the end of the cited text(s) 

before the full stop, e.g., ………. shorter hospital stay 

and lower cost
(20)

. The actual authors can be referred 
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to, but the reference number(s) must always be given. 

Number the references in the list in the order in which 

they appear in the text. The authors list should not be 

shortened, all authors’ names should be mentioned. 

For further details you are referred to 'Uniform 

Requirements for Manuscripts submitted to 

Biomedical Journals' (J Am Med Assoc 1997; 277: 

927-34) (see also 

http://www.nlm.nih.gov/bsd/uniform_requirements.ht

ml).  

Examples: 

Reference to a journal publication: Format your 

journal publications according to the following 

examples depending on whether; 1) It is already 

published with specific page numbers, 2 and 3) It is 

already published with article ID number and pages 

from 1 to …, or 4) It is published put ahead of print. 

 Van der Geer J, Hanraads JAJ, Lupton RA. The 

art of writing a scientific article. J. Sci. Commun., 

2010;163(1):51-9. 

 Leta S, Dao TH, Mesele F, Alemayehu G. 

Visceral Leishmaniasis in Ethiopia: An Evolving 

Disease. PLoS Negl Trop Dis., 2014; 

8(9):e3131;1-7. 

 Arjmand MH, Ahmad Shah F, Saleh Moghadam 

M, Tara F, Jalili A, Mosavi Bazaz M, Hamidi 

Alamdari D. Prooxidant-antioxidant balance in 

umbilical cord blood of infants with meconium 

stained of amniotic fluid. Biochem Res Int., 

2013;2013:ID270545;1-4. 

 Teferra RA, Grant BJ, Mindel JW, Siddiqi TA, 

Iftikhar IH, Ajaz F, Aliling JP, Khan MS, 

Hoffmann SP, Magalang UJ. Cost minimization 

using an artificial neural network sleep apnea 

prediction tool for sleep studies. Ann Am Thorac 

Soc., 2014 Jul 28 (Epub ahead of print). 

Reference to a book: 

Strunk Jr W, White EB (Editors). The elements of 

style, 4
th

 Edition, Longman, New York; 2000, pp. 210-

9. 

Reference to a chapter in an edited book: 

Mettam GR, Adams LB. How to prepare an electronic 

version of your article. In: Jones BS, Smith RZ 

(Editors), Introduction to the electronic age, 1
st
 

Edition, E-Publishing Inc., New York, 2009, Chapter 

2: pp. 281-304. 

Journal abbreviations source 

Journal names should be abbreviated according to the 

List of Title Word Abbreviations: 

http://www.issn.org/services/online-services/access-to-

the-ltwa/. 

Abbreviations and units 

Standard abbreviations as listed in the Council of 

Biology Editors Style Manual may be used without 

definition. Use non-standard abbreviations sparingly, 

preceding their first use in the text with the 

corresponding full designation. Use units in 

conformity with the standard International System (SI) 

of units. 

Video data 

The journal accepts video material and animation 

sequences to support and enhance your scientific 

research. Authors who have video or animation files 

that they wish to submit with their article are strongly 

encouraged to include links to these within the body of 

the article. This can be done in the same way as a 

figure or table by referring to the video or animation 

content and noting in the body text where it should be 

placed. All submitted files should be properly labeled 

so that they directly relate to the video file's content. In 

order to ensure that your video or animation material is 

directly usable, please provide the files in one of our 

recommended file formats with a preferred maximum 

size of 50 MB. Video and animation files supplied will 

be published online in the electronic version of your 

article. Since video and animation cannot be 

embedded in the print version of the journal, please 

provide text for both the electronic and the print 

version for the portions of the article that refer to this 

content. 

AudioSlides 

AUMJ encourages authors to create an AudioSlides 

presentation with their published article as 

supplementary material. This gives authors the 

opportunity to summarize their research in their own 

words and to help readers understand what the paper is 

about. Authors of this journal will automatically 

receive an invitation e-mail to create an AudioSlides 

presentation after acceptance of their paper. 

Supplementary data 

AUMJ accepts electronic supplementary material to 

support and enhance your scientific research. 

Supplementary files offer the author additional 

possibilities to publish supporting applications, high-

resolution images, background datasets, sound clips 

and more. Supplementary files supplied will be 

published online alongside the electronic version of 

your article. In order to ensure that your submitted 

material is directly usable, please provide the data in 

one of our recommended file formats. Authors should 

submit the material in electronic format together with 

the article and supply a concise and descriptive caption 

for each file.  

http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.nlm.nih.gov/bsd/uniform_requirements.html
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Supplementary material captions 

Each supplementary material file should have a short 

caption which will be placed at the bottom of the 

article, where it can assist the reader and also be used 

by search engines. 

THE COPYRIGHTS 

The copyrights of all papers published in this journal 

are retained by the respective authors as per the 

'Creative Commons Attribution License' 

(http://creativecommons.org/licenses/by/3.0/). The 

author(s) should be the sole author(s) of the article and 

should have full authority to enter into agreement and 

in granting rights to the journal, which are not in 

breach of any other obligation. The author(s) should 

ensure the integrity of the paper and related works. 

Authors should mandatorily ensure that submission of 

manuscript to AUMJ would result into no breach of 

contract or of confidence or of commitment given to 

secrecy. 

Submission checklist 

The following list will be useful during the final 

checking of an article prior to sending it to the journal 

for review. Please consult this Guide for Authors for 

further details of any item. 

To avoid unnecessary errors you are strongly advised 

to use the 'spell-check' and 'grammar-check' functions 

of your word processor. 

Ensure that the following items are present: 

One author has been designated as the corresponding 

author with contact details for all authors: 

• E-mail address. 

• Full postal address. 

• Telephone. 

All necessary files have been uploaded, and contain: 

• Keywords. 

• All figures and their captions. 

• All tables (including title, description, footnotes). 

Further considerations 

• Manuscript has been 'spell-checked' and 

'grammar-checked'. 

• All references mentioned in the Reference list are 

cited in the text, and vice versa. 

• Permission has been obtained for use of 

copyrighted material from other sources 

(including the Web).  

• Color figures are clearly marked as being 

intended for color reproduction on and in print, 

or to be reproduced in color electronically and in 

black-and-white in print. 

 

PEER REVIEW PROCESS 

High quality manuscripts are peer-reviewed by 

minimum of two peers of the same field along with a 

biostatician in the case the study requires. Pre-

reviewing advice and help will be provided by the 

Editor-In-Chief on first submission for initial 

improvements to meeting the minimum criteria of 

peer-reviewing. The journal follows strict double blind 

fold constructive review policy to ensure neutral 

evaluation. During this review process identity of both 

the authors and reviewers are kept hidden to ensure 

unbiased evaluation. A cycle of one-month reviewing 

process is the target of the journal from submission to 

final acceptance. For meeting this goal, the Editor-In-

Chief is expecting strict compliance from author 

hastening corrections and replying editorial requests. 

Continuous post-publication open peer reviewing is 

highly encouraged through submitting comments to 

the Editor on any of the published article that will 

show up with author reply in the subsequent issue to 

the journal.  

The reviewers’ comments are sent to authors once 

received. With the help of the reviewers’ comments, 

FINAL decision (accepted or accepted with minor 

revision or accepted with major revision or rejected) 

will be sent to the corresponding author. Reviewers are 

asked if they would like to review a revised version of 

the manuscript. The editorial office may request a re-

review regardless of a reviewer's response in order to 

ensure a thorough and fair evaluation. 

In order to maintain this journal’s mission of one-

month publication cycle, authors are encouraged to 

submit the revised manuscript within one week of 

receipt of reviewer’s comment (in case of minor 

corrections). However, revised manuscript submission 

should not go beyond 2 weeks (only for the cases of 

major revision which involves additional experiment, 

analysis etc.). Along with corrected manuscript 

authors will be requested to submit filled a point-by-

point answers to the reviewers' comments and any 

rebuttal to any point raised. The Editor-In-Chief of the 

journal will have exclusive power to take final 

decision for acceptance or rejection during any 

dispute. 

Under special circumstance, if the review process 

takes more time, author(s) will be informed 

accordingly. The editorial board or referees may re-

review manuscripts that are accepted pending revision. 

Manuscripts with latest and significant findings will be 

handled with the highest priority so that it could be 

published within a very short time. The journal is 

determined to promote integrity in research 

publication. In case of any suspected misconduct, the 
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journal management reserves the right to re-review 

any manuscript at any stages before final publication. 

Our massage to AUMJ potential reviewers says 

“Although the Manuscript General Evaluation Form is 

attached, we like to instigate a policy of constructive 

reviewing and to do our best to make the submitted 

manuscripts publishable - provided that it is genuine 

and contain no major frauds of republication, duplicate 

use of self data or plagiarism of intellectual properties 

of the others. Please, make your changes and insert 

your corrections, comments and suggestions directly 

into the manuscript text but in a different color. Please 

also make sure that the author(s) presented an 

inclusive and updated list of genuine references, 

applied proper statistics and extracted justified 

conclusions”. 

Manuscript General Revision Form 

The Manuscript Assigned Number and Title: …….. 

The Manuscript Evaluation Score: Please, score the 

manuscript from 0 to 4 (highest) for each of the 

following items, and write the score in the 

corresponding box:  

Items                             Scores 0 1 2 3 4 
Item 

Score 

The Study is a Priority 

Problem 
      

Originality       

Significance of the Work       

Research Design        

Quality and Clarity of the 

Writing 
      

Standard and Reproducible 

Methodology 
      

Results Presentation and 

Appropriate Statistics 
      

Relevant Discussion and 

Justified Conclusions 
      

Tables/ Illustrations/ Figures       

References: Inclusive and 

Updated 
      

Total score   

The Decision: Should AUMJ publish the 

manuscript? Please, check the appropriate box. 

Yes, without any revision:  Accepted  

Yes, with minor revision 

and alterations:  

Accepted with 

revision 
 

Yes, with major revision 

and alterations: 

Re-Evaluation after 

substantial revision 
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Abstract 

Background: Acute appendicitis (AA) is the most common reason for emergency abdominal surgery. 

Appendectomy remains the only curative treatment of appendicitis. A negative appendectomy rate of 9 - 20% has 

been reported in literature and conventionally been accepted to minimize the incidence of perforation and 

peritonitis associated with a delay in treatment. The surgeon's goals are to evaluate and to minimize the negative 

appendectomy rate without increasing the incidence of perforation. The development of assays for new 

inflammatory markers has contributed to a greater understanding of the pathophysiology of the disease spectrum 

of right iliac fossa pain and AA. Methodology: Peer-reviewed publications investigating the role of 

inflammatory markers in appendicitis dating back to 1947
(1) 

up to this review submission date were reviewed to 

compile this updating review. Results: Leukocyte count and C-reactive protein along with raised ESR are the 

frequently used inflammatory markers for diagnosis of AA. Scoring techniques and imaging techniques have 

only slightly decreased the percentage of negative appendectomies. This has generated a continued interest 

among the investigators and authors to focus on inflammatory process and search for better inflammatory 

markers in AA. Conclusion: In this review we have summarized the most important of the inflammatory markers 

and discussed their applications in the diagnosis and staging of AA in the modern scenario. Kadi S, Raghuveer 

CV, Shivanand ND, Manjunath S. Diagnostic Utility of Inflammatory Markers in Acute Appendicitis: An 

updating review. AUMJ, 2015 January 1; 2(1): 1 - 10.   

Keywords:  Acute appendicitis, Inflammatory markers, C-reactive protein, Interleukin-6, Hyperbilirubinemia, 

Procalcitonin, Prostaglandin E2, Cyclooxygenase, Lipopolysaccharide binding protein, Interleukin-6 single 

nucleotide polymorphism, Serum amyloid A. 

Introduction 

Diagnosis of Acute appendicitis (AA) is based on 

patient history, symptoms and physical examination 

backed by elevated ESR, white blood cell count 

(WBCC) and C-reactive protein (CRP). A number of 

clinical and laboratory-based scoring systems like, 

Alvarado score, Tzanakis score, etc. have been devised 

to assist the diagnosis. Atypical histories require 

imaging with ultrasound and/or CT scanning. 

However, availability, cost, performance time and 

irradiation risks limit the use of imaging techniques. 

Increased ESR in inflammation can be explained by 

elevated fibrinogen and acute phase proteins. 

Abnormal rise in WBCC is a crude indicator of 

inflammation because leucocytosis is a non-specific 

reaction. This is reflected in numerous reports by an 

acceptable sensitivity (79-93 %) but low specificity for 

AA
(2)

. Apart from WBCC, CRP and ESR, a number of 

newer markers have been investigated in the last few 

years. In this review we have summarized the most 

important of these markers and discussed their 

applications in the diagnosis and staging of AA in the 

modern scenario. 

Methodology  

We reviewed the literature published on the 

inflammatory markers in AA, identified the important 

markers such as CRP, interleukin-6, bilirubin, 

procalcitonin, prostaglandin E2, cyclooxygenase, 

lipopolysaccharide binding protein, interleukin-6 

single nucleotide polymorphism (SNP), serum 

amyloid A etc. and summarized them in chronological 

order. 

Results 

C-reactive protein (CRP) 

It is a non-specific acute phase reactant and mainly 

stimulates cell-mediated immunity and chemotaxis in 

inflammation. After 6 to 12 hours of inflammation its 

concentration begins to rise and may increase a 
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hundred-fold.  In a pediatric study, Peltola et al
(3)

 

found that the predictive value of combined CRP and 

high WBCC was high. They regarded a negative CRP 

test as more informative to exclude AA than a positive 

one. In patients whose symptoms last less than 24 

hours, WBCC has high sensitivity while in those in 

whom they last more than 24 hours CRP has high 

sensitivity
(4)

. Based on the fact that leukocyte response 

is reduced in children below five years of age it was 

shown that, performance of WBCC was better than 

CRP in diagnosis of AA in every age group of children 

except infants
(5)

. Asfar et al
(6)

 recommended deferring 

emergency appendectomy in patients with normal pre-

operative CRP to reduce the rate of unnecessary 

appendectomies. Several studies have demonstrated 

sensitivity of 40 - 94% and specificity of 38 - 87% for 

CRP measurement
(7,8,9)

. Gronroos
(10)

 concluded that 

normal inflammatory markers reliably exclude 

appendicitis in adults but not in children. In a study by 

Lycopoulou et al
(11)

 sensitivity of elevated WBCC was 

76%, and of elevated CRP only 62%, in 260 children 

with histologically confirmed appendicitis. Hallan and 

Asberg
(12)

 reviewed 22 eligible articles on accuracy of 

CRP in patients with suspected appendicitis. 

Sensitivity and specificity varied from 40 - 99% and 

27 - 90%, respectively. This was largely due to use of 

different cut-off values for positive test from 5 - 25 

mg/L. They concluded that CRP is a test of medium 

accuracy and it was not possible to draw firm 

conclusion on its usefulness. A meta-analysis by 

Andersson
(13)

 incorporating 24 studies concluded that 

inflammatory markers themselves are weak 

discriminators for appendicitis unless combined with 

clinical findings. However, Sengupta et al 
(14)

 reviewed 

98 patients presenting with lower abdominal pain and 

demonstrated a negative predictive value and 

sensitivity of 100% when CRP and WBCC are 

combined. They concluded that patients with a normal 

WBCC (≤11×10
9
/L) and CRP(≤10 mg/L), are unlikely 

to have appendicitis and can be safely sent home. A 

paper by Vaughan-Shaw et al
(15)

 demonstrates that 

contrary to the findings of Sengupta et al
(14)

, patients 

with normal inflammatory markers can still have 

appendicitis. They have shown that CRP, WBCC and 

neutrophil count (NC) are statistically associated with 

appendicitis and that CRP(>35.5 mg/L) and raised NC 

predict complicated appendicitis. So WBCC and CRP 

are poorly reliable in confirming the presence of AA 

because of their low specificity both in adults and 

children
(5,10,16,17)

. CRP levels increase in AA in relation 

with the severity of infection
(16,18)

. Kaya et al
(19)

 found 

a sensitivity of CRP measuring 72% and the 

specificity 75%, and that CRP levels were 

significantly higher in perforated appendicitis than 

non-perforated cases. A high-sensitivity-CRP(hs-CRP) 

recorded higher levels in mild inflammation (10 - 40 

mg/L), active inflammation, and bacterial infection (40 

- 200 mg/L), severe bacterial infections (>200 mg/L), 

while the normal concentration in healthy human 

serum being lower than 10 mg/L
(20)

. Wu et al
(21)

 

showed that hs-CRP exhibits a positive correlation 

with High mobility group box 1 protein (HMGB1)  in 

AA as well as with the severity of AA and, therefore, 

when determined in combination can be a useful 

marker for the evaluation and confirmation of the 

severity of the disease before appendectomy.  

Cytokines 

Cells of the immune system communicate with one 

another by responding to chemical messengers called 

cytokines. Many cytokines that show diagnostic help 

in AA are discussed here.  

1. Interleukin (IL)-6: A key function of IL-6 is 

mediation of acute phase response. IL-6 activates 

endothelial cells and induces chemokine production 

and adhesion molecule expression, leading to 

recruitment of leukocytes to sites of inflammation. IL-

6 production contributes to local thrombosis causing 

perforation and gangrene. IL-6 can be detected in 

patients with suspected AA, and highest 

concentrations are found in patients with 

perforation
(4,22,23)

. Comparing with patients of a normal 

control group, cytokine levels of IL-1β, IL-2, IL-6, IL-

8, and IL-10 were elevated in patients with AA
(24)

. It 

was concluded that in adult patients IL-6 concentration 

does not increase the diagnostic accuracy of AA, 

tested either once or repeated
(4,23)

. Gurleyik et al
(23)

 

found that serum IL-6 concentration was falsely 

negative in many patients with histologically 

confirmed AA. But it has been shown that 

preoperative high increases in IL-6 concentrations 

clearly correlated with perforation and poor 

postoperative conditions in adults
(22-24)

. Some findings 

have shown there is no correlation between IL-6 

concentrations and severity of appendiceal 

inflammation
(25)

. Panjaanen et al
(26)

 investigated the 

diagnostic potential of IL-6, IL-8, soluble adhesion 

molecule CD44, CRP, and WBCC to predict AA. IL-6 

was elevated preoperatively only in gangrenous and 

perforated AA. The sensitivity (84%), specificity 

(79%) and diagnostic accuracy (82%) of IL-6 were 

higher than values of other markers. ROC analysis 

confirmed that IL-6 showed the best trend in the 

diagnosis of AA. In a study by Sack et al
(27)

, WBCC, 

CRP and IL-6 correlated significantly with severity of 

appendiceal inflammation. Identification of children 

with severe appendicitis was supported by IL-6 or 

CRP but not WBCC. Between IL-6 and CRP, there 

were no significant differences in diagnostic use. 

http://en.wikipedia.org/wiki/Inflammation
http://en.wikipedia.org/wiki/Bacterial_infections
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Nevertheless, differences in ROC curves showed that 

high CRP every time indicates necessity for immediate 

surgery. In contrast, low IL-6 reliably excludes an 

acute process requiring surgical intervention. Yildirim 

et al
(28)

 showed that elevated WBCC, IL-6 and CRP 

help in confirming a potential diagnosis of AA.  

2. Interleukin-8 (IL-8): It induces chemotaxis in target 

cells, primarily neutrophils, causing them to migrate 

towards the site of infection. At high concentrations, it 

activates neutrophils to degranulate their intracellular 

stores, thereby promoting the inflammatory reaction. 

Zeillemaker et al
(29)

 found that peritoneal fluid IL-8 

levels varied significantly between patients with non-

perforated and perforated AA. In an in vitro model for 

bacterial peritonitis, They showed that various species 

of pathogenic bacteria can stimulate cultured human 

mesothelium to secrete high levels of IL-8, suggesting 

that these cells are the main source of IL-8 production 

in AA. Similar results were reported by Rivera-Chavez 

et al
(30)

. Yoon et al
(24)

 recently found that preoperative 

serum levels of IL-6 and IL-8 were higher in patients 

with perforated vs. non-perforated appendicitis. They 

speculated that serum levels of these cytokines might 

correlate with degree of inflammation and help to 

differentiate disease severity. In contrast, Dalal et al 
(31)

 were able to show significant differences only in 

peritoneal fluid of patients with AA.  

