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The aim of the journal is to announce offer ing of national and international scienti f ic environment and share
high qual i ty research studies,  case studies and reviews conducted in the f ield of anesthesia,  pain medicine,
intensive care and surgical sciences both in Turkey and abroad; and to contr ibute to the development of
scientif ic communication by establ ishing a continuous educational platform.

Scope

Çukurova Anestezi  ve Cerrahi Bi l imler  Dergisi  (J Cukurova Anesth Surg ) is publ ished onl ine three t imes a
year (Apri l ,  August ,  December). Special or supplement series may also be publ ished where necessary.
Manuscripts submitted to the journal are evaluated by independent peer reviews according to double bl ind
peer review system. Scientif ical ly reviewed manuscripts can be freely accessed through the internet without
f inancial ,  legal and technical barr iers.  These manuscripts can be read, downloaded, copied, distr ibuted,
pr inted, scanned, l inked to ful l  texts ,  indexed, transferred as data to the software and used for any legal
purpose. Authors and copyright owners agree that al l  users have freeaccess.
Al l  scienti f ic papers sent to the Çukurova Anestezi  ve Cerrahi Bi l imler Dergisi  should take into account the
recommendations of the International Committee of Medical Journal Editors and the International Standards
for Editors (ICJME) and Authors of the Committee on Publ ication Ethics(COPE).
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Ethical Principles & Publication Policy ı

Scientif ic Responsibi l i ty

In terms of scienti f ic publ ishing standards, the art icles to be submitted should be prepared in accordance with the cr iter ia of the International Medical
Journal Editors Board (ICMJE), Publ ication Ethics Committee (COPE).
https://publ icationethics.org/fi les/Ful l_set_of_flowcharts_Turkey_2017%20%281%29.pdf
http://www.icmje.org/recommendations/browse/roles-and-responsibi l i t ies/responsibi l i t ies-in-the-submission-and-peer-peview-process.html
• The art icles to be submitted must comply with research and publ ication ethics.  The responsibi l i ty of the art icles belongs to their authors.
• Art icles should not have been publ ished anywhere before and / or should not be in the evaluation process for publ ication.
• In order for the evaluation process to begin,  the art icles must be submitted with the Copyright Transfer Form signed by al l  authors.  For author ranking,
the signature order in the Copyright Transfer Form is taken into consideration.
• Corresponding author bears the responsibi l i ty of the f inal version of the art icle on behalf of al l  authors.

Ethical Responsibi l i ty

• Compliance with the Helsinki  Declaration Pr inciples (https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/) is sought in al l
studies involving the element of "Human".  In such studies,  the authors should state that they carr ied out the study in accordance with these principles
in the MATERIAL AND METHODS section,  and that they received approval from the ethics committees of their inst i tut ions and " informed consent" from the
people who part icipated in the study.
• I f  the i tem "Animal"  is used in the study, the authors should be informed in the MATERIAL AND METHODS section of the Guide for the Care and Use of
Laboratory Animals (https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use- of-laboratory-animals.pdf),  they should state that they
protect animal r ights in their work and that they get approval from the ethics committees of their inst i tut ions.
• In case presentations,  " informed consent"  should be obtained from the patients.
• Ethics committee approval information should be stated in the MATERIAL and METHODS section,  together with the name, approval date and number of
the committee.
• I f  there is a direct-indirect commercial connection or f inancial support inst i tut ion in the study, the authors; used commercial product ,  drug, company,
etc. They should indicate to the editor on the presentation page that they have no commercial relat ionship with or what k ind of relat ionship
(consultant ,  other agreements) they have.
• Authors are responsible for report ing al l  personal and f inancial relat ionships related to the study. I t  must be clearly declared whether there is any
confl ict of interest associated with the appl ication and / or evaluation of the art icle.
• The authors are responsible for the compliance of the art icles with scientif ic and ethical rules.

1 .  Authors

Authors must comply with al l  authorship pol icies and confl ict of interest statements detai led in Sections I IA and B of this document.

    a.  Predatory or Fake Journals

These are cal led predatory journals because of the rapidly increasing numbers of journals cal led 'scienti f ic journals '  but that publ ish al l  the posts for a
fee without any screening for prof it .  I t  has become more important to maintain some standards in scienti f ic journal ism. For this reason, our journal
fol lows the recommendations of organizations such as ICMJE, COPE and WAME and complies with the standards.

2. Journals

    a.  security
Manuscripts submitted to journals are priv i leged communications that are the private,  confidential property of the author ,  and authors can be harmed
by premature disclosure of any or al l  the detai ls of a manuscript .
For this reason, editors should not share with anyone other than the authors and reviewers whether i t  has been handled and reviewed, i ts content and
status in the review process,  including the reviewers '  cr i t ique and eventual fate. Requests from third part ies to use reviews in manuscripts and legal
proceedings should be pol i tely refused, and editors should do their best not to provide such confidential material  as subpoenas.
Editors should also make it  clear that the reviewers must keep the manuscripts ,  related materials ,  and information they contain str ict ly confidential .
Reviewers and editor ial  staff should not publ icly discuss the author 's work ,  and reviewers should not endorse the ideas of the authors prior to
publ ication. Reviewers should not keep the art icle for their personal use and should destroy the hard copies of the art icles and delete the soft copies
after submitt ing their reviews.
When an art icle is rejected, i t  is best practice for journals to delete copies from their editor ial  systems unless local regulat ions require retention.
Journals that maintain copies of rejected manuscripts should disclose this practice in the Authors '  Notice.
When an art icle is publ ished, journals should retain copies of the or iginal submission, review, revision,  and correspondence for at least three years,  and
possibly permanently ,  depending on local regulat ions,  to answer future questions about the work.
Editors should not publ ish reviewers '  comments without the permission of reviewers and authors.  I f  journal pol icy wi l l  protect authors against the
reviewer 's identity and comments are not signed, that identity should not be disclosed to the author or others without the express written consent of
the reviewers.
Confidential i ty may need to be breached if  fraud or al leged fraud is present ,  but editors notify authors or reviewers of their wi l l ingness to do so, and
confidential i ty should be honored otherwise.

    b.  T iming
Editors should do their best to ensure that manuscripts are processed in a t imely manner with the resources avai lable to them. I f  editors are going to
publ ish an art icle ,  they should try to do it  on t ime and planned delays should be negotiated with the authors.  I f  a journal has no intention of continuing
an art icle ,  editors should try to reject the art icle as soon as possible to al low the author to submit i t  to a different journal .       
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Ethical Principles & Publication Policy ıı

 c.  Peer Review
Peer review is a cr it ical evaluation of manuscripts submitted to journals by experts who are not usual ly part of the editor ial  staff .  Peer review is an
important extension of the scientif ic process,  as impart ial ,  independent ,  cr i t ical evaluation forms the core of al l  scienti f ic work ,  including scientif ic
research.
The true value of peer review is debated, but the process faci l i tates a fair hearing for an art icle among members of the scientif ic community.  More
practical ly ,  i t  helps editors decide which art icles are appropriate for their journal .  Peer review often helps authors and editors improve the qual i ty of
their report ing.
I t  is the editor 's responsibi l i ty to ensure that reviewers have access to al l  material  related to the review of the manuscript ,  including addit ional material
for email-only ,  for selection of appropriate reviewers,  and to ensure that reviewer reviews are appropriately evaluated and interpreted in context .
A peer-reviewed journal is not obl igated to submit art icles submitted for review and is not obl igated to fol low up on reviewers '  suggestions,  posit ive or
negative. The editor of a journal is ult imately responsible for the selection of al l  content ,  and editor ial  decisions may be made aware of matters
unrelated to the qual i ty of a manuscript ,  such as journal relevance. An editor may reject any art icle at any t ime, including after i t  has been accepted
when concerns about the integrity of the work ar ise.
Journals may differ in the number and types of art icles they submit for review, the number and types of reviewers they seek for each art icle ,  whether
the review process is open or bl ind, and other aspects of the review process. For this reason, and as a service to authors,  journals should publ ish a
descript ion of the peer review process.
Journals should ult imately review their decision to accept or reject a paper and acknowledge the reviewers '  contr ibution to their journals.  Editors are
encouraged to share reviewers '  comments with reviewers of the same art icle so that reviewers can learn from each other during the review process.
As part of peer-review, editors are encouraged to review research protocols ,  stat ist ical analysis plans i f  separate from the protocol ,  and/or contracts
related to project-specif ic studies. Editors should encourage authors to make such documents publ ic at the t ime of or after publ ication before
accepting such work for publ ication. Some journals may require these documents to be publ icly posted as a condit ion of their acceptance.
Log requirements for independent data analysis and avai labi l i ty of publ icly avai lable data were publ ished during this revision; this ref lects evolving
views on the importance of data avai labi l i ty for pre- and post-publ ication peer review. Some journal editors currently request stat ist ical analysis of
tr ial  data by an independent biostatist ician before accepting studies for publ ication. Others encourage or request authors to share their data with
others for review or reanalysis ,  whi le others indicate whether study data may be used by third part ies for viewing and/or reanalysis .  Each journal
should establ ish and publ ish i ts own specif ic requirements for data analysis and registrat ion in a place easi ly accessible to potential  authors.
Some people bel ieve that true scientif ic peer review only begins when a paper is publ ished. In this regard, medical journals should have a mechanism
for readers to submit comments,  questions or cr i t ic isms on publ ished art icles,  and authors should respond appropriately and cooperate with requests
for journal data or request addit ional information regarding the paper.  occurs after publ ication (see Chapter I I I) .

   d.  Integrity
Editor ial  decisions should be based on the relevance of a manuscript to the journal and its contr ibution to the evidence for i ts or iginal i ty ,  qual i ty ,  and
important questions. These decisions should not be inf luenced by business interests ,  personal relat ionships,  or agendas, or by f indings that are
negative or credibly question accepted wisdom. In addit ion,  authors should submit for publ ication or make it  publ icly avai lable,  and editors should not
consider publ ication,  exclude studies with f indings that are not stat ist ical ly s ignif icant or have inconclusive f indings. Such studies may provide
evidence that evidence pooled with other studies through meta-analysis can st i l l  help answer important questions,  and publ ic recording of such
negative or inconclusive f indings may prevent unintended dupl ication of effort or other researchers considering similar studies. can be valuable to
Journals should clearly outl ine the appeals process and have a system in place to respond to appeals and complaints.

   e.  Journal Metr ics
Journal impact factor is widely misused as a proxy for research and journal qual i ty and as a measure of the benefits of research projects or individual
researchers,  including their el igibi l i ty for recruitment ,  promotion, hir ing, awards, or research funding. The ICMJE recommends that journals reduce the
emphasis on impact factor as a single measure,  instead offer ing a set of art icles and journal metr ics related to their readers and authors.

3. Reviewers
Manuscripts submitted to journals are priv i leged communications that are the private,  confidential property of the author ,  and authors may suffer from
early disclosure.
Therefore,  the reviewers should keep the art icles and the information they contain str ict ly confidential .  Reviewers should not publ icly discuss the
author 's work and properly write down the authors '  ideas before the art icle is publ ished. Reviewers should not keep the art icle for their personal use
and should destroy the copies of the art icles after reviewing them.
Reviewers are expected to respond promptly to review requests and submit reviews within the agreed t imeframe. Reviewers '  comments should be
constructive,  honest ,  and pol i te.
Reviewers must declare confl icts of interest and withdraw themselves from peer review if  there is a confl ict .
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Plagiarism policy

The journal ’ ‘Çukurova Anestezi  ve Cerrahi Bi l imler Dergisi ’ ’  are committed to publ ishing only or iginal material ,  i .e . ,  material  that has neither been
publ ished elsewhere,  nor is under review elsewhere.
The journal ’ ‘Çukurova Anestezi  ve Cerrahi Bi l imler Dergisi ’ ’  uses software to detect instances of overlapping and similar text in submitted manuscripts:
Manuscripts in which plagiarism or textual borrowings are found without reference to the or iginal source are rejected by the editor ial  board for
publ ication in the journal .

P lagiarism before publ ication

The journal ’ ‘Çukurova Anestezi  ve Cerrahi Bi l imler Dergisi ’ ’  wi l l  judge any case of plagiarism on its own merits .  I f  plagiarism is detected, either by the
editors ,  peer reviewers or editor ial  staff at any stage before publ ication of a manuscript - before or after acceptance, during edit ing or at page proof
stage, we wi l l  alert the author(s), asking her or him to either rewrite the text or quote the text exactly and to cite the or iginal source. I f  the plagiarism
is extensive - that is ,  i f  at least 25% of the or iginal submission is plagiarized - the art icle may be rejected and the author 's inst i tut ion/employer
notif ied.

Pol icy of checking for plagiarism

The manuscripts in which plagiarism is detected are handled based on the extent of plagiarism present in the manuscript:  i f  < 25% plagiarism – the
manuscript is immediately sent back to the authors for content revision,  and if  > 25% plagiarism – the manuscript is rejected without editor ial  review.
The authors are advised to revise the plagiarized parts of the manuscript and resubmit i t  as a fresh manuscript .  The percentage of plagiarism is
calculated by software and also assessed manual ly .

Plagiarism after publ ication

If  plagiarism is detected after publ ication,  the Journal wi l l  conduct an invest igation. I f  plagiarism is found, the journal editor ial  off ice wi l l  contact the
author 's inst i tute and funding agencies. The paper containing the plagiarism wi l l  be marked on each page of the PDF. Depending on the extent of the
plagiarism, the paper may also be formally retracted.

Recommendations for avoiding plagiarism

Use quotation marks around words taken verbatim from a source Change no part of quotation within the context of the sentence Use single marks for a
quotation within a quotation Use el l ipses (a space and three periods) for a part of the quotation omitted. Use brackets around added words L imit the
use of direct quotes
Attempt to paraphrase the information, or summarize the information derived from a variety of sources using own words.
Authors are responsible for obtaining copyright permission for reproducing i l lustrat ions,  tables,  f igures taken from other authors and/or source.
Permission must be placed at the foot of each f igure.

Self-Plagiarism

Some authors have written several chapters for several different books that are changed only sl ight ly .  Each manuscript is copyrighted when publ ished.
Because the author no longer owns the r ights to these words,  one should not plagiarize them. Most editors and reviewers would argue that self-
plagiarism is unethical .  Thus,  an author cannot copy one’s own material for a new manuscript without permission of the copyright holder.  Alternatives
include using quotes around short phrases of own work and cit ing appropriate references.
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cc-by-nc-nd

Çukurova Anestezi  ve Cerrahi Bi l imler Dergisi  adheres to the Budapest Open Access Init iat ive and defines i ts Open Access pol icy according to the
definit ion developed in the or iginal BOAI: By “open access” to [peer-reviewed research l i terature],  we mean its free avai labi l i ty on the publ ic internet ,
permitt ing any users to read, download, copy, distr ibute,  pr int ,  search, or l ink to the ful l  texts of these art icles,  crawl them for indexing, pass them as
data to software,  or use them for any other lawful purpose, without f inancial ,  legal ,  or technical barr iers other than those inseparable from gaining
access to the internet i tself .  The only constraint on reproduction and distr ibution,  and the only role for copyright in this domain,  should be to give
authors control over the integrity of their work and the r ight to be properly acknowledged and cited.
 1 .  On pol icy
1 . 1 .  Every inst i tut ion of higher education should have a pol icy assuring that peer-reviewed versions of al l  future scholarly art icles by faculty members
are deposited in the inst i tut ion’s designated repository.  (See recommendation 3. 1  on inst i tut ional repositor ies.)