3. Interleukin-10 (IL-10): Its main function is to inhibit 

synthesis of some cytokines, including interferon-

gamma, IL-2, IL-3, tumor necrosis factor and 

granulocyte colony stimulating factor, thus 

maintaining homeostatic control of innate and cell-

mediated immune reactions. Yoon et al 
(24)

 reported 

that plasma levels of IL-10, IL-2 and IL-1b were not 

significantly different between perforated and non-

perforated appendicitis. In contrast, Rivera-Chavez et 

al
(30)

 found high levels of IL-10, IL-6, IL-1 receptor 

antagonist, and IL-4, in the plasma and peritoneal 

fluids of patients with pathologically proven 

appendicitis. Patients with perforated appendicitis had 

higher plasma levels of IL-6 and IL-10 and lower 

plasma levels of IL-12 and interferon (IFN)-γ. They 

concluded that localized infection like appendicitis 

induces a systemic response, predominantly anti-

inflammatory. Dalal et al
(31)

 found high levels of IL-10 

only in peritoneal fluid of patients with AA. Yildirim 

et al
(28)

 stated that normal levels of IL-10 might help to 

rule out AA.  

4. Granulocyte colony stimulating factor (G-CSF): It 

acts on bone marrow to increase the production and 

mobilization of neutrophils to replace those consumed 

in inflammatory reactions. Cluitmans et al
(32)

 reported 

that G-CSF gene expression was detected and plasma 

G-CSF levels were significantly elevated in inflamed 

but not in normal appendixes. They concluded that G-

CSF is produced at the inflammatory site and 

transported to bone marrow via the blood stream to 

stimulate granulopoiesis. G-CSF acts in an endocrine 

fashion. Dalal et al
(31)

 found no difference in serum 

levels of G-CSF between patients with and without 

appendicitis. However, G-CSF levels were 

significantly elevated in peritoneal fluid of patients 

with perforated as compared with non-perforated 

appendicitis. They speculated that this discrepancy is a 

result of sample timing or of magnitude of the 

inflammatory response. Allister et al
(33)

 showed that G-

CSF serum levels can distinguish between patients 

with AA and controls, and is a useful adjunctive test in 

the diagnosis and staging of AA.  

5. Interferon-γ (IFN-γ):  It is the only member of type-

II class interferons. It is an activator of macrophages in 

both innate and adaptive cell-mediated immune 

responses. Dalal et al
(31)

 found lower IFN-γ 

concentrations in the peritoneal aspirates of patients 

with perforated vs. non-perforated appendicitis.  

6. Soluble intercellular adhesion molecule-1 (sICAM-

1): Up-regulation in synthesis of adhesion molecules, 

such as sICAM-1 is another crucial step in the process 

of recruitment of neutrophils to areas of infection. 

Levels of sICAM-1 were found elevated in some 

inflammatory processes 
(34,35)

. Dalal et al
(31)

 did not 

find any change in sICAM-1 levels in both peritoneal 

fluid and serum.  

7. Matrix metalloproteinases (MMPs) and Tissue 

inhibitors of metalloproteinases (TIMPs): Animal 

models have suggested that degranulation of 

neutrophils is the primary source of MMP-9 
(34)

. 

MMP-9 is shown to facilitate leukocyte extravasation 

and permeation of serum proteins into surrounding 

tissues. TIMP-1 is secreted as heterodimeric 

complexes with MMP-9 and modulates its proteolytic 

activity. Gattorno et al
(36)

 hypothesized that these 

proteases represent a crucial event for development 

and perpetuation of tissue damage. Dalal et al
(31)

 found 

significantly high levels of MMP-9 (4 fold) and TIMP-

1 (15 fold) in the peritoneal fluid but not in the serum 

of patients with AA as compared with patients with 

histologically normal appendixes. Only patients with 

perforated appendicitis had high serum levels of 

TIMP-1 as compared with patients with non-perforated 

appendicitis, suggesting that TIMP-1 leaks to the 

systemic compartment only in progressive 

inflammatory response. The degree of inflammation 

observed in serum reflects the severity of local 

inflammatory response.  
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8. Tumour necrosis factor alpha (TNF-α): It is an 

adipokine and stimulates acute phase reaction. The 

primary role of TNF is regulation of immune cells. 

Wang et al
(37)

 demonstrated TNF-α and IL-2 

messenger RNA expression in germinal centers, 

submucosa, and lamina propria layer in a subset of 

histologically classified normal appendices (HCNAs) 

from patients with clinical diagnosis of AA. Sack et 

al
(27)

 showed that WBCC, CRP, and IL-6 are helpful to 

support the diagnosis of phlegmonous and perforated 

appendicitis in childhood. However, ESR, TNF-α, and 

α1-glycoprotein showed a poor or satisfactory 

correlation to the type of appendiceal inflammation. 

Türkyilmaz et al
(38)

 stated that TNF-α was not of 

diagnostic help in AA. Huang et al
(39)

 concluded that 

TNF-α and IL-6 can provide complementary 

information to assist the decision of emergency 

operation for children with AA.  

9. High mobility group box 1 protein (HMGB1): 

HMGB1 is a cytokine that can be released by activated 

monocytes, macrophages, neutrophils and platelets, 

and mediates inflammation and enhanced cell motility. 

The significantly higher levels of HMGB1 in AA 

patients compared to healthy persons infer that 

HMGB1 might be useful in diagnosis of AA
(40)

. Wu et 

al
(21)

 evaluated mRNA and protein expression level of 

HMGB1 as well as serum hs-CRP in 150 AA patients 

who underwent appendectomy. These patients were 

divided into acute simple, acute suppurative and acute 

gangrenous groups containing 50 sex and age matched 

cases and compared with 50 healthy volunteers. They 

found that the average HMGB1 protein and hs-CRP 

levels in all three groups of AA were significantly 

higher than that of healthy volunteers. Also there was 

positive correlation between serum HMGB1 and hs-

CRP and showed differential pathological severity. 

Their study concluded that HMGB1 protein is a novel 

presurgical diagnostic inflammatory marker reflecting 

the severity of AA. 

Serum total Bilirubin (STB) 

Elevated STB level could be used as a specific marker 

to diagnose perforated appendicitis 
(41,42)

. Following 

appendicitis, inflammatory mediators like TNF-α, IL-

6, etc. reach liver via superior mesenteric vein and 

induced liver inflammation. These cytokines also alter 

hepatic blood flow and normal physiological flow of 

bile causing hyperbilirubinemia. A study conducted by 

Khan 
(43)

 found elevated STB in 87% of cases. The 

mean of elevated STB was 2.26 mg/dL in AA and was 

much higher in patients with gangrenous or perforated 

appendix. Sand et al
(44)

 found that specificity of STB 

was higher (86%) than WBCC (55%) and CRP (35%) 

in diagnosing gangrenous and perforated appendicitis. 

Athan et al
(45)

 found that symptom duration, STB and 

WBCC were significant independent variables for 

identifying acute perforated vs. suppurative 

appendicitis. Kaser et al
(46)

 compared 

hyperbilirubinemia, CRP, WBCC and age as markers 

of perforated appendicitis and concluded that 

hyperbilirubinemia is a statistically significant marker 

of perforated appendicitis. However, CRP was a 

superior marker of perforation than 

hyperbilirubinemia. In a study by Ghimire et al
(47)

, 

there was statistically significant difference between 

gangrenous and non-gangrenous groups in total 

Alvarado’s score, WBCC and STB level. They 

concluded that preoperative assessment of STB should 

be routinely performed in cases of AA. STB level not 

only helps in diagnosis of AA but also serves as an 

important marker of acute gangrenous appendicitis and 

perforation
(48)

.  

Procalcitonin (PCT) 

PCT belongs to calcitonin superfamily of peptides. It 

is found only in the C-cells of the thyroid gland under 

normal metabolic conditions. Assicot et al
(49)

 first 

reported the increased PCT levels in patients with 

bacterial and fungal infections as an inflammatory 

marker. Simon et al
(50)

 did a meta-analysis and stated 

that diagnostic accuracy of PCT markers was higher 

than CRP markers among patients hospitalized for 

suspected bacterial infections. He concluded that PCT 

was specially increased in patients with appendiceal 

perforation and gangrenous appendicitis, but it has a 

very low sensitivity, which prohibits its routine use for 

the diagnosis of AA. Kouame et al
(51)

 has reported 

similar results and stated that PCT had a sensitivity of 

28% in AA. Chakunashvili et al
(52)

 concluded that PCT 

can be used not only as diagnostic marker for AA but 

also as prognostic marker. Kafetzis et al
(53)

 found a 

PCT value of >0.5 ng/mL to be indicative of 

perforation or gangrene with 73.4% sensitivity and 

94.6% specificity, a CRP level of >50 mg/L and a 

WBCC of >10
4
/mm

3
 to be useful diagnostic markers 

for perforation, while abdominal ultrasonography had 

a sensitivity of 82.8% and a specificity of 91.2% for 

detecting appendicitis. They concluded that PCT 

measurement was useful adjunctive tool for 

diagnosing acute necrotizing appendicitis or 

perforation, and surgical exploration will probably be 

required in patients with PCT value >0.5 ng/mL. 

Kisacik et al
(54)

 suggested PCT to be a useful test in 

the differentiation of abdominal familial 

Mediterranean fever attacks from AA. Sand et al
(55)

 

studied the diagnostic value of PCT in AA. Of the 103 

patients who received an appendectomy based on the 

clinical diagnosis of acute appendicitis, 98 had 

appendicitis. PCT levels were higher than normal in 

http://en.wikipedia.org/wiki/Adipokine
http://en.wikipedia.org/wiki/Acute_phase_reaction
http://en.wikipedia.org/wiki/Immune_cells
http://www.ncbi.nlm.nih.gov/pubmed?term=T%C3%BCrkyilmaz%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=17101565
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22931611
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14.3% (14 cases) reaching >10 ng/mL correlating the 

severity of the appendicitis. The calculated PCT 

sensitivity was 14%. A pilot study
(56)

 concluded that, 

in conjunction with clinical symptoms, PCT level and 

WBCC are strong predictors of AA in children. In a 

study by Kaya et al
(19)

, the sensitivity, specificity, and 

diagnostic value of PCT were 24%, 50%, and 26%, 

respectively. These results showed that PCT was not a 

useful marker for the diagnosis of the AA but PCT 

was significantly increased in patients with perforated 

appendicitis. PCT level was statistically higher in 

perforated appendicitis when compared to 

phlegmonous appendicitis. PCT levels are found to be 

lower in AA compared to the other bacterial 

infections. It was also claimed that uncomplicated 

appendicitis does not cause significant bacterial 

translocation
(57)

, which may explain the low levels of 

PCT in uncomplicated, phlegmonous appendicitis. 

Gavela et al
(58)

 suggested that, on admission, CRP and 

PCT predict the outcome of pediatric patients with 

appendicitis. In his study, for a diagnosis of peritonitis, 

a PCT cut-off of 0.18 ng/mL gave a sensitivity of 

97%, specificity of 80%, positive predictive value of 

72%, and negative predictive value of 89.3%. The 

equivalent values for CRP cut-off of 3 mg/dL were 

95%, 74%, 68%, and 96.2%. Therefore, children with 

CRP and/or PCT greater than these cut-off values have 

a greater risk of complications and early intervention 

should be instituted, and patients should be monitored 

closely.  

Prostaglandin E2 (PGE2) 

Prostaglandins (PGs) are synthesized from arachidonic 

acid by the action of cyclooxygenases (COXs). PGE2 

modulates various steps of inflammation in a context-

dependent manner and coordinate the whole process in 

both proinflammatory and antiinflammatory 

directions. This dual role of PGE2 and its receptors in 

modulating the inflammatory response is observed in 

several disorders
(59,60)

. Among the prostaglandins, 

PGE2 is of particular interest in inflammation because 

it is involved in all processes leading to the classic 

signs of inflammation. Hyperalgesia, a classic sign of 

inflammation, is mediated mainly by PGE2 through 

EP1 receptor signaling that acts on peripheral sensory 

neurons at the site of inflammation, and on central 

neuronal sites.
 
In a study by Nemeth et al

(61)
, PGE2, 

cyclooxygenase (COX)-1 and -2, inducible nitric oxide 

synthase, and major histocompatibility complex class-

II antigen were investigated by 

immunofluorohistochemistry using confocal laser 

microscopy in 15 acutely inflamed appendix 

specimens, 39 histologically classified normal 

appendices (HCNAs), and 11 negative control 

specimens. They correlated expression of these 

pathogenetic markers with inflammation in acutely 

inflamed appendices (AIAs) and HCNAs from patients 

with clinical diagnosis of appendicitis. Their study 

showed a consistent profile of inflammatory mediator 

expression in all appendix specimens in patients with 

AIAs and in approximately 50% of HCNAs from 

patients with appendicitis. PGE2 was strongly 

expressed in cytoplasm of all mucosal epithelial cells 

in AIAs. Similar high levels of expression were seen 

in luminal epithelial cells and crypt epithelial cells in 

22 (56%) of the 39 HCNA specimens. Two of 22 

HCNA specimens expressing COX-2 did not express 

PGE2. PGE2 was strongly expressed in mucosal 

epithelial cells of all AIA specimens and in 56% of 

HCNA specimens which could be a cause of pain in 

many of these patients. Although serum PGE2 was 

used as an inflammatory biomarker in other settings of 

medical problems, its utilization in diagnosing and 

prognosing AA is nil. 

Cyclooxygenase 1 and 2 (COX-1 and -2) 

There are 2 COX isoforms. COX-1 is responsible for 

production of PGs associated with maintenance of 

gastrointestinal integrity, whereas COX-2 is a critical 

molecule in the pathway for generation of prostanoid 

and leukotriene family of inflammatory mediators. Its 

expression is induced at the sites of inflammation by 

inflammatory agents, including lipopolysaccharide, IL-

1, and TNF-α. COX-2 induction in mucosal epithelial 

cells is a sensitive marker of inflammatory processes 

associated with the gastrointestinal tract
(62)

. Nemeth et 

al
(61)

 found COX-1 expression in the cytoplasm of 

epithelial cells both at the luminal surface and in 

crypts in normal appendices, AIA, and HCNA 

specimens. The strong expression of COX-2 as 

inducible marker of inflammation in the epithelial cells 

of bowel mucosa was demonstrated at mucosal surface 

in all AIAs and in 22 (56%) of the 39 HCNA 

specimens. There was a complete absence of COX-2 

expression in epithelial cells in normal appendices. In 

their study, the finding of markedly upregulated COX-

2 expression in epithelial cells in 56% of HCNAs lent 

further support to the belief that there was an 

inflammatory basis for the presenting clinical 

symptoms in many of those patients.  

Inducible Nitric oxide synthase (iNOS)                                                  

A key proinflammatory mediator produced in the 

intestinal mucosa is the free radical nitric oxide (NO
.
), 

synthesized by iNOS. Inflammatory stimuli, such as 

endotoxin and the cytokines IL-1 and TNF-α, can 

induce iNOS in a variety of inflammatory cells, 

including macrophages and neutrophils, and in 

vascular endothelium and smooth muscle. Nemeth et 

al
(61)

 found that appendix mucosal epithelial cells 
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showed strong iNOS expression in all AIA specimens 

and in 20 (51%) of the 39 HCNA specimens. The 

control specimens did not show any expression of 

iNOS. Only 2 of 22 HCNA specimens expressing 

PGE2 did not express iNOS. They also demonstrated 

increased expression of iNOS activity in mucosal 

epithelial cells in all AIA specimens and 51% of 

HCNA specimens. Increased iNOS activity and 

increased TNF-α expression
(37)

 in HCNAs suggest the 

presence of inflammatory response at a time when 

there are still no obvious histologic inflammatory 

changes on conventional hematoxylin-eosin staining. 

The only study conducted to check changes in serum 

nitric oxide (NO
.
) in AA included 34 patients who 

underwent operation with a perioperative diagnosis of 

AA. Serum NO
.
 metabolites, thiobarbituric acid 

reactive substances (TBARS), CRP levels, WBCC, 

and ESR were significantly higher, and total thiols was 

significantly lower in AA than in healthy controls. NO
.
 

metabolites, TBARS, and total thiols levels were 

comparable in acute phlegmonous appendicitis and 

advanced appendicitis. There was a significant positive 

correlation between NO
.
 metabolites and TBARS, 

CRP, ESR, WBCC and a significant negative 

correlation between NO
.
 metabolites and total thiols. 

However, these changes were independent from the 

extent of the lesion
(63)

.   

Major histocompatibility complex (MHC) class-II 

antigen 

MHC class-II antigen is a cell surface glycoprotein 

involved in the immune recognition of foreign 

antigens and in regulation of the immune response. In 

the study by Nemeth et al
(61)

, MHC class-II antigen 

expression was not detectable in NAs by 

immunofluorescence. In contrast, there was strong 

MHC class-II antigen expression in mucosal epithelial 

cells of all AIA specimens and in 20 (51%) of the 39 

HCNA specimens. All 20 HCNA specimens 

expressing MHC class-II antigen also expressed high 

levels of iNOS, PGE2 and COX-2. They reported that 

the strong expression of MHC class-II antigen in 

mucosal epithelial cells of AIA specimens and 

approximately 50% of HCNA specimens proved active 

inflammatory process even though the appendix 

appeared normal at operation and by histologic 

examination. They concluded that appendectomy 

removes the clinical symptoms in most of these 

patients and the patients are cured. Their study appears 

to confirm the existence of a subgroup of appendicitis 

in patients in whom evidence of an inflammatory 

pathologic condition is only obvious at a molecular 

level.                                                          

 

D-dimer                                                                                                                                         

D-dimer is a fibrin degradation product, a small 

protein fragment present in the blood after a blood clot 

is degraded by fibrinolysis. Mentes et al
(64)

 reported 

that increased D-dimer levels should not be considered 

as a diagnostic parameter in diagnosis of AA. But, 

Akyildiz et al
(65)

 found that, the sensitivity of D-dimer 

test in patients needing urgent laparotomy was 95.7%, 

whereas, WBCC presented 74.8% sensitivity. They 

concluded that D-dimer can be an alternative to 

WBCC in diagnosing the acute abdomen. Kaya et al
(19)

 

found that specificity of D-dimer test in AA was 75% 

and sensitivity was 67.4% but the diagnostic value of 

D-dimer was very low (31%) in AA.   

Lipopolysaccharide-binding protein (LBP) 

LBP is a soluble acute-phase protein that binds to 

bacterial lipopolysaccharide to elicit immune 

responses. LBP is present in normal serum at 

concentrations of 5 - 10 μg/mL, rising up to 200 

μg/mL 24 hr after induction of an acute-phase 

response
(66)

. Groselj-Grenc et al
(67)

 showed that highest 

area under ROC curve for AA was 0.776 for IL-6, 

followed by WBCC (0.684), CRP (0.637) and LBP 

(0.635). In conclusion, only IL-6, determined on 

admission, showed medium diagnostic accuracy, while 

other markers including LBP showed low diagnostic 

accuracy for AA in children. In their study, Brănescu 

et al
(68)

 found a good correlation between serum LBP 

pre-operative values and the histopathological 

diagnosis of the appendicitis (catarrhal and 

phlegmonous). They noticed that 72 hrs after the 

surgical removal of the infectious source, while the 

leukocytes and neutrophils decreased, LBP continued 

an ascending curve.   

Molecular indicators of AA   

Nuclear factor-kappa light chain enhancer of activated 

B cells (NF-κB) is a protein complex that regulates the 

transcription of target genes and stimulates 

inflammatory cytokine responses in many 

inflammatory diseases. Pennington et al
(69)

 showed 

that NF-κB binding activity is elevated in patients with 

AA and correlates with symptoms longer than 24 

hours. This increased activity returns to baseline 

values within 18 hours after appendectomy. It is 

hypothesized that the severity of local inflammation, 

as it occurs in AA, can be influenced by 

polymorphisms in genes involved in innate immunity. 

It is reported that, TNF and IL-2 mRNA expression 

are sensitive markers of inflammation in 

appendicitis
(37)

. Some reports
(70)

 state a relationship 

between IL-6 single nucleotide polymorphism (IL-6 

SNP) and appendicitis and some
(25,71)

 show it only in 
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complicated appendicitis. In other studies there were 

no associations or another IL-6 SNPs instead of -174 

SNP associated with appendicitis
(72)

. It was shown that 

SNP at -174 promoter region of the IL-6 gene is 

associated with IL-6 serum concentration
(73)

. 

Daneshmandi et al
(74)

 suggested that in Iranian 

population, IL-6 -174 promoter SNP is not a genetic 

risk factor for AA susceptibility and severity and does 

not affect laboratory diagnostic markers. Rivera-

Chavez et al 
(71)

 found that only polymorphism in the 

IL-6 gene was associated with the severity of 

appendicitis. Even after adjustment for duration of 

symptoms, the SNPs in the CD14, Toll-like receptor-4 

(TLR4), IL-1β, and TNF-α genes were not associated 

with severity of appendicitis.    