Deposits should be made as early as possible ,  ideal ly at the t ime of acceptance, and no later than the date of formal publ ication.
University pol icies should respect faculty freedom to submit new work to the journals of their choice.
University pol icies should encourage but not require publ ication in OA journals ,  and should help faculty understand the difference between
deposit ing in an OA repository and publ ishing in an OA journal .
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1. Introduction

Pediatric stone disease (PSD) is a major problem in urology 
practice today. The incidence and characteristics of stones show 
wide geographical variation in children.1 PSD is endemic in Turkey, 
Pakistan, and some South Asian, African, and South American coun-
tries. However, epidemiological studies have shown that the inci-
dence of pediatric stone disease is also increasing in the Western 
world.2–4 A major contributor to the morbidity associated with 
nephrolithiasis is disease recurrence. Stone recurrence increases 
the morbidity of nephrolithiasis. Pediatric patients constitute a 
high-risk patient population that because of followed carefully due 
to the risk of stone recurrence for many years.5  

Therefore, postoperative follow-up and treatment management 
are also of great importance. It is known that 25-50% of children 
with nephrolithiasis undergo surgical intervention.6,7 Common pro-
cedures for nephrolithiasis include extracorporeal shockwave lith-
otripsy (SWL), retrograde intrarenal surgery (RIRS) with ureter-

oscopy (URS), and percutaneous nephrolithotomy (PCNL). Open, 
laparoscopic, and robot-assisted laparoscopic surgery are rare and 
performed in selected patient groups.1 With the advancement of 
technology, stone management has shifted from open surgical ap-
proaches to less invasive endoscopic techniques. Treatment de-
pends on the number, size, location, type, and anatomy of the uri-
nary tract.8,9 

There are many different treatment options for urinary tract 
stones. The majority of urologists intervene in urinary tract stones 
in adult patients. However, this may differ in pediatric patients. 
Therefore, we conducted a survey among urologists in Turkey to 
find out which diagnostic and therapeutic methods urologists 
choose for stones of different localization and size in pediatric pa-
tients of varying age groups. 

Aim: Many different treatment options exist for pediatric stone disease (PSD). We conducted a survey among 

urologists in Turkey to find out which diagnostic and therapeutic methods urologists choose for stones of different 

localization and size in pediatric patients of varying age groups. 

Methods: A survey on treatment options in various PSD was developed for urologists working in hospitals of 

different status. The survey consisted of 42 multiple-choice questions, and the average response time was 5 

minutes. The measure taken to avoid repetitive responses was that the survey could only be completed once from 

an internet protocol. 

Results: The number of respondents was 95. 91.67%, 89.47%, and 80.21% of the participants preferred ultraso-

nography as the diagnostic method in the 0-2, 2-6, and 6-18 age ranges, respectively. In treating staghorn kidney 

stones between 0-2 and 2-6 years, mini percutaneous nephrolithotomy (PCNL) was preferred most frequently, 

followed by standard PCNL. In all age groups, shockwave lithotripsy was the most common procedure for symp-

tomatic pelvic stones smaller than 10 mm, followed by retrograde intrarenal surgery in the second frequency. 

Endoscopic surgery was the most preferred method for bladder stones smaller than 2 cm in all age groups. 

Conclusion: The management of urinary tract stones in pediatric patients involves a complex set of processes. 

The sole aim is not to achieve stone-free management. Urologists in Turkey act following the guidelines. However, 

this is not always possible due to the lack of facilities. The necessary facilities for urologists need to be improved. 
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2. Materials and Methods 
 
The study was conducted in compliance with the principles of 

the Declaration of Helsinki and additional approval was obtained 
from the Ethics Committee of Çukurova University, Medical Faculty, 
Adana, Turkey (2023-138/63). 

Based on the EAU (European Association of Urology) 2023 
guidelines 1,10 for various forms of PSD, a survey on treatment op-
tions in various PSD was developed for urologists working in hospi-
tals of different status. The survey included the title and experience 
of the urologist in charge. The respondents were also asked about 
the imaging modalities used in different age groups and the treat-
ment modalities for kidney stones (pelvis, lower pole calyx, stag-
horn), ureteral stones (upper and lower), and bladder stones. 
The survey consisted of 42 multiple-choice questions (Table 1), and 
the average response time was 5 minutes. The measure taken to 
avoid repetitive responses was that the survey could only be com-
pleted once from an internet protocol address. 

After ethics committee approval the survey was sent to urolo-
gists nationwide via e-mail and mobile application. Participants' re-
sponses were then collected and analyzed. Categorical variables 
were expressed as numbers and percentages. The chi-square test 
was used to compare categorical variables between groups. All anal-
yses were performed using IBM (Armonk, NY, USA) SPSS Statistics 
Version 20.0 statistical software. The level of statistical significance 
for all tests was set as p < 0.05. 
 
 

 
The questions asked in the survey 

 
1. What is your title? 
2. Where do you work? 

3. How many years are you in your profession? 
4. Have you done a minor in pediatric urology? 

5. In your daily practice, which imaging modality do you prefer first for 

diagnostic purposes in pediatric stone patients aged 0-2 years? 
6. In your daily practice, which imaging method do you prefer first for 

diagnostic purposes in pediatric stone patients aged 2-6 years? 

7. In your daily practice, which imaging method do you prefer first for 
diagnostic purposes in pediatric stone patients aged 6-18 years? 

8. Which surgical methods do you use in pediatric stone disease between 0-2 

years of age? (you can select more than one option in this question) 
9. Which surgical methods do you use in pediatric stone disease between 2-6 

years of age? (you can select more than one option in this question) 

10. Which surgical methods do you use in pediatric stone disease between the 
ages of 6-18? (you can select more than one option in this question) 

11. Which of the following treatment methods would you prefer for staghorn 

kidney stones in patients aged 0-2 years? 
12. Which of the following treatment methods would you prefer for staghorn 

kidney stones in patients aged 2-6 years? 

13. Which of the following treatment methods would you prefer for staghorn 
kidney stones in patients aged 6-18 years? 

14. Which of the following treatment modalities would you prefer for <10 mm 

symptomatic pelvic stones in patients aged 0-2 years? 
15. Which of the following treatment modalities would you prefer for 

symptomatic pelvic stones <10 mm in patients aged 2-6 years? 

16. Which of the following treatment methods would you prefer for <10 mm 
symptomatic pelvic stones in patients aged 6-18 years? 

17. Which of the following treatment methods would you prefer for 

symptomatic pelvic stones of 10 - 20 mm in patients aged 0-2 years? 
18. Which of the following treatment methods would you prefer for 10 - 20 

mm symptomatic pelvic stones in patients aged 2-6 years? 

19. Which of the following treatment methods would you prefer for 10 - 20 
mm symptomatic pelvic stones in patients aged 6-18 years? 

20. Which of the following treatment methods would you prefer for > 20 mm 

symptomatic pelvic stones in patients aged 0-2 years? 
21. Which of the following treatment methods would you prefer for 

symptomatic pelvic stones > 20 mm in patients aged 2-6 years? 

22. Which of the following treatment methods would you prefer for > 20 mm 

symptomatic pelvic stones in patients aged 6-18 years? 

23. Which of the following treatment modalities would you prefer for 

symptomatic 10-20 mm lower pol calyx stones in patients aged 0-2 years? 

24. Which of the following treatment methods would you prefer for 10-20 mm 
symptomatic lower pol calyx stones in patients aged 2-6 years? 

25. Which of the following treatment methods would you prefer for 10-20 mm 

symptomatic lower pol calyx stones in patients aged 6-18 years? 
26. Which of the following treatment modalities would you prefer for 

symptomatic lower pol calyx stones <10 mm in patients aged 0-2 years? 

27. Which of the following treatment modalities would you prefer for 
symptomatic lower pol calyx stones <10 mm in patients aged 2-6 years? 

28. Which of the following treatment modalities would you prefer for 

symptomatic lower pol calyx stones <10 mm in patients aged 6-18 years? 
29. Which of the following treatment modalities would you prefer for 

symptomatic upper ureter stones in patients aged 0-2 years? 

30. Which of the following treatment modalities would you prefer for 
symptomatic upper ureteral stones in patients aged 2-6 years? 

31. Which of the following treatment modalities would you prefer for 

symptomatic upper ureteral stones in patients aged 6-18 years? 

32. Which of the following treatment modalities would you prefer for 

symptomatic lower ureteral stones in patients aged 0-2 years? 

33. Which of the following treatment modalities would you prefer for 
symptomatic lower ureteral stones in patients aged 2-6 years? 

34. Which of the following treatment modalities would you prefer for 

symptomatic lower ureteral stones in patients aged 6-18 years? 
35. Which of the following treatment methods would you prefer for > 2 cm 

bladder stones in patients aged 0-2 years? 

36. Which of the following treatment methods would you prefer for > 2 cm 
bladder stones in patients aged 2-6 years? 

37. Which of the following treatment methods would you prefer for > 2 cm 

bladder stones in patients aged 6-18 years? 
38. Which of the following treatment methods would you prefer for < 2 cm 

bladder stones in patients aged 0-2 years? 

39. Which of the following treatment methods would you prefer for < 2 cm 
bladder stones in patients aged 2-6 years? 

40. Which of the following treatment methods do you prefer for < 2 cm 

bladder stones in patients aged 6-18 years ? 
41. Which of the following do you apply in pediatric stone patients in your 

daily practice? (you can select more than one option in this question) 

42. In your daily practice, which imaging method do you prefer for the first 
postoperative control in pediatric stone patients? 

 
 
 

 
Preferred diagnostic methods in different age groups 

 

 

*DG: Direct Radiography, US: Ultrasonography, CT: Computed Tomography 
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Figure 1 

 
 

2



Akdogan et al.   Volume 8 Issue 1 2025 https://dergipark.org.tr/en/pub/jocass   

 

3. Results 

 
The number of respondents was 95. Of the participants, 11.46% 

were assistants, 46.96% were specialists, 3.12% were lecturers, 
11.46% were assistant professors, 19.79% were associate profes-
sors, and 5.21% were professors. A total of 39.58% of the partici-
pants worked in university hospitals, 25% in training and research 
hospitals, 17.71% in state hospitals, and 17.71% in private hospi-
tals. 91.67%, 89.47%, and 80.21% of the participants preferred ul-
trasonography (US) as the diagnostic method in the 0-2, 2-6, and 6-
18 age ranges, respectively. Intravenous pyelography (IVP) was not 
preferred by any participant (Fig. 1). In response to the question 
"Which surgical methods do you use in pediatric stone disease?", 
URS was preferred most frequently between the ages of 0-2 and 2-6 
years, followed by mini PCNL; between the ages of 6-18 years, URS 
was preferred most frequently, followed by RIRS and mini PCNL in 
equal proportions In treating staghorn kidney stones in the 0-2 and 

2-6 age groups, mini PNL was preferred most frequently, followed 
by standard PCNL. In treating staghorn stones between the ages of 
6 and 18, standard PCNL was preferred most frequently, followed 
by mini PCNL. Surgical treatment of staghorn kidney stones in dif-
ferent age groups was performed independently of both the place of 
duty and titles (p > 0.05) (Table 2).  

In all age groups, SWL was the most common procedure for 
symptomatic pelvic stones smaller than 10 mm, followed by RIRS, 
which was the second most frequently used. For symptomatic pelvic 
stones between 10-20 mm in all age groups, mini PCNL was the most 
commonly used method, followed by RIRS in second place. The most 
frequently used method for symptomatic pelvic stones larger than 2 
cm was mini PCNL in all stone groups. For symptomatic lower pole 
calyx stones 10-20 mm, mini PCNL was the most frequently used 
method in all age groups.

 
 

 
Preferred treatment methods for staghorn kidney stones in different age groups 

 

Age 

groups 
Treatment Methods 

Title  

Resident 

(%) 

Specialist 

(%) 

Lecturer 

(%) 

Assistant 

Professor 

(%) 

Associate 

Professor 

(%) 

Professor 

(%) 
p 

0-2 

Follow up 9.1 0 0 0 0 0 

0.595 

SWL 0 4.3 0 0 0 0 

Standard PCNL 18.2 8.5 0 20 10.5 20 

Mini PCNL ( <22 F ) 54.5 70.2 100 70 78.9 80 

Micro PCNL 9.1 12.8 0 10 5.3 0 

Laparoscopic surgery 0 0 0 0 5.3 0 

Open Surgery 9.1 4.3 0 0 0 0 

2-6 

Follow up 9.1 0 0 0 0 0 

0.762 

SWL 0 4.3 0 9.1 0 0 

Standard PCNL 9.1 13 33.3 18.2 11.1 20 

Mini PCNL ( <22 F ) 72.7 71.7 33.3 72.7 83.3 80 

Micro PCNL 9.1 6.5 0 0. 5.6 0 

Open Surgery 0 4.3 33.4 0 0 0 

6-18 

Follow up 9.1 0 0.0 0 0 0 

0.168 
Standard PCNL 63.66 53.2 66.7 81.8 31.6 40 

Mini PCNL ( <22 F ) 18.2 44.7 33.3 18.2 68.4 60 

Micro PCNL 9.1 2.1 0 0 0 0 

*SWL: Shock Wave Lithotripsy, PCNL: Percutaneous Nephrolithotomy 
 
 
 

 
Rates of stone surgery according to title 

 

  Age groups 

Title   

Resident 

(%) 

Specialist 

(%) 

Lecturer 

 (%) 

Assistant 

Professor (%) 

Associate 

Professor (%) 

Professor 

(%) 
p 

Those who 

perform stone 

surgery 

0-2 27.3 42.6 0 36.4 15.8 0 

0.007 2-6 18.2 31.9 0 36.4 10.5 0 

6-18 9.1 14.9 0 0 10.5 0 

 

 

 
 

Table 2 

Table 3 
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Rates of stone surgery according to place of duty 

 

  Age groups 

Place of Duty   

University Hospital 

(%) 

Training and 

Research 

Hospital 

(%) 

State Hospital 

(%) 

Private Hospital 

(%) 
p 

Those who perform 

stone surgery 

0-2 23.7 33.3 41.2 35.3 

0.364 2-6 21.1 29.2 29.4 17.6 

6-18 7.9 8.3 17.6 11.8 

 

 

 

 
Proportions of those who perform metabolic screening and stone analysis and those who do neither, according to the title 

 

  Title   

  

Resident 

(%) 
Specialist (%) 

Lecturer 

(%) 

Assistant 

Professor 

(%) 

Associate 

Professor 

(%) 

Professor (%) p 

Metabolic Screeners 54.5 61.7 66.7 63.6 73.7 60 0.392 

Stone Analyzers 90.9 72.3 100 100 84.2 100 0.157 

Those Who Do Neither 9.1 19.1 0 0 15.8 0 0.479 

 

 
For symptomatic lower pole calyx stones smaller than 10 mm, 

RIRS was the most used method in the 0-2 and 6-18 age groups, 
whereas SWL was the most frequently used method in the 2-6 age 
group. URS was the most used method for symptomatic upper and 
lower ureteral stones in all age groups. For bladder stones larger 
than 2 cm, endoscopic surgery was the preferred method in the 0-2 
and 2-6 age groups, while endoscopic surgery and percutaneous 
surgery were equally preferred in the 6-18 age group. Endoscopic 
surgery was the preferred method for bladder stones smaller than 
2 cm in all age groups. In different age groups, performing stone sur-
gery was related to title (p = 0.007) (Table 3) but not to place of 
duty (p = 0.364) (Table 4). In daily practice, 82.29% of the partici-
pants recommended stone analysis and 63.54% recommended met-
abolic screening, while 13.54% did neither. When we looked at the 
rates of performing stone analysis according to the place of work, 
92.1% of those working in university hospitals, 79.2% of those 
working in training and research hospitals, 52.9% of those working 
in state hospitals, and 94.1% of those working in the private hospital 
performed stone analysis (p = 0.002). On the other hand, performing 
metabolic screening and stone analysis did not depend on title (p = 
0.392, p = 0.157, respectively) (Table 5). At the first postoperative 
visit, 93.75% of the participants preferred US. 
 
 

4. Discussion 

 
In PSD, the guideline 11 strongly recommends direct radiography 

(DG) and US as primary for diagnosis and follow-up. In line with the 
guidelines, urologists preferred US the most. However, contrary to 
expectations, DG was less frequently preferred. IVP was not chosen, 
indicating that urologists had abandoned this diagnostic modality. 

We believe that non-contrast CT should be selected in preoperative 
patients. We know that CT provides excellent anatomical infor-
mation and has high specificity. However, some studies 12,13 in the 
literature recommend CT as the first diagnostic method for PSD be-
cause it is the gold standard diagnostic method. Radiation is a major 
problem for pediatric patients. Therefore, US should be performed 
first, at least to determine urgent conditions such as hydronephrosis 
and pyonephrosis. This way, pediatric patients will be protect pedi-
atric patients from unnecessary radiation exposure in non-emer-
gency situations. For children for whom non-contrast CT is planned, 
it is also strongly recommended in the guideline 11 that CT should be 
low dose. Urologists should consider this recommendation and pre-
fer low-dose, non-contrast CT in children. 