Other inflammatory markers in AA  

Circulating serum amyloid A (SAA) levels have better 

discriminatory value than WBCC or CRP in the 

assessment of AA in children
(11)

. Group-II 

Phospholipase A2 (PLA2) also has been proposed to 

be an acute-phase reactant
(75)

. Gronroos et al
(76)

 

concluded that CRP and PLA2, were better indicators 

of appendiceal perforation or abscess formation than 

was WBCC. Urinary 5-hydroxy-indole acetic acid can 

be used as a reliable marker for supporting the clinical 

diagnosis of AA
(77,78,79,80)

. Leucocyte elastase
(81)

 and 

alpha-1-acid glycoprotein
(82,2)

 were not found to be of 

much use in diagnosis and differentiation of AA. 

Endotoxin and coagulation profile also have an 

important role as inflammatory markers in AA
(27,83)

.  

Conclusion 

The inflammatory markers have become increasingly 

important in the investigation of AA to help 

determining the urgency of intervention, prognosing 

the disease and preventing percentage of negative 

appendectomy. Raised ESR, WBCC and CRP are 

frequently used inflammatory markers in combination 

and in association with clinical findings. But they are 

poorly reliable because of their low specificity, though 

CRP indicates severity of inflammation including 

perforation and abscess formation. New inflammatory 

markers such as IL-6, TNF-α, serum total bilirubin, 

procalcitonin and molecular indicators such as IL-6 

SNPs are promising and require further investigations. 

Most of the other markers discussed in this review 

show heterogeneous results and still need extensive 

researches to be done. 
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Abstract 

Background: Diabetes and its cardiovascular and neurological complications are major risk factors for erectile 

dysfunction (ED) that is detrimental to quality of life. Confounding factors include age, overweight and obesity, 

insulin resistance, physical inactivity, and smoking. Hypothesis and Aim: Because such profile is reaching an 

epidemic scale in Saudi Arabia, We liked to check the ED and its major risk factors status among married 

diabetic men recruited from the Northern Al-Jouf region. Patients and Methods: This cross-sectional study 

enrolled all voluntarily willing 524 diabetic participants (age 20 - 60 years; Median 45 year). Sexual function was 

assessed using items 5, 15, 4, 2, and 7 from the full-scale International Index of Erectile Function (IIEF)-5. They 

were stratified for disease duration, hypertension, smoking and whether taking erection medication. Data were 

collected and frequency was calculated to assess significance of differences by Chi Squared test using SPSS 

software. Results: As anticipated, 60.88% of the patients had ED despite an almost normal sexual desire 

(89.69%). Although longer disease duration and tobacco smoking significantly increased ED, ~50% of early 

diabetic patients and non-smokers showed ED. It was surprising to see that on-medication hypertensive patients 

associating significantly lower rate of ED (31.839 vs. 68.439% among normotensives). Similar to previous 

reports, oral erectile medication did not achieve significant improvement in patients administrating them 

(86.83%). Conclusion: The high prevalence of ED among our diabetic patients that is unresponsive for oral 

treatment urges for early diabetes and ED diagnosis and innovative control. Alenzi MJ. The Prevalence of 

Erectile Dysfunction and its Major Risk Factors among the Northern Saudi Men with Diabetes Mellitus. 

AUMJ, 2015 January 1; 2(1): 11 - 16.   

Key words: Diabetes, Erectile dysfunction, hypertension, oral erection medication, tobacco smoking, disease 

duration, Saudi Arabia, Al-Jouf.  

Introduction 

Diabetes mellitus (DM) is one of the most common 

chronic diseases worldwide and in Saudi Arabia in 

particular where it is close to be an epidemic
(1)

. The 

high and increasing rates of DM in Saudi Arabia is 

reasoned to many factors; namely, high caloric intake, 

obesity and physical inactivity along with genetic 

predisposition
(2,3)

 - Figure 1). Diabetes is associated 

with sexual dysfunction (SD). Risk of erectile 

dysfunction (ED) in diabetic patients is increased to 

threefold its rate in healthy men
(4,5)

. Diabetes may be 

further complicated with other risk factors for SD; 

namely: hypertension, sedentary lifestyles, overweight 

and obesity, metabolic syndrome, cigarette smoking, 

neuropathy, micro- and macro-angiopathy or 

atherogenic dyslipidemia
(6)

. The age-adjusted risk of 

ED is doubled in diabetic men vs. non-diabetics
(6,7)

. 

ED significantly associates each of the cardiovascular 

risk factors; diabetes, smoking, hypertension, 

hyperlipidemia, metabolic syndrome, as well as 

depression, lower urinary tract symptoms, and poor 

health state
(8-12)

. On the other side, ED is a marker of 

significantly increased risk of cardiovascular disease, 

stroke, and all-cause mortality
(13)

.  

 
Figure 1: Diabetes estimates according to the national 

registry in Saudi Arabia for 2013 and its projection to the 

year 2035. UDD = number of people with undiagnosed 

diabetes, and, IGT = number of people with impaired 

glucose tolerance(1). 

ED is defined as the persistent inability to achieve or 

maintain penile erection for successful sexual 
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intercourse that associates a decreased quality of life in 

men
(14)

. ED increases with age starting at ≥1% below 

age 40 to reach 50-100% above 70
(6,7)

. ED is 

uniformly detected by surveying men with 

standardized sexual function questionnaires - 

particularly items 5, 15, 4, 2, and 7 from the full-scale 

International Index of Erectile Function (IIEF)-5; a 

sum score of 21 or less indicates the presence of 

ED
(15)

. Worldwide, an increased risk of ED reaching 

≥50% vs. a general population rate of 26% is reported 

in both types-1 and -2 diabetes. In such patients, ED 

occurs 10 - 15 years earlier than non-diabetics. More 

perturbing is the fact that diabetic patients experience 

more severe and erection drug less responsive ED
(5)

. 

Diabetic patients frequently administrate specific 

medications that may present an additive deleterious 

effect on diabetic ED, namely: antihypertensive drugs 

(β-blockers, thiazide diuretics, and spironolactone), 

psychotropic drugs (antidepressants), and 

hypolipidemic drugs. Moreover, advanced age and 

longer duration of diabetes further increase risk of 

ED
(16,17)

. However, studies reporting the prevalence of 

ED in diabetes presented types-1 and -2 diabetes as 

one group in most of cases, suggesting that they are 

equally causative
(5)

. 

“Sexless” relationship is one in which sex occurs 10 or 

fewer times per year that highly imparts patients’ 

quality of life. Therefore, it was essential to assess 

prevalence of ED among DM patients in our area, so 

that early intervention could be instituted. The present 

cross-sectional Primary Health Care Centers-based 

study voluntarily enrolled 524 diabetic married men 

(both types-1 and -2) from the northern Saudi, Al-Jouf 

Region to assess the prevalence of ED, their response 

to erection medication, and to identify the impact of 

ED major risk factors (smoking and hypertension) 

employing a structured questionnaire. 

Patients and Methods 

The present cross-sectional study lasted six months 

(from 1
st
 April to 30

th
 September, 2013) and reviewed 

all (n = 524; 20 - 60 years old; Median 45 year) Saudi 

married men with DM (On oral hypoglycemics and/or 

insulin). Patients were attending diabetes clinics at the 

twenty one primary health care centers of the northern 

Al-Jouf Region of Saudi Arabia. The study enrolled all 

patients voluntarily agreed to participate and did not 

have an exclusion criterion. A structured questionnaire 

based on IIEF-5, which consists of items 5, 15, 4, 2, 

and 7 from the full-scale IIEF-15 was devised to assess 

prevalence of ED
(15)

. Each item is graded 1 - 5 and a 

sum score of ≤21 indicates the presence of ED. Grade-

1 indicates almost never/never, grade-2 indicates a few 

times, grade-3 indicates sometimes, grade-4 indicates 

most times and grade-5 indicates almost 

always/always that an event happens. The 5 items 

included erectile strength and duration, orgasm 

achievement, sexual desire, intercourse satisfaction 

and over-all satisfaction with sexual life. The 

questionnaire was administered to patients in the local 

Arabic language by the attending physician at spot.  

Data collected also included patients age, duration of 

diabetes, remarkable medical history particularly 

hypertension and its medication, smoking status, 

erection medication and concomitant medications for 

diabetes. Exclusion criteria included: history of current 

inflammatory disease or infection, prostate 

enlargement, prostate cancer, prostatectomy, increased 

level of prostate-specific antigen, current hormone 

replacement therapy or current suffering of neoplastic 

diseases.  A written informed consent from participants 

was obtained and the local ethical committee of the 

College of Medicine, Aljouf University approved the 

study. Data were presented as frequency (number and 

percentage), mean ± SDM and Chi-Square test was 

used for categorical data comparison (SPSS software 

version 18; SPSS Inc., Chicago, IL, USA). P value 

<0.05 was considered statistically significant. 

Results 

Table 1 presents the prevalence of the ED related 

sexual satisfaction items 5, 15, 4, 2, and 7 of IIEF-5 

questionnaire among the enrolled Saudi diabetic 

patients. The summative questionnaire results showed 

that among the reviewed 524 married Saudi diabetic 

men, 319 (60.88%) patients had ED. Among the whole 

group, 470 (89.69%) had sexual desire, 313 (59.73 %) 

achieved proper erection, 195 (37.21%) felt having 

adequate erection time, 299 (57.06%) had satisfactory 

intercourse, and 355 (67.75%) had overall sexual 

satisfactory life.   

Table 1: Prevalence of the erectile dysfunction-related sexual 

satisfaction items 5, 15, 4, 2, and 7 of the International Index 

of Erectile Function-5 among the investigated Saudi diabetic 

patients from Al-Jouf Region of Saudi Arabia (n = 524). 

Data presented are n (%).   

Variable Yes No 

Do you have sexual desire? 470 

(89.69%) 

54 

(10.31%) 

Do you achieve proper erection 

strength?  

313 

(59.73%) 

211 

(40.27%) 

Do you have enough erection 

time?  

195 

(37.21%) 

329 

(62.79%) 

How much satisfactory is your 

intercourse? 

299 

(57.06%) 

225 

(42.94%) 

How much is your overall sexual 

satisfaction? 

355 

(67.75%) 

169 

(32.25%) 
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Among 250 diabetic patients with a disease duration of 

<5 years reviewed, 129 (51.6%) had ED, whereas, 

among the studied 274 DM patients with a disease 

duration of >5 years, 190 (69.34%) experienced ED. 

Comparing the prevalence of ED among the two 

groups of DM disease duration showed statistically 

significantly higher ED in patients with >5 years 

disease duration (P<0.05), See Table 2. However, 

more than 50% of early diabetic patients surveyed 

experienced ED with absence of remarkable neuro- or 

angio-pathic complications, whereas, ED in late DM 

was accompanied with established organic causes 

particularly neuropathy. 

Table 2: Prevalence of erectile dysfunction (ED) among the 

studied 524 Saudi diabetic patients from Al-Jouf Region of 

Saudi Arabia and its correlation with diabetes disease 

duration. Data presented are n and percentage. 2 = 17.27 

and p<0.05, comparing ED prevalence among 5 years and 

>5 years disease durations. 

Diabetes 

Duration 

Presence of ED Total  

 Yes No  

5 Years 129 (51.6%)  121 (48.4%) 250 (47.71%) 

>5 Years  190 (69.34%) 84 (30.66%) 274 (52.29%) 

Total  319 (60.87%) 205 (39.13%) 524 (100) 

Table 3 presents the prevelance of ED as correlated 

with tobacco smoking among the whole group of the 

investigated DM pateints. Among 524 pateints 

enrolled, 321 (61.26%) patients were smokers. ED 

among smoker diabetics reached 69.16% (222 out of 

321), whereas, ED prevalence among non-smoker 

diabetics was 47.78% (97 out of 203). Therefore, there 

is a statistically significant difference comparing ED 

prevalence in somker and non-smoker daibetic pateints 

(p<0.05).  

Table 3: Prevalence of erectile dysfunction (ED) among the 

studied 524 Saudi diabetic patients from Al-Jouf Region of 

Saudi Arabia and its correlation with tobacco smoking. Data 

presented are n and percentage. 2 = 23.85 and p<0.05, 

comparing ED prevalence among smokers and non-smokers. 

Risk factor Erectile Dysfunction Total 

Present Absent 

Tobacco Smokers 222 

(69.16%) 

99 

(30.84%) 

321 

(61.26%) 

Non-Smokers 97 

(47.78%) 

106 

(52.22%) 

203 

(38.74%) 

Total 319 

(60.88%) 

205 

(39.12%) 

524 

(100%) 

Table 4 showed that among 524 diabetic patients 

included, 223 (42.56%) were hypertensive on-anti-

hypertensive medication. Hypertension and its 

medication surprisingly seemed to significantly lower 

prevalence of ED as compared to normotensive 

diabetic patients investigated (31.67% vs. 68.33%; 

p<0.05).  

Table 3: Prevalence of erectile dysfunction (ED) among the 

studied 524 Saudi diabetic patients from Al-Jouf Region of 

Saudi Arabia and its correlation with concurrent on-

medication hypertension. Data presented are n and 

percentage. 2 = 68.863 and p<0.05 comparing ED 

prevalence among on-medication hypertensive and 

normotensive patients. 

Risk factor ED Total 

Present Absent 

Hypertensive On-

Medication 

71 

(31.84%) 

152 

(68.16%) 

223 

(42.56%) 

Normotensive 206 

(68.44%) 

95 

(31.56%) 

301 

(57.44%) 

Total 277 

(52.86%) 

247 

(47.14%) 

524  

(100%) 

Table 5 shows that 455 (86.83%) patients of study 

group used one or another drug prescribed for erectile 

dysfunction, whereas, 13.17% of the patients did not 

use such medical aid for erection. However, the use of 

pharmaceutical medication for erection did not 

significantly improve the ED (p>0.05). And, 

improvement in the study context means a drug-

supported achievement of an erection enough to satisfy 

both partners. 

Table 5: Prevalence of improved erection among the studied 

524 Saudi diabetic patients from Al-Jouf Region of Saudi 

Arabia after the use of oral medication for erection. Data 

presented are n and percentage. 2 = 3.193 and non-

significant p>0.05, comparing erection satisfaction among 

users of oral medication for erection and those who did not 

use medication. 

Oral Erection 

Medication 

Improved Erection Total 

Present Absent 

Yes 265 

(58.24%) 

190 

(41.76%) 

455 

(86.83%) 

No 48 

(69.565%) 

21 

(30.435%) 

69 

(13.17%) 

Total 313 

(59.73%) 

211 

(40.27%) 

524 

 (100%) 

Discussion  

Dependent on the selected population, age, DM type 

and duration, the prevalence of diabetic ED varies 

from 32 to 90%. In 12-30% of men ED is the first sign 

of diabetes, diagnosed later
(18)

. Diabetes-induced ED 

has multifactorial pathogenesis depending on both 

psychological and organic changes. The latter include 

vasculopathy; macro- and micro-angiopathy and 

endothelial dysfunction with consequent penile arterial 

insufficiency, neuropathy, visceral adiposity, insulin 

resistance, and hypogonadism
(9)

. Accumulation of 

advanced glycation end products, impaired endothelial 

and neuronal nitric oxide synthesis, enzyme 
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expression, and activity, proinflammatory state and 

oxidative stress that reduce the bioavailability of nitric 

oxide, and imbalance between the vasoconstrictive and 

vasorelaxant intracellular pathways - all are involved 

in endothelial dysfunction
(19-21)

. Microvascular disease 

determines ischemic damage in the distal circulation 

and autonomic and somatic peripheral neuropathy that 

contribute to diabetes-induced ED due to the 

impairment of sensory impulses from the penis to the 

reflexogenic erectile center, and reduced or absent 

parasympathetic activity necessary for relaxation of 

the smooth muscle of the corpus cavernosum
(22)

.   

The present study found that prevalence of ED was 

60.88%, which is very close to results of other Saudi 

and Jordanian studies
(23-25)

. This study revealed that 

prevalence of ED is significantly higher in the DM 

patients of more than 5 years duration that could be 

due to organic causes particularly the microvascular 

changes as compared to early DM of ≤5 years duration 

- where ED could be related to anxiety and 

psychological causes. Reportedly, the prevalence of 

ED was 86.7% in type-2 diabetic Saudi patients 

recruited from the capital city of Riyadh with low 

testosterone level of 8-12 nM/L. BMI and waist 

circumference were both significantly negatively 

correlated with testosterone levels in these 

patients.71.6% of these patients with free testosterone 

<0.255 nM/L had hypogonadism. ED and 

hypogonadism correlated positively with each of 

advancement of age, diabetes disease duration, 

obesity, hypertension, poor glycemic control and 

increased triglycerides
(26)

. In a Chilean study, 55% of 

diabetic patients had ED that correlated significantly 

with inadequate glycemic control
(27)

. A Chinese multi-

center survey of 603 type 2 diabetes mellitus patients 

reported a prevalence of 79.1% ED. The prevalence of 

ED was strongly associated with older age. Nearly 

55% of those with ED did not consider themselves as 

having ED. However, screening using IIEF-5 

questionnaire enabled diagnosing more than half of 

ED cases, which otherwise would have gone 

undiagnosed
(28)

. A multicenter study enrolling 599 

diabetic patients from Tshwane district of South 

Africa, showed that 36% had severe ED
(29)

.  

A Tanzanian study showed that 55.1% of DM patients 

experienced some forms of ED (12.8% mild, 11.5% 

moderate and 27.9% severe ED). Moreover, there 

were significant positive correlations between each of 

age, peripheral neuropathy, peripheral vascular disease 

and DM duration, and ED. However, the study did not 

found correlation with any lifestyle factors in those 

patients
(30)

. A Pakistani study comprising 217 type-2 

diabetic married men showed that higher HbAlc levels 

and atherogenic dyslipidemia were associated with 

ED. Duration of diabetes, older age, and increased 

body mass index are associated with increased 

incidence of ED in the patients
(31)

. A German study 

showed that type-2 diabetic men with ED had a 

significant longer duration of diabetes, a higher 

HbA1c and increased serum creatinine compared to 

patients without ED
(32)

. An Iranian study reviewed 200 

type-2 DM patients and found a prevalence of 59.5% 

ED amongst them. A negative significant correlation 

was found between potency score and HbA1c, fasting 

blood glucose, and systolic blood pressure but not with 

other risk factors; lipid profile, BMI, and serum 

testosterone level. The only two independent 

predictors of ED in those patients were age, and taking 

antihypertensive calcium channel blockers
(33)

. The 

latter statement is contradictory (see later in the 

discussion).  

Prevalence of ED was 38.94% among 113 married 

Indian diabetic men. ED group significantly differed 

from non-ED group in current age, family type 

(extended, joint or nuclear family setup), type of 

treatment for diabetes, presence of 

micro/macrovascular complications, history of current 

tobacco use, quality of marriage, and presence of 

depressive symptoms that were significantly predictive 

for occurrence of ED
(34)

. Another Indian study 

enrolling 348 type-2 diabetic adult men showed that 

77.2% suffer ED. ED significantly associated with 

age, duration of diabetes, glycemic control, BMI and 

neuropathy
(35)

. In a Turkish cross-sectional single-

center study that reviewed 116 type-2 diabetic 

patients, severe ED reached 29.4%. The likelihood and 

severity of ED significantly associated diabetic 

polyneuropathy
(36)

.  

Among causes of sexual dysfunction in diabetic men, 

late onset hypogonadism (primary and secondary) is 

now a recognized entity
(37)

. Testosterone regulates 

nearly every component and timing of erectile 

function. Subnormal testosterone concentrations in 

men with type-2 diabetes is associated with 

inappropriately low luteinizing hormone (LH) and 

follicle-stimulating hormone (FSH) 

concentrations
(38,39)

. Testosterone deficiency in 

diabetes are reasoned to low levels of the sex 

hormone-binding globulin due to insulin resistance, 

increased aromatase activity in visceral adipose tissue, 

leptin resistance that reduces secretion of LH and tes-

tosterone, and increased levels of inflammatory 

mediators that suppress gonadotropin-releasing 

hormone and LH secretion
(20)

. In a multicenter Italian 

study, among 1,503 patients of recently diagnosed 

type-2 diabetes, 33.3% experienced unsatisfactory 

sexual function. Prevalence hypogonadism reached 

20%. Both organic (at least one chronic DM-
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associated complication) and psychological severe 

depressive symptoms increased the risk of ED
(40)

.  