In general, URS is the most commonly used surgical method in 
PSD because it is easily accessible to most urologists and minimally 
invasive. EAU guidelines 11 recommend PCNL for kidney stones 
larger than 2 cm. Participants in the study generally follow the 
guideline recommendations. In staghorn kidney stones, mini PCNL 
is performed more frequently in patients aged 0-2 and 2-6 years be-
cause the kidney is relatively smaller. Between the ages of 6 and 18, 
standard PCNL is preferred more frequently as the kidney ap-
proaches adult size. In addition, although AUA (American Urology 
Association) guidelines 10 states that SWL can be performed in pe-
diatric patients for stones larger than 20 mm, a ureteral catheter 
(Double J) or percutaneous nephrostomy should be placed before 
the procedure. Since this method requires extra intervention in pe-
diatric patients, it has not been a preferred treatment method. The 
fact that the surgical treatment of staghorn kidney stones can be 
performed independently of both the place of duty and title suggests 
that the experience of urologists in Turkey is similar. 

In the literature, stone-free rates ranging from 57% to 97% in 

Table 4 

Table 5 
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the short term and 57-92% in the long term after SWL are available. 
9,14,15 Following the guideline 11 recommendations, symptomatic 
pelvic stones smaller than 10 mm in diameter are treated with SWL 
in all age groups, with the endourological methods (RIRS and PCNL) 
being the second most common treatment modality. We can con-
clude that urologists who prefer RIRS as the first treatment method 
may not have the opportunity to perform SWL or may be unable to 
perform SWL due to contraindications. The fact that SWL requires 
anesthesia in pediatric patients is a relative disadvantage. 

Recent guidelines 11 recommend SWL / PCNL / RIRS as the first 
choice of surgical treatment for 10-20 mm pelvic stones. SWL is 
more likely to require more than one session. For this reason, we 
believe that mini PCNL is the first preferred method among the par-
ticipants. RIRS was chosen as the second method of choice. The aim 
is to make patients stone-free with the minimum number of ses-
sions possible. 

Although observation or SWL is recommended as the first choice 
for lower pol stones smaller than 10 mm in the recently published 
guideline 11 the participants used SWL as the first choice and RIRS 
as the second choice only for patients between 2 and 6 years of age. 
In other age groups, RIRS was preferred most frequently. We know 
that the success of SWL is lower pole stones than for stones in other 
localizations due to the location. For this reason, the participants 
may prefer RIRS over SWL. 

In previous studies, the stone-free rate with URS ranged be-
tween 82% to 100%. 16,17 However, endoscopic surgery via the ret-
rograde route is relatively more complex for upper ureteral stones. 
Middle and lower ureteral stones can be removed more easily with 
URS. Participants reported URS as their first choice for symptomatic 
ureteral calculi in all age groups. However, guideline 11 recommends 
SWL as the first-line treatment for upper ureteral stones. 

There are three different methods for the surgical treatment of 
bladder stones: endoscopic (transurethral/percutaneous), SWL, 
and open surgery. Guidelines 11 recommends that endoscopic meth-
ods should be preferred primarily. Participants frequently pre-
ferred endoscopic methods, following guideline recommendations 
and in their daily practice.    

The statistical difference in stone analysis according to the place 
of duty is likely due to the inadequacy of facilities in state hospitals. 
The conditions of state hospitals should be improved. The fact that 
stone analysis and metabolic screening are independent of the title 
shows that urologists perform stone analysis when they have suffi-
cient facilities. 

US, which is not as effective as computed tomography in stone 
detection, is preferred as a postoperative control imaging method 
because it is easily accessible to urologists, does not involve radia-
tion, and provides reliable information about the condition of the 
collecting system.  

 
 

5. Conclusion 
 

The management of urinary tract stones in pediatric patients in-
volves a complex set of processes. The sole aim is not just to achieve 
stone-free management. Since children are in a high-risk group, pre-
vention of recurrence is equally important, along with stone analy-
sis and metabolic evaluation. Urologists in Turkey generally follow-
ing the guidelines. However, this is not always possible due to a lack 
of facilities. The necessary facilities for urologists need to be im-
proved. 
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1. Introduction

Temporomandibular joint (TMJ) dislocation; can be defined as 
bilateral or unilateral displacement of the mandibular condyle from 
the articular surface of the temporal bone (glenoid fossa).1 

 TMJ dislocation can occur as a result of trauma or without 
trauma. Yawning may occur because of the patient having a seizure 
or by the forceful excessive opening of the jaw. However, it can also 
occur iatrogenically as a result of pressure applied during dental 
treatments or during medical interventions such as endotracheal 
intubation, bronchoscopy, and laryngoscopy.2,3-7 

 Determining the risk factors for TMJ dislocation during the eval-
uation of the patients is important in determining the risk of recur-
rence that may occur after treatment. Among the risk factors; are 
previous dislocations, structural or anatomical disorders, connec-
tive tissue disorders affecting stability, neurodegenerative or neuro 
dysfunctional disorders, increasing age, and changes in the patient's 
tooth structure.3,4,8,9 

 TMJ dislocation has an incidence of approximately 3% of all dis-
locations in the body. Its annual incidence has been reported as 5.3 
in 1,000,000 patients admitted to the emergency department 
[ED].10,11 When the literature is examined, the predominance of the 

female gender is observed and it is thought that this situation may 
be related to hormonal imbalance.12 

 Anterior dislocations usually develop due to atraumatic causes. 
It is the most common type of mandibular dislocation. Posterior, lat-
eral, and superior dislocations, which are less common, are usually 
associated with high-energy trauma. Bilateral TMJ dislocation was 
observed more frequently than unilateral dislocation.13 TMJ disloca-
tions; can be defined as acute or recurrent chronic. Chronic disloca-
tions are defined as non-self-limiting and progressive dislocations.14 
Chronic dislocations are dislocations that generally last longer than 
3 days. However, there is no definite consensus on this issue. Treat-
ment of chronic recurrent dislocations usually requires open sur-
gery. Acute dislocations: It is usually treated with closed reduction. 
Before the reduction procedure, sedation and muscle relaxant 
medication may be required.15-17 

 In the evaluation of the patient with TMJ dislocation at the emer-
gency service application; Stabilizing the airway, respiration, and 
circulation without wasting time and intervention in life-threaten-
ing situations should be a priority.18 If there is a fracture or chronic 
dislocation as a result of physical examination and imaging, consul-
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tation with the relevant clinics may be appropriate. Patients with 
serious injuries may require surgical reduction.19,20 

 On physical examination, there may be tenderness in the pre au-
ricular region and deviation of the chin in the TMJ region. During a 
physical examination, the mandible should be examined for sym-
metry to determine whether the dislocation is unilateral or bilateral. 
It should be noted that bilateral dislocations will cause an open, 
fixed chin appearance in the midline. Physical examination of supe-
rior dislocations usually reveals a protrusion in the pre auricular 
and temporal regions of the face. It should be kept in mind that the 
trigeminal nerve [5th cranial nerve], facial nerve [7th cranial nerve], 
and vestibulocochlear nerve [8th cranial nerve] may be damaged in 
patients with superior dislocation.2,21 

 A patient with TMJ dislocation in the emergency department 
may require sedation to reduce pain and anxiety before reduction. 
Short-acting benzodiazepines [Midazolam] and opioid analgesics 
such as fentanyl can be used. The use of propofol for procedural se-
dation is beneficial for TME reduction due to its short half-life and 
antiemetic effect.22 Local anesthetic application to create nerve 
block can also be considered as other options that can be used be-
fore reduction. Infiltration of the TMJ capsule with masseter periph-
eral nerve block and deep temporal nerve can be accomplished by 
reducing muscle spasm and pain and allowing minimal painful re-
duction.23 

 History and physical examination are usually sufficient for the 
diagnosis of TMJ dislocations. Therefore, radiological evaluation 
may not be necessary. Computed tomography [CT] scanning is the 
imaging modality of choice in the presence of an uncertain diagnosis 
or suspected fracture.24 Imaging is absolutely necessary after reduc-
tion, as an iatrogenic fracture may occur following severe manipu-
lation of the mandible during its reduction. For women of childbear-
ing age, a pregnancy test should be performed prior to imaging.2 

 Patients can usually be discharged after successful reduction. 
After reduction, patients should be fitted with a head-chin bandage 
or a rigid neck brace to prevent re-dislocation. Patients who have 
undergone successful reduction should be advised not to open their 
mouths wide [greater than 2 cm] for 1-3 weeks. In patients who 
have undergone reduction, care should be taken to support the jaw 
while yawning.2,25 

  
 

2. Materials and Methods 
 
In our single-center retrospective study, all patients who applied 

to the emergency department of our hospital between January 2016 
and April 2022 due to mandibular dislocation were initially in-
cluded in the study. The analysis was performed using the S03.0 
[Jaw dislocation] code, which is included in the ICD [International 
statistical classification of diseases and related health problems] 
coding system from the hospital computerized database. A total of 
287,187 patients were admitted to the Emergency Department of 
our hospital between the dates of the study. Between the specified 
dates, a total of 139 patient applications due to mandibular disloca-
tion were detected and evaluated. Patients who required open sur-
gery were excluded from the study. 