Adult men with type-2 diabetes showed no difference 

in prevalence ED comparing patients with 

hypogonadism with those with normal gonadal 

function. This implicates DM and its complications in 

associating ED rather than hypogonadism
(41)

. Lower 

testosterone and greater severity of ED independently 

correlated with poorer physical function, social 

function, vitality and decline in general health domains 

of the SF-36 health and Androgen Deficiency of the 

Aging Male questionnaires
(42)

. Not only ED (up to 

75% of cases) that has reduced response to oral 

erection medication but also low serum testosterone 

are common in men with type-2 diabetes
(43)

.   

The present study revealed higher prevalence of ED 

among DM smoker patients and lower ED prevalence 

among hypertensive DM patients on treatment. While 

smoking is consistently reported as additional risk 

factor for DM-induced ED, variable effects for the 

different hypotensive drugs on DM-induced ED were 

reported although hypertension per se is an additional 

risk factor for ED
(16,17,25,33,44)

. Nebivolol - a 

hypotensive β1-adrenoceptor antagonist that promotes 

vasodilation through a nitric oxide (NO)-dependent 

mechanism - in vivo activated the NO/cGMP pathway, 

enhanced erectile response and reversed diabetes-

induced ED. These effects may account for the low 

incidence of ED in nebivolol-treated hypertensive 

patients
(45)

. Among Saudi Arabians, a significant 

association of 894G>T, 4a/b, and −786T>C 

polymorphisms with metabolic syndrome in 

endothelial nitric oxide synthetase is evident
(46)

. 

Diabetic patients with hypertension and high risk of 

vascular damage showed significantly higher levels of 

plasma fibulin-1 - an indicator of vascular damage - 

particularly in diabetic patients reporting ED. Low-

dose of the antihypertensive spironolactone (a 

mineralocorticoid receptor blocker) reduced plasma 

fibulin-1 levels in patients with type-2 diabetes and 

resistant hypertension
(47)

.   

In the present study a majority of the patients were 

administrating erection medication. However, such 

medications did not cause significant improvement in 

patients' erectile efficiency. Since diabetic ED is 

multifactorial, its treatment necessitates a 

comprehensive approach. The latter would include 

correcting the modifiable risk factors, promoting 

lifestyle changes and innovative treatment modalities. 

Moderate physical activity, weight loss, and reduced 

caloric intake using Mediterranean diet (low in 

saturated fat, and high in monounsaturated fat and 

vegetable and fruit fibers) ameliorate ED in the 

general male population. These modifications nullify 

insulin-resistance and the subclinical inflammation 

that correct endothelial dysfunction. PDE5Is 

(contraindicated in nitrate users) represent first-line 

pharmacologic therapy
(19)

. Although the overwhelming 

percentage of the present study patients used drug aids 

for erection (86.3%), only 67.74% were sexually 

satisfied, 59.73% achieved proper erection and 37.21% 

maintained enough erection duration. This may reflect 

drug resistance and vascular dysfunction, concurrent 

hypogonadism and/or other DM complication-induced 

organic changes
(26,48-52)

.  

The efficacy of oral type 5 phosphodiesterase 

inhibitors (PDE5Is) pharmacotherapy for ED is 

significantly reduced in diabetic patients
(53,54)

. There is 

a low clinical response to PDE5Is for treatment of ED 

in the patients with high cardiovascular risk profile, 

such as diabetics, as an expression of higher 

endothelial damage in such patients
(55)

. Alternatively, 

the implantable penile prosthesis, intra-cavernosal 

injections and vacuum constriction devices remain 

safe, and are highly effective treatment options for 

those DM patients with PDE5Is refractory ED
(56)

. DM 

patients with ED not responding to sildenafil alone 

were successfully treated with either a vacuum 

erection device or combination therapy of sildenafil 

and the vacuum erection device
(57)

. Good alternatives 

for non-responsive patients would include papaverine, 

phentolamine, and prostaglandin E1 (PGE1) intra-

cavernosal instillation, and intra-urethral 

administration of PGE1
(58)

. Whenever, low levels of 

testosterone are reported, it is recommended to put 

patients on testosterone replacement therapy
(43,59)

.   

Limitations of the Study and Future 

Prospective 

The clinical characterization of the enrolled patients 

through dissecting their glycemic control indices, 

vascular and neurogenic functions, nitric oxide level 

and sex hormone synthesis and gonadal function 

require further future studies. This was difficult doing 

due to partial cooperation of patients who see ED as a 

socially stigmatizing problem and a culture of 

reluctance to donate clinical samples. Though 

surprising, the results with the anti-hypotensive 

medication worth perusing for further dissection. 

Conclusion 

There is a high prevalence of ED among Saudi 

diabetic patients in Al-Jouf Region even those with 

early disease. They were also unresponsive to oral 

erection medication. Smoking worsened their ED 

status. Surprisingly, hypertension seamed to associate 

reduced ED prevalence. The latter effect could not be 

reasoned to hypertension per se but rather may be due 
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to specific antihypertensive medication. These results 

highlight the importance of early screening for ED 

among such patients. Moreover, because almost 50% 

of early DM suffered ED, detection of neuro- and/or 

vasculo-pathies and psychiatric consultation should be 

instigated early in DM disease course to rule out 

public misconceptions about intimacy of DM and ED. 

Further longitudinal studies should emphasize on 

temporal variation to show true causality of DM 

and/or its complications on ED through dissecting 

pathogenetic biochemical gonadal (testosterone) and 

diabetic changes (AGEs, glycemic control, oxidative 

stress, apoptosis, and angiogenic/antiangiogenic 

effectors). 

Knowledge Gain  

 The study is raising a red flag for the early and 

high prevalence of ED among Saudi diabetic 

patients particularly when combined with known 

ED risk factors such as tobacco smoking. 

 The reduced responsiveness to erection medication 

further highlights the problem and necessitates 

controlling diabetes complications and 

investigating gonadal function. 
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Abstract 

Background: Early diagnosis of the different types of benign and malignant maxillofacial tumors is 

prognostically crucial and challenging in that knowledge of their pathologic features and its radiographic 

appearance is essential. Aims of the study: This study was undertaken in an attempt to radiologically assess 

benign and malignant maxillofacial tumors by multi-slice computed tomography (MSCT) in comparison with 

conventional radiography (CR) for their radiographic diagnostic accuracy of maxillofacial benign and malignant 

tumors. Patients and Methods: Thirty two patients (Male/female 19/13; age range 9 - 64 years) with suspected 

benign and malignant maxillofacial tumors were enrolled. They were subjected to clinical examination followed 

by radiographic examination using both CR and MSCT before confirming the diagnosis by histopathology. 

Statistically comparison of findings of the two used modalities (CR and MSCT) was done. Results: MSCT has 

proven to be a superior tool with high degree of precision than CR in assessing tumor size, extension, borders, 

and effect on cortices. MSCT detected all soft tissue extensions of the investigated maxillofacial tumors. 

Conclusion: MSCT has proven to be a superior tool with high degree of precision than CR in assessing tumor 

size, extension, borders, and effect on cortices particularly for malignancies in both jaws. MSCT provides images 

with high clinical precision and more advantageous than conventional radiography in determination of 

mandibular canal and paranasal sinus affections by maxillofacial tumors. However, conventional radiographic 

images provided exceptional visualization of minute teeth involvements, root resorption and aberrations of 

lamina dura accompanying maxillofacial tumors. Bakry AM, Gad HM, ALzaree B and Kassab M. Multi-

Slices Computed Tomographic and Conventional Radiographic Findings of Benign and Malignant 

Maxillofacial Tumors: A Comparative Study. AUMJ, 2015 January 1; 2(1): 17 - 22.   

Key words: Multi-Slice Computed Tomography, Conventional Radiography, Maxillofacial Tumors.  

Introduction 

Tumors are generally monoclonal in origin with 

uncontrolled autonomous proliferation that lost cellular 

differentiation to one grade or another
(1)

.
 

The 

maxillofacial area has a variety of benign or malignant 

tumors particularly bone tumors. For diagnosis of these 

tumors, background knowledge of the pathologic 

features of these tumors and how these features are 

reflected in their radiographic appearance is essential. 

The common location of bone tumors of the 

maxillofacial area, familiarity with the radiographic 

features, in combination with history taking and 

clinical examination facilitates the diagnosis and helps 

radiologists to narrow the list of differential diagnoses 

and allows for definitive diagnosis in some cases. Early 

diagnosis of bone tumors is crucial in promoting 

aggressive treatment, often allowing complications to 

be avoided
(2)

. Clinical assessment of mandibular 

invasion requires clinical symptoms and signs or 

assessing the mobility of the tumor in relation to the 

mandible bimanually. However, it always necessitates 

a radiographic correlation using Orthopantomography, 

Scintigraphy, Computed Tomography (CT), Magnetic 

Resonance Imaging or Positron Emission 

Tomography
(3)

. It is difficult sometimes to differentiate 

between a benign tumor with well-circumscribed with 

a smooth margin from a malignant one with invasive 

infiltrating margins
(4)

. However, CT displays the jaw in 

three planes that provides information about cortical 

boundaries, extension of the lesion, and involvement of 

surrounding structures. Benign lesions which are 

slowly-growing, often expand the bone and cause 

thinning of the outer cortical bone, while rapidly 

growing malignant lesions create a sharp defect in the 

bone that cause destruction of the cortex without 

causing expansion
(5)

. 
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Tumor volume is a reliable piece of information for 

treatment planning, and that it can also predict the 

outcome of radiotherapy for head and neck cancer
(6)

.
 

Unlike conventional tomography, where the image of a 

thin section is created by blurring out the information 

from the unwanted regions, CT image is constructed 

mathematically using data arising from the section of 

interest. CT combines thin section imaging of 

tomography with electronic image acquisition and 

computerized image generation
(7)

. For radiographic 

imaging of the maxillofacial area, CT is mainly used. 

A bone window algorithm provides better delineation 

of the details of a bony lesion. CT scanning is sensitive 

for detecting calcified tumor matrix and the changes of 

bone and destruction of cortical bone
(2)

. The 

introduction of multi-detector computed tomography 

(MDCT) represented a fundamental evolutionary step 

in the development of CT imaging techniques. MDCT 

scan can yield multiple, thin, overlapping slices that 

can be rapidly reconstructed, resulting in higher-quality 

images. Special algorithms allow multi-planar 

computer-reformatted 3-dimensional (3D) and 

panoramic reconstructions
(8)

.  

Multi-slice computed tomography (MSCT) scan has 

resulted in transforming the axial cross-section 

technique into a 3D imaging modality which allows for 

viewing examinations in arbitrary planes as well as 3D 

that improves image quality for CT angiography and 

bone work
(9)

. MSCT is commonly used in imaging of 

different types of lesions in the area of maxilla and 

mandible because of its precision and high diagnostic 

accuracy. MSCT presents height, width, and 3D of the 

maxilla and mandible, as well as detailed information 

about the normal anatomy landmarks; the inferior 

alveolar canal, mental foramen, mandibular foramen, 

incisive foramen, and maxillary sinus
(10)

. For diagnosis 

of oral cancer, MDCT is a first-line diagnostic device 

that enables accurate tumor staging and treatment 

planning for the resection of the tumor
(11)

.
 
Because 

MSCT offers excellent spatial resolution that enables 

exquisite multi-reformations, and 3-D reconstructions, 

the present study aimed at assessing maxillofacial 

tumors with MSCT as compared to CR bearing in mind 

its disadvantageous increases in patient exposure
(12)

. 

Patients and Methods 

Thirty two patients of both sexes (Male/Female 19/13) 

with age range 9 - 64 years were voluntarily enrolled. 

They were complaining from pre-diagnosed benign 

maxillofacial tumors (16 cases: 2 Central Giant Cell 

Granuloma, 4 Myxoma, 2 Odontoma, 3 

Ameloblastoma, 1 Ameloblastic Fibroma and 4 

Osteoma) and malignant maxillofacial tumors (16 

cases: 6 Squamous Cell Carcinoma, 2 Ameloblastic 

Fibrosarcoma, 2 Burkett’s lymphoma, 2 non-

Hodgkin’s lymphoma, 2 Ewing’s sarcoma and 2 

Rhabdomyosarcoma) and were followed up at the 

Outpatient Clinics of Oral Surgery, Faculty of 

Dentistry, Minia University, and, the Outpatient Clinic 

of Minia Oncology Centre, Minia, Egypt, in the period 

from January 2014 to August 2014.  Diagnosis of their 

lesions was confirmed by histopathological 

examination after radiographic examination is done. 

Every patient was subjected to a panoramic 

examination using Orthoslice Panoramic machine 

(Soredex, Finland). The machine is computerized and 

electronically controlled to adjust the kVp and 

exposure time according to the size and age of each 

patient. Occlusal and periapical radiographs were taken 

for some cases (whenever indicated to reveal fine 

details as tooth involvement). The MSCT studies were 

performed using Toshiba MSCT unit at settings of 130 

kV, 30 mA and 512 X 512 reconstruction matrices. 

MSCT examinations were performed according to the 

following protocol: 1) Axial and direct coronal planes, 

2) Bone windows and soft tissue windows, 3) Cuts 

were done at 5 mm thickness and 5 mm interspaces, 

and, 4) Contrast injection was used whenever needed.  

Radiographic assessment of CR and MSCT 

radiographs; panoramic and intra-oral if present as well 

as the axial and coronal images, was performed for 

every lesion. Images were analyzed for the following 

lesion criteria: 1) Extension: Slight = Not exceeding 

two adjacent teeth on one side, Moderate = Exceeding 

two adjacent teeth on one side, and, Severe = Extra-

osseous extension, 2) Borders of the lesion: Well-

defined without cortication, well-defined and 

corticated, hazy or invasive, 3) Internal structure of the 

lesion: Radiolucent, radio-opaque or mixed, 4) 

Locularity of the lesion: One, two or multiple, 5) Effect 

on adjacent teeth: Displacement, preventing eruption 

without displacement, root resorption, floating in place, 

loss of lamina dura or no-effect, 6) Effect on cortical 

bone: Expansion, destruction, periosteal bone 

deposition or no-effect, 7) Effect on mandibular canal: 

Displacement, widening with maintenance of cortical 

boundary, destruction of boundary or no-effect, 8) 

Effect on maxillary sinus, and, 9) Soft tissue 

involvement.  

Statistical analysis: Qualitative data were presented as 

frequencies (numbers and percentages). Wilcoxon 

signed-rank test was used to compare MSCT and CR 

modalities. The significance level was set at p<0.05. 

Statistical analysis was performed with IBM
®
 SPSS

®
 

Statistics Version 20 for Windows. 
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Results 

There was no statistically significant difference in 

performance of CR compared to MSCT in detection of 

internal structure of the lesion (100% vs. 100%) as well 

as lesion effect on cortical bone (37.5% vs. 37.5%). 

Considering the tumor extension, MSCT showed 

statistically significantly higher performance to clearly 

detect tumor extension than CR (100% vs. 75%, 

p<0.005) (Figure 1). 

 
Figure 1: Multi-slice computed tomography (MSCT) is 

significantly better in detecting maxillofacial tumor 

extensions than conventional radiography (CR). 

Regarding the borders of maxillofacial tumors, MSCT 

showed statistically significantly higher percentage of 

detection (100% vs. 75%, p<0.004), detecting well-

defined without cortication (31.3% vs. 43.8%, 

p<0.004), detecting well-defined corticated borders 

(12.5% vs. 0%, p<0.004) and detecting ill-defined 

borders (56.3% vs. 10%, p<0.004) than CR (Figure 2).  

 
Figure 2: MSCT is statistically significantly better in 

detecting well-defined and corticated border as well as ill-

defined border maxillofacial tumors than CR. 

Regarding the effect on adjacent teeth; MSCT showed 

statistically significantly higher percentage in detecting 

no-effect (62.5% vs. 50%, p<0.011) and displacement 

(37.5% vs. 25%, p<0.011) while CR showed higher 

percentage of detecting floating in space (6.3% vs. 0%, 

p<0.011), loss of lamina dura (6.3% vs. 0%, p<0.011), 

tooth displacement and root resorption (6.3% vs. 0%, 

p< 0.011) (Figure 3). 

 
Figure 3: MSCT is statistically significantly better in detecting no-effect and displacement of teeth by maxillofacial tumors, 

while, CR is significantly better in detecting floating in space, loss of lamina dura, tooth displacement and root resorption as a 

result of maxillofacial tumors. 

Considering the effect on mandibular canal; MSCT 

showed statistically significantly higher percentage of 

detecting displacement (43.8% vs. 31.3%, p<0.023) 

and destruction of boundary (6.3% vs. 0%, p<0.023) 

as a result of maxillofacial tumors than CR (Figure 4). 

In addition, MSCT showed statistically significantly 

higher percentage of detecting maxillofacial tumor soft 

tissue involvement than CR (68.8% vs. 6.3%, 

p<0.001) (Figure 5). 
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Figure 4: MSCT is statistically significantly better in 

detecting displacement and destruction of boundary of 

mandibular canal by maxillofacial tumors than CR. 

Figure 5: MSCT is statistically significantly better in 

detecting maxillofacial tumor soft tissue involvement 

compared to CR. 

Regarding the effect of maxillofacial tumor on 

maxillary sinus, MSCT was statistically significantly 

better in detecting obliteration of the sinus (12.5% vs. 

0%, p<0.011), and destruction of floor and obliteration 

of the sinus (6.3% vs. 0%, p<0.011), while CR was 

better in detecting no-effect (68.8% vs. 62.5%, p< 

0.011), and displacement of the floor of the sinus by 

maxillofacial tumors (12.5% vs. 0%, p<0.011). Both 

modalities showed the same percentage of detecting 

destruction of the floor (18.8% vs. 18.8%) (Figure 6). 

 
Figure 6: MSCT is statistically significantly better in 

detecting obliteration and destruction of floor and 

obliteration of maxillary sinus by maxillofacial tumors 

compared to CR. 

Figures 7a, b and c present findings for a case of 

Ameloblastic Fibroma for a young female patient (9 

years old). She came with slight swelling of the left side 

of the mandible. 

 
Figure 7: Ameloblastic Fibroma in a 9-years old female 

patient. A) An extra oral picture showing an extra oral 

swelling of the left side of the face. B) A cropped panoramic 

image presenting well-defined unilocular radiolucent area in 

the left side of the mandible causing resorption of the lamina 

dura of the related tooth without any information about outer 

cortex and lower border of the mandible. C and D) Two 

coronal MSCT cuts bone window showing multilocular 

radiolucent area in the left side of the mandible causing 

thinning and expansion of the outer cortex and inferior 

border of the mandible without any information about the 

related teeth and its surrounding structures. 

Figures 8A, B and C present findings of a case of 

squamous cell carcinoma of the oral mucosa for a 64 

years male patient who came with mucosal ulceration 

of the lower jaw and history of ill fitted denture. 

Figure 8: Squamous cell carcinoma of the oral mucosa for a 

64 years male patient. A) A photograph showing intra oral 

gingival ulcer with indurated borders and increased 

vascularity opposite to mandibular ridge from the right 1st 

premolar area till left canine area. B) A panoramic 

radiograph showing saucer-shaped destruction with medium 

resorption of mandibular ridge and basal bone involved area. 

Borders are ill-defined with a faint shadow of soft tissue 

mass overlying the resorption. C) Axial MSCT scan bone 

window level showing severe destruction of anterior 

mandibular cortex till right posterior premolars area. Note the 

more lingual destruction at the right side (premolars area); in 

comparison to the extension of the destruction of the buccal 

plate at the same side as well the extension of resorption of 

both plates at the opposite side. 
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Discussion  

As performed by previous studies
(13,14,17)

, the  

maxillofacial tumors were chosen as the target of 

investigation in the current work due to their influence 

and positive social impact on the quality of life and 

survival rate for the affected patients. Tumors are, up 

to date, the material of many researches. Plain 

radiographic techniques are still valid for evaluation of 

jaw lesions. Intra-oral radiographs provide a highly 

detailed image of the teeth and related surrounding 

structures in the area exposed. However, because of the 

size of the film, it cannot be used to examine areas 

larger than 3 cm. Panoramic imaging technique 

includes a broad area with relatively low radiation dose 

than a full mouth survey, and it can be used with 

patients with limited mouth opening.
(14) 

Nair et al 

2007
(15)

 reported that there is much controversy about 

the benefits of using the panoramic images and their 

role in assessment of jaw lesions. Panoramic images 

have to be exposed appropriately in order for the 

technique to be diagnostically productive. Recent 

panoramic machines have automatic controls for 

exposure. However, caution needs to be exercised with 

image acquisition because inappropriate use of the 

technique can result in distorted and blurred images 

full of artifacts that can impede diagnosis. 