As a result of the evaluation, those who applied with the same 
name and ID number in different time periods were evaluated as re-
current dislocations, and a total of 67 patients were included in the 
study. 

 Descriptive statistical evaluation was performed. The age, gen-
der, presence and number of previous jaw dislocations, the side of 
the jaw dislocation [right, left and bilateral], the method used in the 

reduction, the mechanism of the jaw dislocation [traumatic and non-
traumatic], and whether drugs were used before reduction were 
recorded. Continuous variables were analyzed using mean±stand-
ard deviation, minimum and maximum values, while categorical 
data were analyzed using percentages and frequencies values. The 
association among categorical data was evaluated using the Chi-
Square, Fisher's Exact test statistic. 

 The research protocol was reviewed and approved by Clinical 
Research Ethics Committee. The study was performed according to 
the Declaration of Helsinki. 

 
 

3. Results 

 
A total of (n=67) patients who applied to our emergency clinic 

due to jaw dislocation between January 2016 and April 2022 were 
recorded. 31 (46.3%) of all patients were evaluated as first-time 
dislocations and 36 (53.7%) recurrent dislocations. 

 The patients were divided into two groups, first dislocation 
(Group 1) and recurrent dislocation (Group 2). When we evaluated 
the jaw dislocations according to the gender of the patients, we 
observed that the female gender was more affected in both first-
time and recurrent dislocation patients. When we evaluated the 
direction of the jaw dislocation, it could not be evaluated because 
the patients could not show the direction of the dislocation 
(superior, anterior, posterior or lateral). Since mandibular 
dislocations were recorded and questioned as right, left and 
bilateral in our records; Bilateral dislocations were the most 
common in patients with first-time jaw dislocation 29(93.5%)) as 
well as in patients with recurrent dislocations 34 (94.4%). 

This study was conducted to determine the etiological causes of 
patients with jaw dislocation as evidenced by radiological 
evaluation. The cases that occurred as a result of the patients falling 
while walking, hitting their chin on a vehicle, being beaten by 
someone else, falling from a bicycle, and those that occurred due to 
trauma from an epileptic seizure were recorded as traumatic jaw 
dislocation.  Patients with jaw dislocation that occurred 
spontaneously, i.e. without any identified traumatic event, were 
categorised as non-traumatic cases. 

When we evaluated the groups, it was found that traumatic 
causes 19(61.3%) were more common in first-time jaw dislocations, 
and non-traumatic causes were more common in recurrent 
dislocations 27(75%). When we evaluate the causes of mandibular 
dislocation according to gender; It was seen that the most common 
cause in women was yawning 33(67.3%) and the most common 
cause in men was trauma. Data on first time or recurrent jaw 
dislocations are shown in Table 1, and data on the mechanism of 
chin dislocation according to the gender of the patients are shown 
in Table 2. 

 Our hospital provides service to all age groups who apply in the 
emergency department trauma department. The mean age of our 
patients in group 1 was 33.84±19.44 years old, mean age in group 2 
was 33.94±18.05 years old, the youngest patient was 5 years old, 
and the oldest patient was 88 years old. The median age of the 
patients was 27. 

 Jaw reduction was performed using the Hippocratic method in 
all patients admitted to the study with mandibular dislocation. 
Midazolam was administered for sedation in 6 (9%) patients during 
chin reduction. Medication was not administered to the remaining 
61 (91%) patients. After the reduction, the patients were discharged 
with a Barton bandage. 
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Evaluation of demographic data of patients between groups 

 

 

First time 

dislocation  

[Group 1) n=31 

Recurrent dislocation 

[Group2) 

n=36 

Total 

n=69 
p 

Gender 
Female 24(%77.4) 25(%69.4) 49(%73.1)  

0.583x2 
Male 7(%22.6) 11(%30.6) 18(%26.9) 

Direction of Jaw Dislocation 

Right 2(%6.5) 1(%2.8) 3(%4.5) 
 

0.505x2 
Left 0 1(%2.8) 1(%1.5) 

Bilateral 29(%93.5) 34(%94.4) 63(%94) 

Presence of trauma 
Yes 19(%61.3) 9(%25) 28(%41.8) 

0.003x2 
No 12(%37.8) 27(%75) 39(%58.2) 

Cause of Jaw Dislocation 

Simple Fall 2(%6.5) 2(%5.6) 4(%6) 

0.003x2 
Yawning 12(%37.8) 27(%75) 39(58.2) 

Trauma 17(%54.8) 5(%13.9) 22(%32.8) 

Epilepsy 0 2(%5.6) 2(%3) 

Presence of Pre-Reduction 

Drug Use 

Yes 28(%90.3) 33(%91.7) 61(%91) 
0.05 x2 

No 3(%9.7) 3(%8.3) 6(%9) 

Age  33.84±19.44 33.94±18.05 
33.90±18.56 

Min=5 Max=88 
 

x2 Pearson Chi-square 

 
 

 
Evaluation of the jaw dislocation mechanism according to the gender of the patients 

 

 
Female 

n=49(%73.1) 

Male 

n=18(%26.9) 

Total 

n=67 
P 

Simple Fall 4(%8.2) 0 4(%6) 

0,04 x2 
Yawning 33(%67.3) 6(%33.3) 39(%58.2) 

Trauma 12(%24.5) 10(%55.6) 22(%32.8) 

Epilepsy 0 2(%11.1) 2(%3) 

x2 Pearson Chi-square 

 
 

4. Discussion 

 
Temporomandibular joint (TMJ) dislocation is a rare condition 

of the facial skeleton. The incidence rate of TMJ dislocation among 
whole body dislocations is approximately 3%. The annual incidence 
rate associated with emergency service admissions was found to be 
between 25-53/100.000 in studies.1,2 Our study revealed that TMJ 
dislocations constitute 48/100,000 of all emergency department 
trauma admissions. This rate was consistent with the literature. 

  It is extremely important to analyze the etiology of TMJ disloca-
tion, to take the correct history, and to diagnose the signs and symp-
toms correctly so that the treatment can be performed as soon as 
possible without delay.23 When we evaluated the etiology of TMJ 
dislocations of our patients, we observed that the most common 
non-traumatic causes were 39 (58.2%) both in first-time and recur-
rent dislocations. While trauma was less common in the develop-
ment of recurrent dislocation with first-time dislocation, non-trau-
matic causes were more common and were statistically significant 
(P=0.003) 

  When we examine the formation mechanism of jaw dislocation 
according to the gender of the patients; we observed that both first-

time and recurrent dislocations were more common in women 49 
(73.1%)). Although there are different results in the literature re-
garding the distribution of TMJ dislocations by gender, it is under-
stood that it is generally more common in women.14,26 

  However, when we look at the distribution of causes of TMJ dis-
location by gender, we found that non-traumatic causes (such as 
yawning) were more common in females 33(67.3%)), while trau-
matic causes were more common in males 10 (55.6%)). The differ-
ence was statistically significant (p=0.04). When we analyzed the 
etiological cause of TMJ dislocations between the groups, it was 
found that the most common cause in group 1 with jaw dislocation 
was due to trauma with 17 (54.8%) in the group with recurrent dis-
location. On the other hand, we observed that the most common 
cause was 27 (75%) non-traumatic stretching, which was statisti-
cally significant (p=0.003) 