On comparison, we found that MSCT was more 

sensitive than CR in almost all of the radiographic 

categories. The most important distinction between the 

two modalities was their ability to detect involvement 

of the soft tissue. There was no statistically significant 

difference between them regarding detection of 

internal structure of the lesion as well as effect on 

cortical bone. Parks 2007
(7)

 proved that CT had 90 - 

95% sensitivity for revealing extensions of mandibular 

and maxillary lesions while CR was reliable only in 

revealing the superio-inferior extensions of mandibular 

benign and malignant lesions. This results go in 

accordance with our results as we found that MSCT 

was 100% superior in revealing superior, inferior, 

anterior and posterior extensions of all cases whether 

benign or malignant - maxillary and mandibular. On 

the other hand, CR revealed exact extension of only 

25% of the whole studied cases. The inferior 

performance of panoramic radiography, extension-

wise, might be attributed to the inherent low resolution 

power, inherent distortion of the produced image and 

the superimposition of the surrounding structures 

especially in the complex maxillary region. 

The higher efficacy of MSCT in diagnosing maxillary 

lesions in comparison to CR was reflected on its ability 

in diagnosing effects on paranasal sinuses specially the 

maxillary sinus. Destruction of the floor of maxillary 

sinus and Ethmoidal sinus and its obliteration by either 

maxillary benign or malignant tumors were best 

revealed by CT that is agreement previous reports
(17)

. 

These authors found that CT was superior than CR in 

the demonstration of the three-dimensional margins of 

oral tumors and in determination of their proximity and 

effect to adjacent vital structures as the paranasal 

sinuses and mandibular canal. 

Finally, for accurate assessment of maxillofacial 

tumors, the emphasis on the importance of 

collaborating the results yielded from history taking, 

clinical observations, radiographic manifestations and 

histopathological findings is highly recommended. A 

thorough and precise choice of the radiographic 

modality to be used that would highly aid in surgical 

planning and best way of treatment of oral tumors is 

recommended, and MSCT proved to be the most 

appropriate option in the present study although future 

bigger studies are required. 

Conclusion 

Radiographic imaging is important in the assessment 

and diagnosis of maxillofacial bone tumors both 

benign and malignant. MSCT scan is a perfect 

modality for accurate detection and localization of the 

lesion, characterization of internal structure of the 

tumor and detection of associated osseous changes 

such as bone remodeling, destruction or periosteal 

reaction and the effects on the surrounding structures. 

MSCT is sufficient for the assessment of most bone 

tumors of the maxillofacial area. However, CR 

provides exceptional evaluation of minute teeth 

involvements, root resorption and destruction or 

thinning of lamina dura accompanying tumors. 
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Abstract 

Background: Sepsis is an important cause of mortality and morbidity in newborns; however, a single reliable 

marker is not available for the diagnosis of neonatal sepsis. Hypothesis and Aim: Hypothesizing their utility as a 

diagnostic/prognostic infection biomarker battery, we aimed to determine serum levels of each of procalcitonin 

(PCT) and highly sensitive C-reactive protein (hs-CRP), and flowcytometric neutrophil CD64 expression, as 

early and sensitive diagnostic/prognostic markers for neonatal sepsis. Patients and Method: 35 septic and 18 

healthy newborns were included in this study. Sepsis patients comprised culture-proven sepsis (CPS; group Ι, n = 

13) or as culture-negative sepsis (CNS; group ΙΙ, n = 22). Investigations utilized blood samples collected at the 

time of diagnosis of neonatal sepsis and after 7 days of therapy, and, specific quantitative immune assay for each 

biomarker. Results: At the time of diagnosis, serum PCT and hs-CRP, and neutrophil CD64 levels in sepsis 

patients were significantly higher than healthy newborns (p<0.05). CPS patients showed significant higher values 

compared to CNS patients that were greatly normalized upon successful therapy. Significant correlation was 

detected among the studied sepsis biomarkers within each group of participants investigated before and after 

antibiotic therapy. Conclusion: Serum levels of PCT, neutrophil CD64, and hs-CRP were elevated in neonatal 

sepsis, particularly for CPS, and can be used as early markers for diagnosis and evaluation of the therapeutic 

efficiency in such cases. El Farargy MSh, Ghoname NF, Soliman NA. Serum Procalcitonin, Highly 

Sensitive C-Reactive Protein and Neutrophil CD64 Expression as Early Predictors of Neonatal Sepsis. 

AUMJ, 2015 January 1; 2(1): 23 - 28. 

Key Words: Neonates, sepsis, culture-proven sepsis, culture-negative sepsis procalcitonin, highly sensitive C-

reactive protein and neutrophil CD64. 

Introduction 

Sepsis is an important complication in the new born 

and continues to be a significant cause of mortality and 

long-term morbidity
(1)

. Diagnosis of neonatal sepsis 

remains as a major challenge because of the non-

specific symptoms and signs which can easily be 

confused with non infectious causes such as apnea, 

hypothermia and respiratory diseases, as well as the 

low sensitivity and specificity of laboratory tests in the 

neonatal period of life
(2)

. The gold standard for 

diagnosis of neonatal sepsis is the time-consuming 

positive microbiological culture. Moreover, microbial 

culture is not reliable as 57% of all newborns with 

bacterial infection yield a negative culture result. In 

this situation, neonates with risk factors for infection 

or clinical suspicion of infection are empirically 

treated with antibiotics. To avoid the unnecessary 

treatment of uninfected neonates or late treatment of 

infection, an early, sensitive and specific laboratory 

test or combination of tests would be helpful to guide 

clinicians in neonatal units for early diagnosis of 

sepsis and to decide whether or not to start 

administration of antibiotics
(3)

.  

CD64 is a cell membrane receptor for the Fc part of 

immunoglobulin (Ig)G (FcγR) expressed on 

monocytes and polymorphnuclear cells (PMNs). CD64 

expression on PMNs increase upon their activation and 

could be a marker of bacterial infection
(4,5)

. PMN 

neutrophil express CD64 protein within one hour of 

first detection of an infection. Therefore, neutrophil 

CD64 is a useful and inexpensive test for improving 

the diagnosis of neonatal sepsis
(6,7)

. Procalcitonin 

(PCT) is the 116-amino acids precursor of calcitonin. 

It is an important acute phase reactant produced by 

monocytes and hepatocytes (they do not have 

maturation system into calcitonin), which begins to 

rise very early (within 3 hours) after exposure to 

bacterial endotoxin in comparison to other markers, 

e.g., C-reactive protein (CRP)
(8)

. PCT level reaches the 

peak at 6 h with plateau at 8 - 24 h, then returns to 

base line within 2 - 3 days
(9)

. Increased levels of CRP 

are observed in response to bacterial infection.  

However, because newborns are unable to produce 
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sufficient amount of acute-phase proteins and respond 

to infection with a smaller increase in CRP compared 

to that in adults, measurement of CRP by a high 

sensitivity analytic method, i.e., highly sensitive CRP 

(hs-CRP) is necessary to get its diagnostic value in 

neonatal infection
(10)

. 

Since biomarkers other than positive PCR or 

microbiological culture detection of the causative 

organism are surrogate and indirect markers, the best 

prediction and/or diagnosis of neonatal sepsis would be 

obtained from using combination of markers
(3)

. This is 

what the present study planned for, measuring three 

sepsis biomarkers, namely PCT, hs-CRP and PMNs 

CD64 in healthy and sepsis suspected neonates to test 

their individual and combined utility in predicting, and 

diagnosing sepsis, and its antibiotic response. 

Patients and Methods 

This study was conducted in Pediatrics, Medical 

Microbiology and Medical Biochemistry Departments, 

Tanta University Medical Center, Tanta, Egypt in the 

period from December 2012 to December 2013 with 

informed consent of the volunteering parents and 

ethical approval from our local Scientific and Ethical 

Committee for Scientific Research Conduct. The 

newborns enrolled were classified as sepsis suspected 

patients (n = 35) and healthy control newborns (n = 

18). Patients were subdivided into culture-proven 

sepsis (CPS; with positive blood culture, n = 13) and 

culture negative sepsis (CNS; with negative blood 

culture plus clinical signs of sepsis, positive screen 

and/or history of infection risk factors, n = 22). Blood 

samples were collected from patients at the time of 

diagnosis (before antibiotic intervention and after 7 

days on antibiotic treatment).  

Inclusion criteria: Newborns showing positive clinical 

signs of sepsis and/or history of factors associated with 

increased risk of infection were included. Clinical 

signs of sepsis were defined as the presence of three or 

more of the following categories: Tachypnea 

(>60/min), retraction, grunting, cyanosis, and 

bradycardia (<100/min), tachycardia (>180/min), 

irritability, lethargy, seizures and apnea. Risk factors 

of sepsis include premature rupture of membrane (in 

term >18 hours, chorioamnionitis, maternal pyrexia, 

maternal urinary tract infection, and foul-smelling 

liquor. Exclusion criteria included congenital 

infections (TORCH) and congenital malformations. 

The routine sepsis evaluation included blood culture, 

complete blood count (CBC), total and differential 

white cell count, and platelet count. Serum recovered 

from clotted blood samples were used to measure hs-

CRP by ELISA kit with minimum sensitivity of 0.1 

mg/L (cat# BC-1119; BioCheck Inc., Foster City, CA, 

USA), and PCT by immunofluorescent assay on 

BRAHMS PCT sensitive Kryptor assay with minimum 

sensitivity of 0.02 ng/ml (cat# B3045001; 

bioMérieux™ Compact Automated Immunoanalyzer, 

Fisher Scientific, Thermo Fisher Scientific, City, 

Country). Flowcytometry utilizing fluorescein-labeled 

human Fcγ-RI/CD64 monoclonal antibody (Cat# 

FAB12571F; R&D systems, Minneapolis, MN) was 

used to measure the expression of neutrophil CD64 in 

EDTA blood samples. The assay was performed at 4 

oC to minimize neutrophil activation. Cells were 

washed three times in an isotonic phosphate buffer 

(supplemented with 0.5% bovine serum albumin) and 

were recovered by centrifugation at 500×g for 5 

minutes. Fifty µL of packed cells were transferred to a 

5 ml tube for staining with the monoclonal antibody 

according to the manufacturer recommendations. The 

cell-associated fluorescence was measured using a 

fluorescence-activated cell sorting Calibur (Becton 

Dickinson, San Jose, CA, USA).  

Statistical analysis: Data was expressed as mean ± SD 

and range. Paired and unpaired Student’s “t” test was 

used for group comparisons of normally distributed 

variables, and the Mann-Whitney U test and Wilcoxon 

signed-rank test were used for comparisons of 

variables with skewed distribution. Statistical analysis 

was done using SPSS statistical package for social 

sciences software version 17 for windows. Values of 

p<0.05 was considered statistically significant. 

Correlation among the investigated parameters in each 

group (healthy neonates, neonates with sepsis, 

neonates with CPS, and CNS) was tested by the non-

parametric Spearman's analysis.   

Results 

Table 1: The demographic and anthropometric 

characteristics of term healthy control newborns (HCN) and 

septic newborns with culture proven sepsis (CPS) and 

culture negative sepsis (CNS). Data shown are n and mean ± 

SDM. There was no statistically significant difference 

among characteristics of these three groups. 

HCN 

 (n = 18) 

CNS 

 (n = 22) 

CPS 

 (n = 13) 

Character 

8/10 12/10 8/5 Sex,  

Male/Female 

2494 ± 621 2414 ± 626 2294 ± 761 Weight,  

gram  

38.3 ± 2.6 37.4 ± 3.3 37.2 ± 4 Gestational age, 

weeks  

Newborns included in the present study included 35 

patients with sepsis and 18 healthy newborns as 

controls for comparison since the investigated 

parameters are not optimized yet for diagnosis. Septic 

patients were further subdivided into those with 
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positive culture proven sepsis (CPS; n = 13) and 

culture negative sepsis (CNS; n = 22). The 

demographic and anthropometric characteristics of 

participants are presented in Table 1. 

Types of bacterial isolates in septic patients which 

showed culture-proven sepsis (CPS) are presented in 

Table 2. The percentage of blood culture-proven septic 

patients among the study group was 37.141%. 

Staphylococcus aureus was the most prevalent 

microorganism in the septic patients.  

Table 2: Bacterial isolates in septic neonatal patients with 

culture proven sepsis (CPS; n = 13; 37.141% of total number 

of patients investigated). Data shown are n and % of the total 

patients’ number. 

Organism n  %  

Coagulase-negative staphylococci 1 2.857 

Staphylococcus aureus 2 5.714 

Klebsiella pneumonia 2 5.714 

Acinetobacter SPP 1 2. 857 

Pseudomonas aeruginosa 2 5.714 

Enterobacter cloaca 1 2.857 

Candida tropicalis 2 5.714 

Streptococcus viridians 2 5.714 

Data of the investigated sepsis biomarkers in both 

studied groups are presented in Table 3. The initial 

PMNs CD64 expression, and hs-CRP and PCT serum 

levels were significantly increased in septic patients as 

compared to healthy newborns. 

Table 3: The initial levels of the investigated serum infection 

biomarkers; high sensitivity C-reactive protein (hs-CRP), 

procalcitonin (PCT), and polymorphnuclear CD64 (PMNs 

CD64) expression, in neonatal septic patients (NCP) and 

healthy control newborns (HCN). Data shown are range 

(mean ± SDM or median/mean rank), t or z, and p values of 

‘t” (for both hs-CRP and CD64) or Mann-Whitney (for PCT) 

tests, respectively.  
Parameter NCP (n = 35) HCN (n = 18) T or z 

(p<) 

PMNs 

CD64 

400 - 620  

(487.13 ± 

52.318) 

100 - 135  

(118.167 ± 

9.612) 

29.532  

(0.001) 

Hs-CRP 

(mg/dL) 

0.510 - 1.800 

 (0.755 ± 0.304) 

0.140 - 0.290 

 (0.219 ± 0.049) 

7.407  

(0.001) 

PCT 

(ng/mL) 

0.490 - 61.000 

 (1.400/35.857) 

0.050 - 0.600 

 (0.275/9.778) 

-5.823 

(0.0001) 

Comparisons of the investigated sepsis biomarkers in 

patient group are presented in Table 4. When septic 

patients were subdivided, at the time of admission, the 

CPS presented with significantly higher levels of the 

three infection biomarkers investigated compared to 

CNS patients. After one week of antibiotic treatment, 

such significant difference comparing culture positive 

and culture negative patients disappeared. However, 

there was highly significant difference comparing the 

culture positive patients before and after the antibiotic 

treatment. It was also rational to expect that the levels 

of the three infection biomarkers was also normalized 

after the administration of antibiotics in the sepsis 

newborns compared to healthy controls. 

Table 4: Comparison of the levels of the investigated serum 

infection biomarkers; high sensitivity C-reactive protein (hs-

CRP), procalcitonin (PCT), and polymorphnuclear CD64 

(PMNs CD64) expression, in septic newborn patients 

subdivided according whether they were culture proven 

(CPS) or culture negative (CNS), as well as, before (B) and 

after (A) one week administration of antibiotic for each. 

Data shown are mean ± SD or range (median), and, t and p 

values of paired and unpaired t-test tests (for CD64 and hs-

CRP), or, z and p values of Mann-Whitney/Wilcoxon Signed 

Ranks tests (for PCT), respectively. 

Parameter CPS CNS t or z (p<) 

CD 64  

B 
519.231 

± 57.186 

468.182 ± 

39.356 

3.129 

(0.004) 

A 
116.909 

± 36.795 

117.409 ± 

7.878 

-0.062 

(0.951)  

Paired t-test t (p<) 
21.212 

(0.001) 

39.530 

(0.001) 
 

hs-CRP 

(mg/dL)  

B 
1.064 ± 

0.305 

0.573 ± 

0.049 

7.464 

(0.001) 

A 
0.314 ± 

0.065 

0.295 ± 

0.066 

0.786 

(0.438)  

Paired t-test t (p<) 
10.940 

(0.001) 

18.953 

(0.001) 
  

PCT 

(ng/mL) 

B 

2.400 - 

61.000 

(9.900) 

0.490 - 

1.700 

(0.855) 

-4.884 

(0.001) 

A 

0.005 - 

0.450 

(0.240) 

0.070 - 

0.490 

(0.210) 

-0.057 

(0.954) 

Wilcoxon 

Signed 

Ranks Test 

z 

(p<) 

-2.934 

(0.003) 

-4.107 

(0.001) 
 

Correlation analysis data of initial levels (before 

treatment) of sepsis biomarkers in CPS sub-group of 

patients is presented in Table 5. All studied biomarkers 

revealed significant positive correlation in the septic 

newborns.  

Table 5: Correlation analysis among sepsis biomarkers 

investigated; high sensitivity C-reactive protein (hs-CRP), 

procalcitonin (PCT), and polymorphnuclear CD64 (PMNs 

CD64) expression, in neonates with culture-proven sepsis 

sub-group of patients before the antibiotic treatment. Data 

presented are r (p< value).  
Parameter PCT  CD 64 

CD 64 0.447 (0.007) - 

Hs-CRP 0.719 (0.001) 0.638 (0.001) 

Discussion  

Culture-proven bacterial infections in newborn infants 

are associated with substantial morbidity and 

mortality. However, a single reliable biochemical 
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marker is not available for the diagnosis of neonatal 

sepsis which is a growing health problem especially 

among low birth weight neonates
(11)

. A rapid 

laboratory test with high specificity for neonatal sepsis 

would be a valuable tool in early diagnosis of sepsis 

for effective reduction of mortality and morbidity 

correlating this disorder. This would also help 

therapeutic decision made to avoid unnecessary 

antibiotic usage
(12)

. 

Procalcitonin (PCT), which is a precursor of calcitonin 

including 116-amino acid polypeptide has been 

indicated the “the champion” so far ,it is undetectable 

in normal conditions, while in cases of infection, it 

increases rapidly produced by extrathyroidal tissues 

such as lung, liver or kidney during inflammation
(13)

. 

There is a significant body of clinical research 

indicating a good diagnostic accuracy for the PCT test 

for discrimination between invasive fungal infection 

and bacterial infection or noninfectious conditions
(14)

. 

PCT expression is related to the severity of bacterial 

infection; hence, it is one of the biomarkers for 

infection, its measurements along with other clinical 

tests for infection might be valuable for determining 

the prognosis of patients
(15)

. 

The PCT result of the current study agreed with those 

reported by Russell et al (2011)
(16)

 who stated that a 

rise in serum PCT is diagnostic and a negative PCT 

may be useful to rule out sepsis in neonates and limit 

hospital stay and antibiotic use for suspected sepsis. 

This finding also, agrees with results reported by 

Mahajan et al (2014)
(17)

. PCT was shown to be useful 

in diagnosis, prognosis and response to treatment of 

patients with neonatal sepsis. Relatively early rise of 

PCT with long plateau of up to 24 h in response to 

sepsis makes this marker ideal for routine diagnostic 

measurement. The sudden rise in PCT level is an 

indicator of sepsis onset and may be more reliable 

marker for early onset neonatal sepsis within the first 

12 hours of life than CRP
(12)

.  

The human immune response is a highly complex and 

delicate balance between pro- and anti-inflammatory 

mechanisms and involves cells as well as cytokines. 

When the immune system is activated, for example by 

bacterial infection, the immune response is normally 

strictly regulated and the pro- and anti-inflammatory 

phases are balanced and synchronized
(18)

. Expression 

of the CD64 antigen on neutrophils has been under 

investigation for some years as a biomarker of 

infection and sepsis. It has several characteristics that 

make it well suited for clinical application: on resting 

neutrophils CD64 expression is low and after 

activation it is significantly upregulated within few 

hours. Once the activation stimulus disappears, CD64 

expression returns to its basal level in few days
(19)

. 

Moreover, CD64 is relatively stable after blood 

collection and the assay is straightforward and requires 

only small sample volume and it is an inexpensive test 

for improving the diagnosis and management of 

neonatal sepsis, also, CD64 expression represents a 

physiological process which plays a key role in the 

innate immune response: neutrophils acting as 

phagocytes
(19)

. 

The results of the present study showed that neutrophil 

CD64 expression was significantly elevated in 

neonatal sepsis as compared to healthy controls and 

correlated with the severity of infection. These 

findings were in agreement with other studies
(15)

 who 

showed that CD64 expression on the surface of the 

neutrophils increases in response to bacterial infection 

in neonatal sepsis
(20)

. Ucar  et al (2008) and Elawady 

et al (2014)
(21,22) 

reported that neutrophil CD64 

expression is an improved diagnostic indicator of 

infection/sepsis and can be used for diagnosis and 

follow up of neonatal sepsis in early phase. 

Subbotovskaia et al (2014)
(6)

 reported that CD64 index 

had the highest area under the curve of all 

hematological variables, with a higher sensitivity and 

specificity for blood culture positive cases.  

Although, in recent years, several new markers of 

infection have been investigated, some studies 

suggested that CRP remains to be the best diagnostic 

test for neonatal sepsis, especially serial measurements 

of CRP are highly specific and sensitive in newborn 

sepsis
(23)

. CRP is a biomarker involved in a variety of 

inflammatory diseases. Although the majority of 

hospitals can widely implement CRP analysis in sepsis 

diagnosis and prognosis, whether CRP is a good 

biomarker for early diagnosis of sepsis or bacteremia 

is still controversial
(24-25)

. CRP is a very sensitive acute 

phase reactant. Serum CRP levels increase following a 

variety of pro-inflammatory events such as infection, 

tissue necrosis, trauma, surgery and even malignancy. 

CRP levels can increase quickly and dramatically 

(often 100 fold) during inflammation. CRP can 

activate compliment, bind Fc receptors and can 

function as an opsonin, enhancing phagocytosis with 

certain infections 
(26)

. Measurement of serum hs-CRP 

improves the diagnosis of neonatal sepsis at early 

stages. The results showing increased hs-CRP in our 

study agreed with previous studies stating that hs-CRP 

is of diagnostic value of early detection of neonatal 

sepsis
(27,28)

. Therefore, clinical diagnostic laboratories 

should consider providing this more sensitive assay for  

The results of the present study and previous studies 

show that the use of combination of several 

measurements and markers of neonatal sepsis clearly 

has benefit in improving diagnostic performance and 
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in particularly assisting in the exclusion of neonatal 

sepsis as a significant cause of neonatal morbidity and 

mortality
(29)

. 

Limitations of the Study and Future 
Prospective 

Exclusion criteria included congenital infections 

(TORCH) and congenital malformations and infection 

parameters were not correlated with type of infective 

organism due to limitation of number of cases with 

specific infection. These points require more future 

investigations. Usage of multiplex PCR test for 

specific detection such prevailing infective agents is a 

prime target for our running investigations.    

Conclusion 

Serum PCT, neutrophil CD64 expression, hs-CRP 

were significantly increased in neonates with sepsis 

compared to healthy controls. The increase was more 

marked in newborns with positive culture proven 

sepsis than neonates with negative culture. Such 

increase was normalized into the normal level after 

one week of antibiotic treatment. These three 

infection/inflammation biomarkers are useful 

diagnostic and follow-up tools for early detection 

and/or exclusion of neonatal sepsis which allow the 

avoidance of unnecessary usage of antibiotics. 

Knowledge Gain  

 Sepsis is an important cause of mortality and 

morbidity in newborns.  

 A single reliable serum or cellular marker is not 

available for the diagnosis of neonatal sepsis.  

 Determination of serum levels of PCT, hs-CRP and 

neutrophil CD64 expression is an early and 

sensitive diagnostic/prognostic marker battery for 

neonatal sepsis. 

Conflict of Interest 

The authors declared no conflict of interests. 

References 

1. Faix JD. Biomarkers of sepsis. Crit Rev Clin Lab Sci., 

2013;50(1):23-36. 

2. Lam HS, Ng PC. Biochemical markers of neonatal 

sepsis. Pathology, 2008; 40(2):141-8.  

3. Stronati M, Bollani L, Maragliano R, Ruffinazzi G, 

Manzoni P, Borghesi A. Neonatal sepsis: new preventive 

strategies. Minerva Pediatr., 2013;65(1):103-10. 

4. Piva JP, Garcia PC. Development of an accurate score to 

predict early-onset neonatal sepsis. Pediatr Crit Care 

Med., 2011;12(2):232-4. 

5. Motta M, Zini A, Regazzoli A, Garzoli E, Chirico G, 

Caimi L, Calarco M. Diagnostic accuracy and prognostic 

value of the CD64 index in very low birth weight 

neonates as a marker of early-onset sepsis. Scand J Infect 

Dis., 2014;46(6):433-9.  

6. Subbotovskaia AI, Krivoshapkina AA, Shilova AN, 

Strunin OV, Kozyreva VS, Efimov AA, Kornilov IA. 

The flow cytometry in diagnostic of sepsis in children of 

first year of life with congenital heart disease and 

operated in conditions of artificial circulation. Klin Lab 

Diagn., 2014;59(7):17-20.  

7. Jia LQ, Shen YC, Hu QJ, Wan C, Wang T, Chen L, Wen 

FQ. Diagnostic accuracy of neutrophil CD64 expression 

in neonatal infection: a meta-analysis. J Int Med Res., 

2013;41(4):934-43. 

8. Streimish I, Bizzarro M, Northrup V, Wang C, Renna S, 

Koval N, Li FY, Ehrenkranz RA, Rinder HM, Bhandari 

V. Neutrophil CD64 with hematologic criteria for 

diagnosis of neonatal sepsis. Am J Perinatol., 

2014;31(1):21-30. 

9. Cetinkaya M, Ozkan H, Köksal N, Akaci O, Ozgür T. 

Comparison of the efficacy of serum amyloid A, C-

reactive protein, and procalcitonin in the diagnosis and 

follow-up of necrotizing enterocolitis in premature 

infants. J Pediatr Surg., 2011;46(8):1482-9. 

10. Edgar JD, Gabriel V, Gallimore JR, McMillan SA, Grant 

J. A prospective study of the sensitivity, specificity and 

diagnostic performance of soluble intercellular adhesion 

molecule 1, highly sensitive C-reactive protein, soluble 

E-selectin and serum amyloid A in the diagnosis of 

neonatal infection. BMC Pediatr., 2010;10:22-37. 

11. Choo YK, Cho HS, Seo IB, Lee HS. Comparison of the 

accuracy of neutrophil CD64 and C-reactive protein as a 

single test for the early detection of neonatal sepsis. 

Korean J Pediatr., 2012;55(1):11-17. 

12. Li HX, Liu ZM, Zhao SJ, Zhang D, Wang SJ, Wang YS. 

Measuring both procalcitonin and C-reactive protein for 

a diagnosis of sepsis in critically ill patients. J Int Med 

Res., 2014;42(4):1050-9. 

13. Wacker C, Prkno A, Brunkhorst FM, Schlattmann P. 

Procalcitonin as a diagnostic marker for sepsis: a 

systematic review and meta-analysis. Lancet Infect Dis., 

2013;13(5):426-435. 

14. Dou YH, Du JK, Liu HL, Shong XD. The role of 

procalcitonin in the identification of invasive fungal 

infection-a systemic review and meta-analysis. Diagn 

Microbiol Infect Dis., 2013;76(4):464-9. 

15. Su L, Han B, Liu C, Liang L, Jiang Z, Deng J, Yan P, Jia 

Y, Feng D, Xie L. Value of soluble TREM-1, 

procalcitonin, and C-reactive protein serum levels as 

biomarkers for detecting bacteremia among sepsis 

patients with new fever in intensive care units: a 

prospective cohort study. BMC Infect Dis., 2012;12:157-

66. 

16. Russell JA, Boyd J, Nakada T, Thair S, Walley KR. 

Molecular mechanisms of sepsis. Contrib Microbiol., 

2011;17:48-85. 

17. Mahajan P, Grzybowski M, Chen X, Kannikeswaran N, 

Stanley R, Singal B, Hoyle J Jr, Borgialli D, Duffy E, 

Kuppermann N. Mahajan P, Grzybowski M, Chen X, 

Kannikeswaran N, Stanley R, Singal B, Hoyle J Jr, 

Borgialli D, Duffy E, Kuppermann N. Procalcitonin as a 

marker of serious bacterial infections in febrile children 

http://www.ncbi.nlm.nih.gov/pubmed/23480440
http://www.ncbi.nlm.nih.gov/pubmed/?term=Piva%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=21646953
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=21646953
http://www.ncbi.nlm.nih.gov/pubmed/21646953
http://www.ncbi.nlm.nih.gov/pubmed/21646953
http://www.ncbi.nlm.nih.gov/pubmed/25346983
http://www.ncbi.nlm.nih.gov/pubmed/25346983
http://www.ncbi.nlm.nih.gov/pubmed/25346983
http://www.ncbi.nlm.nih.gov/pubmed/23456906
http://www.ncbi.nlm.nih.gov/pubmed/23456906
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cetinkaya%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21843712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ozkan%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21843712
http://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%B6ksal%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21843712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Akaci%20O%5BAuthor%5D&cauthor=true&cauthor_uid=21843712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ozg%C3%BCr%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21843712
http://www.ncbi.nlm.nih.gov/pubmed/21843712
http://www.ncbi.nlm.nih.gov/pubmed/?term=Edgar%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=20398379
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gabriel%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20398379
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gallimore%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=20398379
http://www.ncbi.nlm.nih.gov/pubmed/?term=McMillan%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=20398379
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grant%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20398379
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grant%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20398379
http://www.ncbi.nlm.nih.gov/pubmed/20398379
http://www.ncbi.nlm.nih.gov/pubmed/22359525
http://www.ncbi.nlm.nih.gov/pubmed/22359525
http://www.ncbi.nlm.nih.gov/pubmed/22359525
http://www.ncbi.nlm.nih.gov/pubmed/24827825
http://www.ncbi.nlm.nih.gov/pubmed/24827825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Su%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22809118
http://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22809118
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22809118
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22809118
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22809118
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deng%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22809118
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22809118
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jia%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22809118
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jia%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22809118
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22809118
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xie%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22809118
http://www.ncbi.nlm.nih.gov/pubmed/22809118
http://www.ncbi.nlm.nih.gov/pubmed/?term=Russell%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=21659747
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boyd%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21659747
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakada%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21659747
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thair%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21659747
http://www.ncbi.nlm.nih.gov/pubmed/?term=Walley%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=21659747
http://www.ncbi.nlm.nih.gov/pubmed/?term=endocrine+aspect+of+sepsis


El Farargy et al - Serum Procalcitonin, Highly Sensitive C-Reactive Protein and Neutrophil CD64 ……. 

Aljouf University Medical Journal (AUMJ), 2015 January 1; 2(1): 23 -28.  

2015 

younger than 3 years old.  Acad Emerg Med., 

2014;21(2):171-79. 

18. Rittirsch D, Flierl MA, Ward PA. Harmful molecular 

mechanisms in sepsis. Nature Rev Immunol., 

2008;8:776-87. 

19. Hoffmann JJ. Neutrophil CD64 as a sepsis biomarker. 

Biochem Med (Zagreb), 2011;21(3):282-90. 

20. Cid J, Aguinaco R, Sánchez R, García-Pardo G, Llorente 

A. Neutrophil CD64 expression as a marker of bacterial 

infection: A systematic review and meta- analysis. J. 

Infection, 2010; 60:313-19. 

21. Ucar B1, Yildiz B, Aksit MA, Yarar C, Colak O, Akbay 

Y, Colak E. Serum amyloid A, procalcitonin, tumor 

necrosis factor-alpha, and interleukin-1beta levels in 

neonatal late-onset sepsis. Mediators Inflamm., 

2008;2008:737141-8.  

22. Elawady S, Botros SK, Sorour AE, Ghany EA, Elbatran 

G, Ali R. Neutrophil CD64 as a diagnostic marker of 

sepsis in neonates. J Investig Med., 2014;62(3):644-9. 

23. Adly AA, Ismail EA, Andrawes NG, El-Saadany 

MA.Circulating soluble triggering receptor expressed on 

myeloid cells-1 (sTREM-1) as diagnostic and prognostic 

marker in neonatal sepsis. Cytokine, 2014;65(2):184-91.  

24. Lee CC, Hong MY, Lee NY, Chen PL, Chang CM, Ko 

WC. Pitfalls in using serum C-reactive protein to predict 

bacteremia in febrile adults in the ED. Am J Emerg 

Med., 2012;30(4):562-9.  

25. Dritsakou K1, Liosis G, Gioni M, Glynou E, Avdeliodi 

K, Papagaroufalis K. CRP levels in extremely low birth 

weight (ELBW) septic infants. J Matern Fetal Neonatal 

Med., 2015, 28(2): 237-9.  

26. Papa F, Rongioletti M, Majolini MB, Collegiani V, 

Vaccarella C, Notarmuzi ML, Cortesi M, Pasqualetti P, 

Cicchese M, Agostino R, Liumbruno GM. Fast bedside 

measurement of blood count and C-reactive protein in 

newborns compared with conventional methods. Clin 

Lab., 2012;58(9-10):951-7. 

27. Wang HE, Shapiro NI, Safford MM, Griffin R, Judd S, 

Rodgers JB, Warnock DG, Cushman M, Howard G. 

High-sensitivity C-reactive protein and risk of sepsis. 

PLoS One, 2013;8(7): 69232-9. 

28. Luna JM, Moon YP, Liu KM, Spitalnik S, Paik MC, 

Cheung K, Sacco RL, Elkind MS. High-sensitivity C-

reactive protein and interleukin-6-dominant 

inflammation and ischemic stroke risk: the northern 

Manhattan study. Stroke, 2014;45(4):979-87. 

29. Kingsmore SF, Kennedy N, Halliday HL, Van 

Velkinburgh JC, Zhong S, Gabriel V, Grant J, Beavis 

WD, Tchernev VT, Perlee L, Lejnine S, Grimwade B, 

Sorette M, Edgar JD. Identification of diagnostic 

biomarkers for infection in premature neonates. Mol Cell 

Proteomics, 2008;7(10):1863-75.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffmann%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=22420242
http://www.ncbi.nlm.nih.gov/pubmed/22420242
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cid%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20206205
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aguinaco%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20206205
http://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%A1nchez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20206205
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa-Pardo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20206205
http://www.ncbi.nlm.nih.gov/pubmed/?term=Llorente%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20206205
http://www.ncbi.nlm.nih.gov/pubmed/?term=Llorente%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20206205
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ucar%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19043563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yildiz%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19043563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aksit%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=19043563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yarar%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19043563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Colak%20O%5BAuthor%5D&cauthor=true&cauthor_uid=19043563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Akbay%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19043563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Akbay%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19043563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Colak%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19043563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Serum+Amyloid+A%2C+Procalcitonin%2C+Tumor+Necrosis+Factor-%CE%B1%2C+and+Interleukin-1%CE%B2+Levels+in+Neonatal+Late-Onset+Sepsis
http://www.ncbi.nlm.nih.gov/pubmed/?term=Elawady%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24463977
http://www.ncbi.nlm.nih.gov/pubmed/?term=Botros%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=24463977
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sorour%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=24463977
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghany%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=24463977
http://www.ncbi.nlm.nih.gov/pubmed/?term=Elbatran%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24463977
http://www.ncbi.nlm.nih.gov/pubmed/?term=Elbatran%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24463977
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24463977
http://www.ncbi.nlm.nih.gov/pubmed/24463977
http://www.ncbi.nlm.nih.gov/pubmed/?term=Adly%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=24290866
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ismail%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=24290866
http://www.ncbi.nlm.nih.gov/pubmed/?term=Andrawes%20NG%5BAuthor%5D&cauthor=true&cauthor_uid=24290866
http://www.ncbi.nlm.nih.gov/pubmed/?term=El-Saadany%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=24290866
http://www.ncbi.nlm.nih.gov/pubmed/?term=El-Saadany%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=24290866
http://www.ncbi.nlm.nih.gov/pubmed/?term=hs+CRP+as+a+biomarker+for+neonatal+sepsis
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dritsakou%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24670235
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liosis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24670235
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gioni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24670235
http://www.ncbi.nlm.nih.gov/pubmed/?term=Glynou%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24670235
http://www.ncbi.nlm.nih.gov/pubmed/?term=Avdeliodi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24670235
http://www.ncbi.nlm.nih.gov/pubmed/?term=Avdeliodi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24670235
http://www.ncbi.nlm.nih.gov/pubmed/?term=Papagaroufalis%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24670235
http://www.ncbi.nlm.nih.gov/pubmed/24670235
http://www.ncbi.nlm.nih.gov/pubmed/24670235
http://www.ncbi.nlm.nih.gov/pubmed/?term=Papa%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23163111
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rongioletti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23163111
http://www.ncbi.nlm.nih.gov/pubmed/?term=Majolini%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=23163111
http://www.ncbi.nlm.nih.gov/pubmed/?term=Collegiani%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23163111
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vaccarella%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23163111
http://www.ncbi.nlm.nih.gov/pubmed/?term=Notarmuzi%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=23163111
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cortesi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23163111
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pasqualetti%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23163111
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cicchese%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23163111
http://www.ncbi.nlm.nih.gov/pubmed/?term=Agostino%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23163111
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liumbruno%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=23163111
http://www.ncbi.nlm.nih.gov/pubmed/23163111
http://www.ncbi.nlm.nih.gov/pubmed/23163111
http://www.ncbi.nlm.nih.gov/pubmed/23935961
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luna%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=24627113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moon%20YP%5BAuthor%5D&cauthor=true&cauthor_uid=24627113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=24627113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spitalnik%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24627113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Paik%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=24627113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheung%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24627113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sacco%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=24627113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Elkind%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=24627113
http://www.ncbi.nlm.nih.gov/pubmed/24627113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kingsmore%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kennedy%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Halliday%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Velkinburgh%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Velkinburgh%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhong%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gabriel%20V%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grant%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beavis%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beavis%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tchernev%20VT%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Perlee%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lejnine%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grimwade%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sorette%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/?term=Edgar%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=18622029
http://www.ncbi.nlm.nih.gov/pubmed/18622029
http://www.ncbi.nlm.nih.gov/pubmed/18622029


AlSaidan - Altered Levels of Thyroid Stimulating Hormone among Patients with Vitiligo 

Aljouf University Medical Journal (AUMJ), 2015 January 1; 2(1): 29 - 34.  

2015 

Original Article 

Altered Levels of Thyroid Stimulating Hormone among Patients with Vitiligo 

Mohammed AlSaidan 

Dermatology Department, Salman bin Abdulaziz University, AlKharj, Riyadh, Saudi Arabia and King Abdulaziz 

Medical City, Riyadh, Saudi Arabia. 

For Correspondence: dr.saidan@hotmail.com 

Abstract 

Background: The pathogenesis of vitiligo is thought to involve an autoimmune process. Thyroid disorders and 

autoimmune thyroid diseases have been linked to vitiligo. A number of international reports estimated the 

prevalence of thyroid stimulating hormone (TSH) among patients with vitiligo. However, there is a relatively 

lack of such data in Saudi Arabia. Aims: To examine the prevalence of abnormal (high and low) TSH levels and 

the variability by age and gender among patients with vitiligo. Patients and Methods: We conducted a cross-

sectional study among 115 patients diagnosed with vitiligo according to standard criteria. The studied patients 

were attending a phototherapy Unit at the Dermatology Clinic of King Abdulaziz Medical City (KAMC), Riyadh, 

Saudi Arabia, between March and May 2013. Results: The mean ± SDM age was 27.9 ± 15.0 years, with females 

representing 56% of the patients. The mean TSH level was 5.83 ± 17.62 mIU/L. Approximately 24% (28/115) of 

the patients had high TSH values (>4.5 mIU/L) while only 2.5% (4/115) patients had low TSH value (<0.1 

mIU/L). TSH abnormalities (high or low TSH levels) were more commonly seen in older patients and females. 

For example, they were approximately 56% among those ≥45 years compared with approximately 18% among 

those ≤18 years (p = 0.007) and were non-significantly more observed in females compared with males (33% 

versus 22%, p = 0.181). Conclusions: We are reporting a high prevelance of altered TSH levels among patients 

with vitiligo attending an Outpatient Clinic in a Tertiary Care Hospital in Saudi Arabia. Examining TSH levels is 

propapbly a relevant test in patients with vitiligo, specially those with older age. AlSaidan M. Altered Levels of 

Thyroid Stimulating Hormone among Patients with Vitiligo. AUMJ, 2015 January 1; 2(1): 29 - 34. 

Key Words: Vitiligo, Thyroid stimulating hormone, Autoimmune, Thyroid disease, Saudi Arabia. 

Introduction 

Vitiligo is an acquired skin disorder caused by 

selective destruction of melanocytes and characterized 

by macular depigmentation of the skin and mucous 

membranes. It is the most common pigmentation 

disorder with a prevalence of 0.5-1% in several 

populations
(1)

. The disease prevalence shows a high 

variability in different studies; some studies showed 

prevalence as low as 0.17%
(2)

, while other studies 

showed prevalence as high as 8.8%
(3)

. Vitiligo can be 

psychologically devastating for the affected patient 

through its impact on quality of life, marriage, and 

employment
(4,5)

. The precise pathogenesis of vitiligo 

remains not fully understood with reported numerous 

implicated factors
(6)

. However, the pathogenesis of 

vitiligo is thought to involve an autoimmune process 

as evidenced by the detection of circulating 

melanocyte antibodies
(7-9)

. The disease also prevails in 

multiple autoimmune diseases such as autoimmune 

thyroid disease (AITD)
(7)

.  