  Babatunde O Akinbami stated in a systematic review of 128 ar-
ticles that the most common etiological cause was trauma with 
60%.27 In a study by Giorgos Papoutsis et al. in Switzerland, they 
stated that although the etiopathogenesis of spontaneous disloca-
tion is generally unknown, it often occurs in association with yawn-
ing and less frequently after mild facial trauma.14 Prechel et al. an-

Table 1 

Table 2 
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other review noted that the most common triggers of TMJ disloca-
tion were daily activities associated with wide opening of the mouth, 
such as yawning, laughing, or biting.13 

  When we evaluate the direction of the dislocation in the TMJ 
dislocation; bilateral dislocations were more common in 29 (93.5%) 
patients in the first-time dislocation group and 34 (94.4%) in the 
recurrent dislocation group, which is consistent with the litera-
ture.14,26,28 

  When we scan the literature; the most commonly used tech-
nique for reduction in patients with TMJ dislocation is the Hippo-
cratic reduction method.13,27,29,30 In our study, all our patients were 
reduced by an emergency medicine specialist in the emergency 
room. All patients were reduced by the Hippocratic method. During 
the reduction, midazolam was given to 6 patients in total, 3 in each 
group, for sedation. When we look at the literature, we observed 
that the frequency of sedation and analgesia use is not high.14,28 Af-
ter the reduction, all patients were discharged with the Barton 
Bandage applied. Since the patients did not come to the emergency 
room for control after they were sent, long-term follow-up could not 
be done. It has been observed in the literature that there is no stand-
ard treatment method for TMJ dislocation, but early reduction is the 
most effective way.28 
 
4.1. Limitations 

The single-center retrospective nature of our study can be con-
sidered as a limitation. The fact that the pain levels of the patients 
were not questioned, the anatomical aspect of the joint dislocation 
could not be shown by the patients (anterior, posterior, superior or 
lateral), and the comparison of manual reduction methods can be 
considered as limitations. Since it is recommended that patients go 
to the relevant specialty for follow-up after treatment in the emer-
gency department, the lack of long-term follow-up can also be con-
sidered as a limitation. 

 
 

5. Conclusion 
 

Although emergency physicians rarely encounter TMJ disloca-
tions, they need to be familiar with TMJ dislocations and treatment 
options to ensure patient comfort and joint function. It is also sup-
ported by the literature that early reduction is effective as soon as 
possible. For this reason, it is thought that medical history and phys-
ical examination are essential in TMJ dislocations, and that early 
manual reduction will be successful after physicians receive ade-
quate training. It should not be forgotten that patients with recur-
rent TMJ dislocations who apply to the emergency department 
should be referred to the relevant clinics for treatment after reduc-
tion.  

  In addition, the low need for sedation-analgesia and imaging, 
high reduction success, when performed with the appropriate tech-
nique, support that reduction applications can also be performed in 
primary health care institutions. 
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1. Introduction

Pediatric cardiac surgery is associated with a significant risk of 
bleeding and often requires allogeneic blood transfusion. Anemia 
and coagulopathy are observed perioperatively in neonates and 
children undergoing cardiac surgery due to complex congenital 
heart disease and prolonged cardiopulmonary bypass (CPB)1. Cor-
rected gestational age, weight, degree of cyanosis and/or intracar-
diac mixing, immaturity of the hemostatic system, degree of he-
modilution, hemostatic alterations and activation of the coagulation 
system induced by CPB are central features in the management of 
bleeding and coagulopathy in this special group of patients. Exces-
sive blood loss and consumption of blood products are inevitable in 
patients with complex congenital heart disease. However, anatomi-
cal and physiological variations in children and differences in surgi-
cal approaches, CPB techniques and perioperative management be-
tween centers make it difficult to generalize patient blood manage-
ment2-4. Studies in children undergoing cardiac surgery are mainly 
observational and the results do not provide high quality evidence. 

Allogeneic blood transfusion can be a life-saving intervention for 
neonates and children with massive hemorrhage or severe anemia. 
However, transfusion of blood products is associated with pulmo-
nary complications, thrombosis, transfusion-associated circulatory 
overload, allergic reactions, prolonged mechanical ventilation, pro-
longed ICU and hospital stay, infectious risks and mortality5-7. Chil-
dren are also at higher risk of transfusion-related complications 
than adults8. Therefore, minimizing transfusion may be beneficial in 
pediatric cardiac surgery patients.   

Patient blood management strategies aim to optimize the care of 
patients who require transfusion. Efforts to correct preoperative 
anemia and coagulopathy, improve homeostasis, reduce bleeding, 
limit blood collection and incorporate blood-sparing techniques are 

important points of PBM9,10. Pediatric patients are exposed to po-
tential complications associated with red blood cell (RBC) transfu-
sion because of the higher transfusion threshold for children than 
adults. PBM proposes the restrictive transfusion approach and 
should be applied to the pediatric cardiac surgical population11. Pe-
diatric patients are exposed to potential complications associated 
with red blood cell (RBC) transfusion because the transfusion 
threshold is higher in children than in adults. PBM proposes the re-
strictive transfusion approach and should be applied to the pediat-
ric cardiac surgical population11.  

This review aims to present the current literature on PBM in 
children with CHD undergoing open heart surgery.   

Preoperative Patient Blood Management 
Preoperative assessment includes evaluation of patient risk fac-

tors, surgical approach, staffing and equipment requirements and 
should be discussed by a multidisciplinary care team (cardiac sur-
gery, anesthesia, cardiology and intensive care)12. The involvement 
of perfusionists and transfusion center staff in the management of 
these patients is essential for successful PBM13. In order to assess 
the risk of coagulopathy and intraoperative bleeding, a detailed his-
tory should be taken, inquiring about medications and supplements 
taken, relevant medical history, previous surgery and family history. 
Laboratory tests for anemia and coagulation parameters should be 
performed and abnormal results should be treated preoperatively 
in elective cases13. 

One of the pillars of PBM programs is the diagnosis and treat-
ment of preoperative anemia. Children with CHD range from neo-
nates to adolescents with cyanotic or non-cyanotic heart defects re-
sulting in variable baseline hemoglobin (Hb) and ferritin levels. The 

Children undergoing open heart surgery are often exposed to allogeneic blood products due to developmental 

changes in their hemostatic system and inflammation, use of anticoagulants, hemodilution and coagulopathy due 

to CPB. The complexity of surgical procedures, complex cardiopulmonary interactions and the risk of inadequate 

oxygen delivery and postoperative bleeding increase the use of blood products. Patient blood management aimed 

at minimizing blood product transfusion is associated with improved patient outcomes. Safe conservative blood 

management practices covering the pre-, intra- and postoperative periods result in reduced blood product 

transfusion. This review summarizes the current evidence on anemia management and blood transfusion practices 

in the perioperative care of children undergoing cardiac surgery. 
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optimal preoperative Hb concentration for these children is uncer-
tain, especially in patients younger than 6 months or with chronic 
cyanosis14.  

Iron deficiency (ID) is the most common nutritional deficiency 
in children and has been defined as a comorbidity in children with 
chronic conditions such as CHD, heart failure, chronic inflammation, 
hematological disorders15. In addition, ID is a known risk factor for 
perioperative blood transfusion in the pediatric surgical popula-
tion16. Gao et al.17 investigated preoperative ID and its association 
with clinical outcomes in 314 children undergoing cardiac surgery 
with CPB. They reported that ID was associated with preoperative 
anemia and cyanotic heart disease and was an independent risk fac-
tor for postoperative blood transfusion. 

As preoperative anemia and perioperative blood transfusion are 
associated with poor postoperative outcomes in neonates and pedi-
atric noncardiac and cardiac surgical patients, correction of ID and 
anemia may reduce perioperative transfusion and is recommended 
in several guidelines18-21. However, this association may be difficult 
to detect in cyanotic children, who may have ID anemia even with 
elevated hemoglobin levels. 