Thyroid stimulating hormone (TSH) is routinely used 

in diagnosing thyroid diseases. It is elevated in 

hypothyroidism specially Hashimoto's thyroiditis and 

lowered in hyperthyroidism specially Graves' 

disease
(10)

. The level of TSH among patients with 

vitiligo has been examined in a number of studies to 

detect concomitant thyroid disorders. The prevalence 

of hypothyroidism in these studies ranged between 11 

and 28% in different populations
(2,8,11)

. The variability 

in TSH levels in these studies may be related to the 

nature of the studied populations including ethnicity, 

age, stage of the thyroid disease, and normal TSH 

reference used. There is generally lack of published 

data examining the prevalence of TSH abnormalities in 

patients with vitiligo in Saudi Arabia. Local estimation 

of such prevalence may be critical for determining the 

importance of including TSH test among the diagnostic 

panel for patients with vitiligo. The objective of the 

current study was to examine the prevalence of 

abnormal (high and low) TSH levels and the variability 

by age and gender among patients with vitiligo 

diagnosed according to established clinical criteria. 

Patients and Methods 

Setting and population: The current study was 

conducted among patients attending the phototherapy 

Unit at the Dermatology Clinic of the King Abdulaziz 
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Medical City (KAMC), Riyadh between March and 

May 2013. KAMC is an approximately 900-bed 

tertiary care facility that provides healthcare services 

to about 600,000 Saudi National Guard soldiers, 

employees and their families. The care provided 

ranges from primary and preventive care to tertiary 

care. The phototherapy Unit at the Dermatology Clinic 

of KAMC provides care to many patients every month. 

The current study targeted consecutive patients with 

vitiligo diagnosed according to established clinical 

criteria. Male and female patients with different ages 

were included in the study. All patients with any type 

of vitiligo, who were receiving phototherapy at the 

Dermatology Clinic during the study period were 

recruited for the study regardless of their age, gender, 

Fitzpatrick’s skin type, family history, medication 

history or severity of vitiligo. 

Study design: A cross-sectional study was carried out 

between March and May 2013. The study obtained all 

required ethical approvals from the institutional review 

board at KAMC, Riyadh, Saudi Arabia. Outcome 

definition: TSH was measured in all patients and the 

results were expressed in milli-international units per 

liter (mIU/L). Blood samples were collected then sera 

were separated. Serum TSH was quantitatively 

measured using Chemiluminescent Microparticle 

Immunoassay on the Abbott Architect i2000 

immunoassay analyzer (Abbott Laboratories, Abbott 

Park, IL, USA). As most of the studies that estimated 

TSH abnormalities in healthy and sick populations 

estimated the upper limit between 4 and 5 mIU/L and 

the lower limit between 0.1 and 0.4 mIU/L
(12-14)

, we 

used the normal reference of 0.1 and 4.5 mIU/L. 

Therefore, high TSH (hypothyroidism) was defined as 

TSH >4.5 mIU/L and low TSH (hyperthyroidism) was 

defined as TSH <0.1 mIU/L.  

Statistical Analysis: Kolmogorov-Smirnov statistic, 

with a Lilliefors significance level, was used to test for 

normality of TSH level. It was found that TSH is 

following a non-normal distribution. Therefore TSH 

was described as median and inter-quartile range (IQR) 

rather than mean and standard deviation (SD). The 

associations between TSH groups (high or low) with 

age groups and gender were examined using Chi-

square (χ
2
) or Fisher exact, as appropriate. The 

difference in TSH level by age and gender groups was 

examined using non-parametric tests (Kruskal-Wallis 

ANOVA for age groups and Mann-Whitney U test for 

gender groups). All tests were two-tailed and p-value 

of <0.05 was considered significant. SPSS software 

(release 20.0, SPSS Inc., Chicago, USA) was used for 

all statistical analyses. 

 

Results 

Table 1 shows the demographic and clinical 

characteristics of patients with vitiligo seen at KAMC, 

Riyadh between March and May 2013. A total 115 

patients were included in the study. The mean age (± 

standard deviation) was 27.9 ± 15.0 years. The age 

ranged between 5 and 76 years, with a median of 25 

years. Approximately half of the patients (52%) were 

young adults (age between 19 and 44 years) and about 

a third (34%) were children (age up to 18 years). 

Females represented 56%, while males represented 

44% of the study population. The mean (± standard 

deviation) of TSH level was 5.83 ± 17.62 mIU/L.  

Table 1: Demographic data and Thyroid Stimulating 

Hormone (TSH) serum levels of the studied patients with 

vitiligo. Data shown are n, % distribution, median, range and 

mean ± SDM. 

Characteristics Value 

Number of participants 115 

Age (years): 

Range 

Median & Inter-quartile range 

 

5-76 

25 (16-38) 

Age groups, n (%): 

≤18 years 

19-44 years 

≥45 years 

 

39 (33.9%) 

60 (52.2%) 

16 (13.9%) 

Gender, n (%): Male/Female 51 (44.3%)/64 (55.7%) 

Serum TSH, mIU/L:  

Range 

Median & Inter-quartile range 

 

0.01-154.44 

2.26 (1.58 - 4.33) 

TSH groups, n (%): 

Low (<0.1 mIU/L) 

Normal (0.1 - 4.5 mIU/L) 

High (>4.5 mIU/L) 

 

4 (3.5%) 

83 (72.2%) 

28 (24.3%) 

 
Figure 1: Distribution of serum Thyroid Stimulating 

Hormone (TSH) levels (mIU/L) among patients with vitiligo 

investigated. There were three additional outlier points (>40) 

that were not included in the graph for convenience. 

Kolmogorov-Smirnov statistic, with a Lilliefors significance 

level, was used to test for normality. Kolmogorov-Smirnov 

statistic was 0.372 and p<0.001. 
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We examined the normality of TSH distribution as 

seen in Figure 1. Kolmogorov-Smirnov statistic was 

0.372 with p<0.001. This indicated a non-normal 

distribution that is highly skewed to the right with a lot 

of value toward the zero side. Therefore, we calculated 

the median and inter-quartile range at 2.26 (1.58 - 

4.33) mIU/L. Approximately 24% (28/115) of the 

patients had high TSH values (>4.5 mIU/L), while 

only 2.5% (4/115) patients had low TSH value (<0.1 

mIU/L). 

Figures 2 showed TSH levels by age and gender 

groups of the patients with vitiligo. TSH levels were 

higher among those ≥45 years as compared with those 

younger than 45 years. The median (and IQR) of TSH 

levels were 5.04 (1.52 - 8.85) among those ≥45 years, 

2.18 (1.37 - 3.66) among those aged 19 - 44 years, and 

2.26 (1.69 - 3.34) mIU/L among those aged ≤18 years. 

However, the difference did not reach statistical 

significance (p-value of Kruskal-Wallis ANOVA test 

was 0.170). The median (and IQR) of TSH levels were 

slightly higher among females (2.43; 1.46 - 5.23) as 

compared with males (2.09; 1.58 - 3.49) mIU/L. The 

difference was not statistically significant (p-value of 

Mann-Whitney U test was 0.122). 

 
Figure 2: Variation in serum Thyroid Stimulating Hormone (TSH) levels (mIU/L) by age groups (A) and gender group (B) of 

patients with vitiligo investigated. UQR = upper quartile range, and LQR = lower quartile range. 

Table 2 showed the association of age and gender with 

TSH abnormalities (relative to normal reference) 

among the study patients. TSH abnormalities (high or 

low TSH levels) were more commonly seen among 

older patients. For example, those who had had high 

TSH values (>4.5 mIU/L) were approximately 56% 

among those ≥45 years as compared with 

approximately 18% among those ≤18 years (p = 

0.007). Similarly, those who had either high or low 

TSH values (>4.5 mIU/L or <0.1 mIU/L) were 

approximately 63% among those ≥45 years as 

compared with approximately 18% among those ≤18 

years (p = 0.003). TSH abnormalities (high or low 

TSH levels) were slightly more observed in females as 

compared with males (33% versus 22%). However, the 

difference did not reach statistical significance (p = 

0.181). 

Table 2: Demographic characteristics of patients with vitiligo distributed according to their serum TSH levels. Data shown are 

n and % distribution and p value to Fisher exact test comparing normal, low and high TSH groups (p1) and Chi-square (χ2) test 

comparing normal against combined low or high TSH groups (p2).  

Characteristics 

TSH groups 
Fisher 

exact 
p

1
 χ

2
 p

2
 Normal 

(0.1-4.5 mIU/L) 

Low 

(<0.1 mIU/L) 

High 

(>4.5 mIU/L) 

Low or high 

(<0.1 or >4.5 mIU/L) 

Age groups: 

≤18 years 

19-44 years 

≥45 years 

 

32 (82.1%) 0 (0.0%) 7 (17.9%) 7 (17.9%) 

 

 

 

12.14 

 

 

 

0.007 

 

 

 

11.71 

 

 

 

0.003 

45 (75.0%) 3 (5.0%) 12 (20.0%) 15 (25.0%) 

6 (37.5%) 1 (6.2%) 9 (56.2%) 10 (62.5%) 

Gender: 

Male 

Female 

 

40 (78.4%) 1 (2.0%) 10 (19.6%) 11 (21.6%) 

 

 

1.86 

 

 

0.382 

 

 

.79 

 

 

0.181 43 (67.2%) 3 (4.7%) 18 (28.1%) 21 (32.8%) 

Discussion  

The current study is a cross-sectional study conducted 

on a group of vitiligo patients diagnosed in a 

Dermatology Clinic at a Tertiary Care Hospital in 

Saudi Arabia. The study estimated the prevalence of 

serum TSH level abnormalities at approximately 27%, 

with the vast majority of patients classified as high 
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TSH levels (hypothyroidism). The incidence of altered 

TSH levels in the current study was generally higher 

than that reported in previous studies. A review of 6 

studies conducted between 1985 and 2005 showed that 

subclinical hypothyroidism and hyperthyroidism were 

detected in 2 - 20% of adult and pediatric patients with 

vitiligo
(2)

. Additionally, altered TSH levels were 

observed in approximately 18% of a group of 

predominantly female outpatients with vitiligo vulgaris 

in Brazil. In these patients more than 85% of TSH 

level abnormalities were hypothyroidism
(15)

. 

Moreover, hypothyroidism was diagnosed in 11 - 12% 

of patients with vitiligo in India and Canada
(16,17)

. On 

the other hand, the current altered TSH levels were 

similar to some other studies
(8)

. For example, in a 

cross-sectional study among 50 patients with vitiligo 

attending a Dermatology Clinic in India, subclinical 

hypothyroidism without overt disease was detected in 

28% of these patients. In that study, the 

hypothyroidism was even more frequent in patients 

with positive thyroid peroxidase antibody (57%) as 

compared with patients with negative thyroid 

peroxidase antibody (17%), suggesting a strong 

association with thyroid autoimmunity
(8)

. 

Serum TSH level abnormalities (high or low TSH 

levels) in the current study were more commonly seen 

among older patients and females. These associations 

were significant for age but did not reach significance 

for gender. Serum TSH level abnormalities and 

thyroid disease in the general population are known to 

be linked more to females and to older age
(18,19)

. 

Supporting the current results, TSH level 

abnormalities in patients with vitiligo were 

significantly associated with older age at study 

enrollment and at disease onset. In that study, although 

females had more altered TSH levels than males (25% 

vs. 18%), the gender difference was non-significant
(15)

. 

The higher but non-significant trend of altered TSH 

levels in females compared with males was also 

observed in other studies examining adult and 

pediatric patients with vitiligo
(20,21)

. Interestingly, the 

risk of thyroid disease including AITDs in patients 

with vitiligo was associated with female gender and 

older age
(22,23)

.  

The association of vitiligo and autoimmune disorders 

were reported in several studies. In a recent systematic 

review of 48 studies published between 1968 and 

2012, the authors reported significantly higher risks of 

thyroid disease (RR = 1.9), AITD (RR = 2.5), and 

presence of thyroid-specific autoantibodies (RR = 5.2) 

among vitiligo patients compared with non-vitiligo 

patients
(22)

. Similarly, altered TSH levels in patients 

with vitiligo that was estimated in different 

populations between 2% and 28%
(2,8,11,16,17)

 are much 

higher than altered TSH levels in the general 

populations that was estimated at 5.9% (4.6 

hypothyroidism and 1.3 hyperthyroidism)
(19)

.  

Thyroid hormones have an important role in the 

production of reactive oxygen species (ROS) as they 

can change the rate of basal metabolism and 

respiratory rate in mitochondria
(24)

. Oxidative stress 

was hypothesized to be the initial pathogenic event in 

melanocyte destruction or abnormal melanogenesis, 

according to autocytotoxic hypothesis
(25,26)

. In a study 

by Laddha et al, autoimmune factors can exacerbate 

the oxidative stress in vitiligo
(26)

. An association 

between thyroid hormones abnormalities and the 

pathogenesis of vitiligo can be elucidated as thyroid 

hormones affect the cell antioxidant mechanisms in 

different ways, creating a multivariate situation with 

unpredictable outcome
(24)

. Additionally, several 

studies showed that certain genes including those 

involved in oxidative stress and melanin synthesis are 

important in the pathogenesis of vitiligo
(27-29)

. In 

contrast, a study in Egyptian population failed to find 

an association between polymorphisms in two of these 

genes, i.e., catalase and catechol-O-methyl transferase, 

and the susceptibility to vitiligo
(30)

. The level of 

intracellular erythrocytic ROS measured 

flowcytometrically in patients with generalized vitiligo 

is an effective way to differentiate active vitiligo from 

stable phase vitiligo
(31)

. Several other studies assessed 

changes in the level of ROS, cytokines and 

neuropeptides correlating melanocytes degeneration. It 

was found that the antioxidant enzyme glucoe-

6phosphate dehydrogenase activity is reduced
(32)

, 

catalase activity is altered
(33)

, neuropeptides release 

from peripheral nerve endings synergizing with new 

cytokines
(34)

, reduced nuclear factor erythroid 2-related 

factor 2 (Nrf2) nuclear activity correlated melanocytes 

hypersensitivity to H2O2-induced oxidative injury
(35)

, 

and higher serum levels of IL-2 correlating with 

abnormal Nrf2 gene activity
(36)

. 

Potential medications with antioxidative property can 

broaden the therapeutic options for vitiligo treatment. 

Gong et al found that calcipotriol exerted an 

antioxidative effect on melanocytes against oxidative 

damage, with a promising protection in vitiligo
(37)

. 

Moreover, existing NB-UVB phototherapy was found 

to relieve oxidative stress in patients with vitiligo
(38)

. 

More studies are needed for the specific role of thyroid 

disorders in the oxidative stress in patients with 

vitiligo. The recent advances in understanding the role 

of oxidative stress in the pathogenesis of vitiligo 

probably can change the therapeutic options used to 

treat patients with vitiligo, especially if associated with 

thyroid disorders. 
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Limitations of the Study and Future 

Prospective 

Despite the above strengths, a number of limitations 

are acknowledged; A) The healthy control group is 

missing and that could have strengthened the 

hypothesized higher risk of TSH level abnormalities 

among patients with vitiligo, B) Autoimmune 

biomarkers such as antinuclear antibodies and thyroid 

peroxidase antibody were not included, C) The target 

patients attending the phototherapy unit, usually have 

more severe vitiligo than patients who receive topical 

treatment for vitiligo and hence findings should be 

cautiously generalized for vitiligo patients. However, 

this study remains pioneering test that should be 

followed with other large cohort studies to 

comprehensively study AITD among patients with 

vitiligo. Further investigation that address the 

aforementioned deficeincies are mandatory with 

bigger popopulations of particpants. 

Conclusion 

The current study is considered the first study to 

specifically estimate the prevalence of serum TSH 

level abnormalities in patients with vitiligo in Saudi 

Arabia.  This study detected high prevalence of serum 

TSH abnormalities in vitiligo patients and an 

association between such abnormalities with age.  

Knowledge Gain  

 There is a high prevalence of serum TSH level 

abnormailities (low and high) in patients with 

vitiligo attending the phototherapy unit at a 

Tertiary Care Hospital in Saudi Arabia.  

 Examining TSH levels is probably a relevant test in 

patients with vitiligo,  specially those with older 

age. 
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Abstract 

Background: Pleural effusion in decompensated cirrhosis patients is frequently encountered. Although diagnosis 

of hepatic hydrothorax is made empirically in cases hospitalized with cirrhotic ascites and pleural effusion, an 

extensive workup is usually needed to exclude other causes such as malignancy and infection. Aims: The 

frequency, etiology and pattern of pleural effusion in patients with proven liver cirrhosis were determined. 

Patients and Methods: Retrospectively, data of 142 cirrhotic patients admitted to Tropical Diseases Teaching 

Hospital, Omdurman, Sudan from December 2009 to December 2011 were included. Demographic, clinical, 

laboratory and imaging data and the final diagnosis were analyzed. Results: Patients’ age ranged 23-85 years 

(average 51.3). Majority were males (85.2%), married (80.5%), and from rural areas (62%), and 47% of them 

were unemployed. Etiology of liver disease was HBV in 54.2%, alcoholic liver disease in 27.4% and HCV in 

4.2%, and unknown in 14.1%. 22 (15.5%) had pleural effusion; right-sided in 13, left-sided in 6 and bilateral in 3 

patients. The fluid was of transudative nature in 15 (14 hepatic hydrothorax, one congestive heart failure) and 

exudative in 7, one with malignancy and 6 with evidence of infection (3 with tuberculosis, 2 with spontaneous 

bacterial empyema and one parapneumonic empyema). In the 3 tuberculous cases and 3 with hepatic hydrothorax 

(18.75%), the effusion was left-sided. In one case with hepatic hydrothorax, no ascites was detected. Conclusion: 

Although the prevalence of cirrhotic hydrothorax is close to that reported in literature, the frequency of pleural 

effusion of infectious origin is high particularly pleural tuberculosis. Nail AM. Frequency, Etiology and 

Pattern of Pleural Effusion in Patients with Decompensated Liver Cirrhosis in a Highly Endemic Area for 

Tuberculosis: A Sudanese Retrospective Hospital-Based Study. AUMJ, 2015 January 1; 2(1): 35 - 39. 

Key Words: Cirrhosis, Hepatic hydrothorax, Tuberculosis, Spontaneous bacterial empyema, Sudan. 

Introduction 

Liver disease is a common health problem in Sudan. 

The prevalence of hepatitis B virus surface antigen 

(HBsAg) denotes intermediate endemicity in central 

Sudan (6%) to high endemicity in the south (26%)
(1)

. 

Meanwhile, the prevalence of hepatitis C viral 

infection (HCV) ranged from 2.2 to 4.8%
(2)

. In 

addition to, HBV and HCV, alcoholic cirrhosis is an 

important underlying etiology of patients admitted to 

hospitals with post-cirrhotic complications. The 

burden of chronic liver disease on the health resources 

is high.  In a hospital- based study, admitted patients 

with cirrhosis showed a high frequency of 

decompensation (92% ascites and 19% hepatic 

encephalopathy), portal hypertension (8%), 

hepatocellular carcinoma (5%), and spontaneous 

bacterial peritonitis (3%). Pleural effusion is 

frequently encountered in patients with cirrhosis and 

ascites. Although the majority of cases of transudative 

effusion were attributed to hepatic hydrothorax, 

infection is a common sequel resulting in spontaneous 

bacterial empyema with or without peritonitis. While 

hepatic hydrothorax leads to deterioration in the 

quality of life of patients with end stage liver disease, 

infection may predispose to bleeding, encephalopathy 

and sepsis
(3)

.   

Sudan has high burden of tuberculosis (TB) with a 

prevalence of 209 cases per 100,000 of the population 

and 50,000 incident cases during 2009
(4)

. TB is also a 

common co-morbid disease particularly in patients 

with post-viral cirrhosis and human immunodeficiency 

viral infection (HIV). Omdurman, the largest city in 

Sudan, is laying on the western banks of the River 

Nile, opposite the capital, Khartoum. Omdurman has a 

population of 2,395,159 (2008 census) and is the 

national center of commerce. Tropical Diseases 

Teaching Hospital (TDTH) is one of the public 

hospitals in Omdurman city and considered an 

important urban referral center for infectious and 

endemic diseases. It provides medical care to a large 

number of patients with chronic liver disease and other 

endemic infections, as TB, from all over the 

country. As chronic liver disease and TB are common 

infectious disease in Sudan and co-morbid association 
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of both diseases has been reported
(5)

, this study aimed 

to describe cases with decompensated liver disease 

admitted to hospital with pleural effusion. The 

objectives were to determine the prevalence of pleural 

effusion, its etiology and pattern of effusion in relation 

to etiology. The study hypothesized that although 

hepatic hydrothorax is a frequent cause of hydrothorax 

in patients with cirrhotic ascites, effusion caused by 

infection represents a significant proportion due to 

immune deficiency in patients with end stage liver 

disease. 

Patients and Methods 

This retrospective hospital-based study was carried out 

at the Tropical diseases teaching hospital (TDTH) 

Omdurman, Sudan, during the period from December 

2009 to December 2011. One hundred forty two adult 

patients with proven liver cirrhosis were recruited in 

the study. Patients were subjected to complete clinical, 

laboratory and radiological (Chest X-ray and pelvi-

abdominal ultrasound) assessment during their 

admission. The diagnosis of the etiology of pleural 

effusion was carried out through an extensive workup 

including thoracentesis tapping of pleural fluid using 

the standard method to obtain samples for chemical 

analysis, cytological analysis and culture. Pleural fluid 

was analyzed grossly and for sugar, protein, LDH, 

total and differential white cell count and malignant 

cells. Pleural fluid culture and pleural biopsy were 

done in cases with exudative effusions. Light's criteria 

were applied to classify the exudative and transudative 

effusions
(6)

. Pleural fluid culture was done when 

pleural fluid was turbid or there was high neutrophils 

count as well as when the patient was febrile or has 

history of fever. Pleural biopsy was done in those 

cases of exudative effusions where the cause of the 

effusion was not found on pleural fluid analysis. TB 

was diagnosed by the presence of acid fast bacilli in 

fluid or biopsy or caseating granuloma on pleural 

histology.    

Statistics and data analysis: The patients’ data were 

entered into a standardized data sheet for computer 

assisted analysis, using Statistical Program software 

for Social Sciences (SPSS) version 19. The Research 

and Ethics Committee of Tropical Diseases Teaching 

Hospital (TDTH) approved the study (Ethics 

Committee Approval; 25/10/2009, EC, TDTH, 

Omdurman, Sudan). Data presented as frequency, 

percentage, mean and standard deviation. 

Results 

In this study, 142 cases with liver cirrhosis were 

studied, their mean age was 51.3 years and the 

majority were males (85.2%), married (80.5%), and of 

rural origin (62%), and 47% of them were unemployed 

(Table 1). 

Table 1: Demographic characteristics of the studied patients 

with decompensated liver cirrhosis in a Sudanese highly 

endemic area for tuberculosis. Data shown are n, % and 

mean ± SDM. 

Character n (%) 

Age, range (Mean ± SD) 23 - 85 (51.3 ± 15.4) 

Gender  Male 121 (85.20%) 

Female 21 (14.80%) 

Residence  Urban 54 (38.00%) 

Rural 88 (62.00%) 

Occupation Unemployed/

Housewives 

67 (47.00%) 

Workers 30 (21.50%) 

Farmers 28 (19.50%) 

Clerk 17 (12.00%) 

Marital 

status  

Married 114 (80.50%) 

Single 28 (19.50%) 

The etiology of liver cirrhosis among the studied 

patients was HBV in 54.7%, alcohol liver disease in 

27.1%, HCV in 3.7% and unknown in 14.5% (Table 

2). 

Table (2): The etiology of liver cirrhosis in the patients with 

decompensated liver cirrhosis in a Sudanese highly endemic 

area for tuberculosis. Data shown are n and %. PE = Pleural 

effusion. 

 Total 

(n = 142) 

Without PE 

(n = 120) 

With PE 

(n = 22) 

HBV 77 (54.2%) 66 (55%) 11 (50%) 

HCV 06 (4.2%) 03 (2.5%) 3 (13.7%) 

Alcoholic liver 

disease 

39 (27.5%) 34 (28.3%) 5 (22.7%) 

Unknown 

etiology 

20 (14.1%) 17 (14.2%) 3(13.7%) 

Out of 142 cirrhotic patients, hydrothorax was 

detected clinically and confirmed with chest X- ray 

examination in 22 (15.5%) patients. In patients with 

co-morbid effusion, the most common symptoms were 

dyspnea in 9 (37%), dry cough in 6 (24%), chest pain 

in 4 (17%), and fever in 7 patients (30%). The 

qualitative amount of the pleural effusions is shown in 

Figure 1. 

Pleural fluid analysis showed transudative effusion in 

15 and exudative in 7 patients. Effusion was right-

sided in 13 (59.1%), left-sided in 6 (27%) and bilateral 

in 3 patients (13.6%). The 3 cases of bilateral effusion 

were due to malignant effusion, hepatic hydrothorax 

and congestive heart failure, one for each, while left-

sided effusion was found in all of the 3 TB cases and 3 
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with hepatic hydrothorax patients (18.75%). Right-

sided effusion included 12 patients with hepatic 

hydrothorax (complicated by SBEM in two) and 

effusion following pneumonia. Therefore, infection 

was evident in 6 of the 7 cases with exudative 

effusion; infection being pleural TB in 3, post-

pneumonic empyema in one and spontaneous bacterial 

empyema in 2. The 15 cases with transudative effusion 

were related to hepatic hydrothorax in 14 and 

congestive heart failure in one. Two of patients with 

hepatic hydrothorax were diagnosed as spontaneous 

bacterial empyema (Figure 2). 

 
Figure 1: Distribution of the etiology of pleural effusion according to its amount in patients with decompensated liver 

cirrhosis in a Sudanese highly endemic area for tuberculosis. Data shown are the qualitative amount of the pleural effusion 

and n. 

 
Figure 2: Percentage distribution of cirrhotic patients with 

pleural effusion according to etiology in patients with 

decompensated liver cirrhosis in a Sudanese highly endemic 

area for tuberculosis. Data shown are % distribution. 

 

Discussion  

In this study, the majority of patients were from rural 

areas and of low socioeconomic level as evidenced by 

the type of work and residence. The prevalence of 

pleural effusion in patients with cirrhosis is 

comparable to the published reports
(7)

. Among 22 

patients with pleural effusion and decompensated liver 

disease, the etiology was cirrhotic hydrothorax in 

68.2%, tuberculosis in 13.6%, parapneumonic 

empyema, malignancy and congestive heart failure in 

one each (4.6%). Of the 15 patients with hepatic 

hydrothorax, evidence of spontaneous bacterial 

empyema was found in 2 (13.3%). The relative 

frequency of TB and hepatic hydrothorax found in this 

study was close to that reported by Mirouze et al
(8)

. 

The incidence of hepatic hydrothorax in this study is 

(11.3%) close to what is mentioned in other 

studies
(9,10)

, two of which were complicated by 

infection (spontaneous bacterial empyema). However, 

the nature and etiology of effusion in cirrhotic patients 

could reflect the prevalence of other diseases that 

could attribute to fluid collection as infection or 

malignancy. It is worth noting that ¾ of hepatic 

hydrothorax were right-sided. The same pattern of 

distribution was reported by other studies
(11, 12)

. 

Although the pathogenesis of both ascites and pleural 

effusion in cirrhotic patients is the same, the 

predominant collection of the transudative fluid in the 

right pleural space could be explained by the direct 

passage of peritoneal fluid into the pleural space via 

diaphragmatic defects which was found almost in the 

right side as proved in postmortem studies
(13)

.  

The prevalence of SBEM is within the range reported 

by other studies (13 - 16%)
(14, 15)

. Cirrhosis as an 

immunocompromised state precipitates infection that 

accounts for an approximate 30% mortality
(16)

. 

Bacterial infections occur in 32% to 34% of admitted 

patients with cirrhosis compared to 5 - 7% overall rate 

of infection in hospitalized patients
(16, 17)

. TB is often 

associated with poverty, immigration, homelessness, 

overcrowding at the household level or HIV 
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infections
(18, 19)

. Protective immunity against TB 

depends mainly on the delayed cellular 

hypersensitivity response
(20, 21)

. A defect in this type of 

immune response has been shown in patients with 

alcoholic liver disease
(22)

. Liver cirrhosis in itself may 

be a risk factor for development of TB
(5)

, probably due 

to associated malnutrition that can affect the immune 

response
(23)

. In this study, 3 of 6 (50%) of the left-

sided effusion was attributed to pleural TB which is 

considered as an extra-pulmonary type of disease. This 

high frequency of TB pathology of effusion could 

reflect the prevalence of TB in the country and the 

importance of assessment of patients with chronic liver 

disease for associated illness of tuberculous origin. 

The extra-pulmonary involvement nature of 

tuberculosis in patients with cirrhosis is reported by 

Cho et al. 
(24)

.  

In the current study, transudative effusion 

complicating congestive heart failure, was bilateral 

and of moderate amount. The differentiation between 

the congestive heart failure and cirrhotic cause of the 

transudative pleural effusion was based on clinical and 

ultrasonographic basis. In liver cirrhosis with marked 

ascites, edema of lower limbs and congestive neck 

veins could be indistinguishable from that of 

congestive heart failure. In this setting, abdominal 

ultrasonography could show attenuated hepatic veins 

within a coarse texture liver in cirrhosis, while in 

congestive heart failure, a congestive liver and dilated 

inferior vena cava could be seen. However, Wang and 

colleagues found that estimation of pleural effusion 

and serum soluble fas-ligand levels could differentiate 

the etiology of pleural effusion when in patients with 

cirrhosis including causes other than hepatic 

hydrothorax. The lowest level of this marker was 

found in patients with transudative effusion due to 

heart failure
(25)

. Although effusion in congestive heart 

failure was bilateral, as in the case of malignancy, the 

amount of effusion was less than that caused by 

malignancy. Jimenez et al
(26)

 found a significant 

association between massive pleural effusion with 

malignancy and cirrhotic hydrothorax and less 

association with infection or congestive heart failure. 

In this study, the diagnosis of hepatic hydrothorax was 

made in a non-ascetic patient with decompensated 

cirrhosis (Child B). Diagnosis of such case was relied 

upon clinical ground and the transudative nature of 

pleural fluid in absence of other cardiac, pleural or 

lung disease. However, the absence of ascites adds 

difficulty in diagnosis of hepatic hydrothorax despite 

the transudative nature of the pleural fluid. Injection of 

radio-isotope material (99mTchuman serum albumin 

or 99mTc-sulfur colloid) into the peritoneal cavity and 

its tracing in the pleural fluid within hours proved a 

diagnostic value in cases with transudative pleural 

effusion – particularly with diagnosis dilemma such as 

left-sided effusion or effusion without ascites in 

patients known to have cirrhosis
(27)

.  Localization of 

diaphragmatic defects by the new imaging techniques 

such as MRI and CT or thoracoscopy has been 

reported
(14, 28)

. 

Conclusion 

The results of this study points to the high contribution 

of infection in the etiology of pleural effusion in 

cirrhotic patients admitted to hospital. In this study, 6 

out of 7 cases with exudative effusion were attributed 

to infection, 50% of them due to pleural TB. While 

this high frequency of TB is expected by the study 

hypothesis as it reflects its prevalence in the 

community, it also emphasized the importance of 

thoracentesis for every case with cirrhosis admitted to 

hospital with pleural effusion. It is of great importance 

to rely on the clinical as well as simple investigations 

available in this large hospital in a country with 

limited resources. The experience of practicing 

physicians and the high index of suspicion could 

enable early identification and treatment of infectious 

co-morbid illnesses among patients with 

decompensated cirrhosis, thus improving quality of 

life and decreasing mortality. Although left hepatic 

hydrothorax is infrequently encountered in cirrhotic 

patients with ascites (3 of 16), the presence of left-

sided pleural effusion in such patients with cirrhotic 

ascites needs an extensive workup for exclusion of 

other causes.  
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Abstract 

Zygomycosis is not uncommon in immunocompromized patients. We report a Sudanese patient with poorly 

controlled diabetes who presented with Symptoms and signs of acute abdomen. The diagnosis of intestinal 

Zygomycosis was secured after histopathological confirmation. The clinical presentation, diagnosis, and 

treatment options are reviewed. Goravey WGM, Isam H, Ali GAM, Farah M, Elzaki K, Osman E, Aboud O, 

Elhassan AM, Isam M, Hamed H. Zygomycosis of the colon: Case report and review of literatures. AUMJ, 
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Sudanese. 

Introduction 

Zygomycosis is rapidly progressive opportunistic 

fungal infection in an immunocompromized patients
(1)

. 

The clinical presentation depends on the organ 

affected. Mucocutaneous, rhinocerebral, pulmonary, 

gastrointestinal, urological are the reported 

manifestations of Zygomycosis as well as 

disseminated infections. Immunosuppression is the 

major predisposing factor
(2)

. Rhinocerebral 

Zygomycosis is the most common form where 

disseminated and gastrointestinal are not seen 

frequently and prompt diagnosis of this infection 

requires a high index of suspicion
(3)

. The infections are 

characterized by angioinvasive growth, necroses of 

infected tissue and perineural invasion. The 

histopathological analysis demonstrate invasion of 

blood vessels. The mortality of Zygomycosis is very 

high, especially for disseminated disease and when 

immunosuppression cannot be corrected
(4)

.  

We report the present adult Sudanese female that was 

diagnosed as gastrointestinal Zygomycosis and was 

treated accordingly. 

Case Description 

A 36-year-old poorly controlled diabetic lady admitted 

because of severe generalized abdominal pain and 

constipation for 5 days prior to admission. Her past 

medical history is non-contributory apart from her 

diabetes for 20 years. On examination, she was ill, 

febrile and hypotensive. Right lower quadrant 

tenderness with mild rebound was noted. Resuscitation 

was done and her basic blood tests were conducted 

(Complete blood counts, renal profile, urinanalysis, 

Electrocardiogram, total protein and serum albumin 

that were within the references ranges). Her random 

blood sugar was high (311 mg/dL). An abdomen 

computed tomographic radiographic examination 

came suspicious for an intussusception of the large 

colon (Figure 1a). A right hemicolectomy with 

ileotransverse anastomosis was performed, after 

findings a large 7.6 cm diameter mass involving the 

entire cecum with colo-colic intussusceptions and 

obvious bowels ischemia (Figure 1b, c, and d). Her 

postoperative course was complicated by acute renal 

shutdown that required 4 sessions of haemodialysis for 

recovery. Histopathology revealed multiple large non-

septated fungal hyphae. Some of which are surrounded 

by Splendore-Hoeppli phenomenon, consistent with 

intestinal Zygomycosis (Figure 2a, b, and c). 

Considering her renal impairment, the patient was 

treated successfully by 10 weeks of liposomal 

Amphotericin B consistent with her glomerular 

filtration rate (GFR) with maximized diabetic control 

with insulin. Her GFR was 48 mL/min/1.73 m
2
 and 

Liposomal Amphotericin B dose was 1.5 mg/kg q24h. 

Thereafter, her condition was complicated by protein 

energy malnutrition (PEM) and she was managed by 

diet and total parenteral nutrition. She was improved 

remarkably and started her physiotherapy sessions.  

During her admission she developed recurrent urinary 

tract infection with Escherichia coli which was 
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managed according to the culture and sensitivity 

(third-generation cephalosporins then levofloxacin). 

Unfortunately she died after 3 month because of 

hospital acquired pneumonia and overwhelming 

sepsis. 

 

  
Figure 1: Abdomen computed tomographic radiographic (CT) and intraoperative findings of the Sudanese 36-years old female 

lady presented with Zygomycosis of the colon. (a) Axial CT scan of the abdomen showing cecal mass with intussusception 

(Arrow). (b) Intraoperative finding of Ileo-colic intussusceptions with the leading point up to the hepatic flexure (Arrow). (c) 

Released of the intussusception with multiple mesenteric lymphadenopathy (arrow). (d) After releasing the intussusceptions, 

gangrenous bowel was revealed.  

 
Figure 2: Histopathological examination of the bowels mass of the Sudanese 36-years old female lady presented with 

Zygomycosis of the colon. (a) Specimen showing an intense mixed inflammatory cells and scattered multinucleated giant 

cells are seen, within which there are several large non-septated fungal hyphae (Arrow). Some of which are surrounded by 

Splendore-Hoeppli phenomenon (H&E x40). (b) Specimen showing large thin walled non-septated hyphae showing irregular 

branching (Arrow). The appearances suggested Zygomycosis, most likely mucor species (Methanamine Silver stain x40). (c) 

Specimen showing vascular invasion by Zygomycosis (Arrow) (Methanamine Silver stain x40). 

Discussion  

Zygomycosis is presented in a variety of different 

syndromes in immunocompromized patients and those 

with hematologic malignancy and diabetes mellitus in 

particular
(5,6)

. Devastating rhino-orbital-cerebral and 

pulmonary infections are the most common syndromes 

caused by these fungi, whereas, Zygomycosis of the 

gastrointestinal tract are unusual. The ketone reductase 

enzyme of Rhizopus organisms allows them to survive 

in high glucose, acidic conditions. In our patient the 

background history of poorly control diabetes was 
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typical as her medical records revealed many 

admission with uncontrolled diabetes and diabetic 

ketoacidosis, which is the favorite media for the 

Zygomycosis
(7)

. Although unusual, Zygomycosis of 

the gastrointestinal tract may occur as the result of 

ingestion of spores that flourish in 

immunecompromised high glucose acid rich biological 

medium. The stomach is the most common site (58%), 

followed by the colon (32 %). The ileum and 

esophagus are rare sites of involvement. In our patient, 

the site affected is the ileum and the ascending 

colon
(8)

.  

Gastrointestinal Zygomycosis may present with 

abdominal pain and hematemesis. The gastrointestinal 

lesions are necrotic ulcers that can lead to perforation 

and peritonitis. Bowel infarctions and hemorrhagic 

shock can result from this infection. Our patient initial 

presentation with acute abdomen and intestinal 

obstruction is in keeping with the colonic 

Zygomycosis. The intraoperative findings in the 

patient of black ischemic tissues were due to fungal 

vascular invasion. Since Zygomycosis are 

angioinvasive, infarction and gangrene of infected 

tissues is a hallmark of the invasive disease
(9)

.  

The patient’s postoperative days were stormy as it was 

complicated by acute kidney injury. This most likely 

due to acute tubular necrosis caused by loss of 

considerable amount of volume due to her intestinal 

obstruction. Although renal Zygomycosis has been 

reported and is presumed to occur via seeding of the 

kidneys during an episode of fungemia, her clinical 

setting was not suggestive of renal Zygomycosis 

involvement
(10,11)

. The diagnosis of Zygomycosis 

depends on high index of suspicion on appropriate 

clinical settings and is confirmed by identification of 

organisms in tissue by histopathology followed by 

culture. Histopathologic identification of an organism 

with a structure typical of Mucorales may provide the 

only evidence of infection as happened in our 

patient
(12)

. Faster investigational tests have 

demonstrated the feasibility of using polymerase chain 

reaction (PCR)-based techniques on histologic 

specimens
(13,14)

.  

Treatment of Zygomycosis involves a combination of 

surgical debridement of involved tissues and 

antifungal therapy. Elimination of predisposing factors 

for infection, such as hyperglycemia, metabolic 

acidosis and immunosuppressive drugs is also 

critical
(15)

. In our patient the above principals of 

management were applied. The dead necrotic bowels 

were resected and the metabolic condition was 

managed by maximizing the control of the diabetes. 

Intravenous liposomal Amphotericin B was started. 

Early initiation of antifungal therapy was reported to 

improve the outcome
(16,17)

. Therapy should continue 

until there is clinical resolution of the signs and 

symptoms of infection, as well as resolution of 

radiographic signs of active disease. Therapy should 

also continue until reversal of underlying 

immunosuppression has been achieved, when feasible. 

Therapy often extends for months
(18)

. In our patient, 

Amphotericin B dose was adjusted according to GFR 

for 10 weeks. The patient’s nutrition was optimized by 

total parental nutrition. She started to improve and her 

acute kidney injury was recovered. Unfortunately she 

developed pneumonia and deteriorated and despite all 

efforts undertaken she died after 3 months from her 

admission. Reportedly, despite early diagnosis and 

aggressive combined surgical and medical therapy, the 

prognosis for recovery from intestinal Zygomycosis is 

poor with mortality rate of 85%
(19,20)

.  

Conclusion 

We conclude that Zygomycosis should be considered 

in the differential diagnosis of gastrointestinal mass 

lesions or any gastrointestinal manifestations in 

immunocompromized patients. 
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