Preoperative iron supplementation has been studied in adult pa-
tients undergoing cardiac surgery in many trials20,22. In these stud-
ies, hemoglobin levels increased significantly and blood transfu-
sions decreased perioperatively. However, such studies in pediatric 
cardiac patients are scarce. Otsuka et al.15 administered oral iron 
supplementation to children with CHD for 3-12 weeks preopera-
tively and found that preoperative hemoglobin levels were signifi-
cantly higher in children treated with iron.  Although oral iron treat-
ment has advantages such as low cost, ease of access and relative 
safety, a treatment period of 2-4 weeks is required to increase he-
moglobin levels. The choice of oral or intravenous (IV) iron therapy 
should therefore be based on patient preference, degree of anemia 
and timing of surgery. Newer IV iron preparations such as ferumox-
ytol and ferric iron gluconate are reliable options for rapid iron re-
placement23. Hassan et al.23 administered IV iron (ferumoxytol) to 
54 children with ID anemia and demonstrated that ferumoxytol was 
effective in the treatment of IDA. In addition, the slow infusion rate 
and close monitoring allowed early detection of the rare adverse 
drug reactions. 

The use of erythropoiesis-stimulating agents such as erythropoi-
etin in the preoperative period in adult and pediatric patients is lim-
ited and poorly studied. Ootaki et al.24 administered recombinant 
human erythropoietin subcutaneously to 82 children (72 with non-
cyanotic heart disease and 10 with cyanotic heart disease) 7 days 
before surgery. They reported that a single dose of erythropoietin 
without autologous blood donation increased hemoglobin levels. 
The Network for the Advancement of Patient Blood Management, 
Hemostasis and Thrombosis (NATA) guidelines recommend diag-
nosis and treatment of preoperative iron deficiency anemia with 
oral or intravenous iron (Grade 1C) and suggest consideration of 
preoperative erythropoietin (Grade 2C) in pediatric cardiac surgery 
patients25. 

 
Intraoperative Patient Blood Management 
 
Acute Normovolemic Hemodilution 

Acute normovolemic hemodilution (ANH) is a blood conserva-
tion strategy in which one or more units of the patient's own whole 
blood are replaced with an equal volume of crystalloid or colloid 
fluid before surgery and reinfused at the end of surgery. The col-
lected blood contains clotting factors, red blood cells and platelets 
and is not subject to the harmful effects of the CPB machine. In-
traoperative bleeding is diluted and the reinfusion of collected 
blood reduces the amount of blood lost at the end of surgery as a 

source of clotting factors and platelets26.  
The use of ANH in the pediatric surgical population is limited. 

However, in major pediatric surgery, great care must be taken to 
maintain normovolemia, as hypovolemia due to blood loss is the 
most recognized cause of anesthesia-related cardiac arrest in pedi-
atric patients27. Sebastian et al.28 studied ANH in 50 pediatric pa-
tients undergoing cardiac surgery with CPB and demonstrated that 
ANH protected platelets from the deleterious effects of CPB and im-
proved hemostasis with autologous whole blood at the end of sur-
gery. However, higher ANH volumes (ml/kg) and longer storage 
times increased the need for intraoperative transfusion. In a small 
study of 12 pediatric cardiac surgery patients, ANH was safe as a 
strategy to reduce blood component therapy; however, the study 
failed to demonstrate a reduction in perioperative transfusion or 
improvement in postoperative outcomes29. Overall, there is no clear 
recommendation that ANH is effective in children undergoing car-
diac surgery with CPB due to conflicting results. The NATA guideline 
recommends against the use of routine ANH in children undergoing 
cardiac surgery with CPB (Grade 1C)25. 

 
Cell Salvage 

Intraoperative cell salvage (ICS) is another method of reducing 
allogeneic red blood cell (RBC) transfusion. It recovers and purifies 
blood lost in the surgical field and returns the resulting red blood 
cell concentrate to the patient30. Due to the minimal blood volume 
required for the washing process in cell salvage, this method has 
limited use in infants and young children during pediatric cardiac 
surgery31. However, new cell salvage devices with small volume 
centrifugal beakers allow blood salvage even in neonates and small 
infants. Golab et al.32 demonstrated that the use of a cell saver sig-
nificantly reduced postoperative allogeneic blood transfusion in in-
fants undergoing CPB surgery with a body weight of less than 10 kg. 
In addition, erythrocyte washing may reduce inflammatory bi-
omarkers and systemic inflammation33. The NATA guideline recom-
mends the use of cell salvage in pediatric cardiac surgery to reduce 
perioperative transfusion (grade 1C) and suggests active salvage of 
residual blood from the CPB circuit (grade 2C)25. 

 

Antifibrinolytic Agents 
Antifibrinolytic agents such as tranexamic acid (TXA) or ε-ami-

nocaproic acid (EACA) competitively inhibit the conversion of plas-
minogen to plasmin and reduce fibrin degradation. Activation of fi-
brinolysis is a major cause of bleeding in open heart surgery and an-
tifibrinolytic agents significantly reduce blood loss and transfu-
sion34. A meta-analysis of 30 trials (aprotinin n = 14, TXA n = 12 and 
EACA n = 2) reported that all agents reduced mean 24-hour blood 
loss and blood product transfusion34. Therefore, the agent with the 
best safety profile should be used, but sufficient data are lacking.  

Intraoperative TXA dosing regimens used in different centers 
are quite variable due to various concerns regarding pharmacoki-
netic mechanisms and adverse effects.  Some centers have used 3 
boluses of 10 to 100 mg/kg, while others have used a loading dose 
of 10 to 100 mg/kg followed by continuous infusion35. To maximize 
the antifibrinolytic effect of TXA and avoid dose-related side effects, 
including seizures, it is important to use the lowest effective dose 
possible. Recent studies in children undergoing cardiac surgery 
have suggested the following dosing regimen: intravenous loading 
dose of 30 mg/kg (age <12 months) or 10 mg/kg (age ≥12 months); 
followed by infusion of 10 mg/kg/hr36. Therefore, large compara-
tive studies are needed to investigate the relative safety and appro-
priate dosing regimens in children. 

The NATA guideline recommends prophylactic administration 
of lysine analogues (either TXA or EACA) to all neonates and chil-
dren undergoing surgery with CPB to reduce perioperative bleeding 
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and transfusion (Grade 1B) and discourages the administration of 
high doses of lysine analogues (either TXA or EACA) because of the 
risk of clinical seizures (Grade 1C)25. 

 

Coagulation Assessment 
Systemic anticoagulation is provided by unfractionated heparin 

(UFH) during CPB. UFH inhibits thrombin, Factor Xa and activated 
intrinsic coagulation factors via antithrombin37. Monitoring of ACT, 
heparin concentration (anti-Factor Xa [aFXa] activity) or whole 
blood heparin concentrations can be used to adjust UFH dosing38. 
ACT and automated protamine titration devices are generally pre-
ferred for rapid point-of-care assessment. 400 U/kg heparin is ef-
fective in prolonging the activated clotting time (ACT) >480 seconds 
in infants and children37. However, due to low antithrombin levels 
in neonates and infants, weight-based doses have been shown to in-
adequately suppress thrombin generation39. In addition, differences 
in anticoagulant efficacy have been reported between different com-
mercial heparins40. If heparin resistance is present and antithrom-
bin deficiency is excluded, an additional 100 U/kg is recommended. 
In the presence of heparin resistance secondary to antithrombin de-
ficiency, fresh frozen plasma (10 mL/kg) or antithrombin supple-
mentation is recommended25. 

Protamine is used to neutralize heparin after CPB and the dose 
of protamine is usually administered as a 1:1 ratio of protamine to 
heparin. However, a 1:1 ratio may lead to protamine overdose and 
bleeding. The use of a protamine-heparin ratio of 1:1 or higher is not 
recommended as excess protamine may increase the risk of bleed-
ing25. Thus, age-related differences and heparin-protamine interac-
tions complicate heparin dosing and protamine reversal in pediatric 
cardiac patients41.  

Bivalirudin, a direct thrombin inhibitor, is the anticoagulant of 
choice when heparin is contraindicated or must be avoided. The rec-
ommended dose to maintain an ACT of more than 480 seconds was 
1 to 2 mg/kg followed by a 2 to 3 mg/kg/h infusion42. 

 

Cardiopulmonary Bypass 
 
Hemodilution and Target Hemoglobin 

Patient size and bypass circuit volume ratio determine the de-
gree of hemodilution during CPB. In infants weighing less than 8 kg, 
severe hemodilution occurs, causing fluid shifts and reducing plate-
lets and coagulation factors43.  Therefore, the bypass circuit in pedi-
atric patients is generally primed with blood to maintain a prede-
fined Hct44.  

Total priming volume is directly related to the amount of peri-
operative transfusion, and lower priming volumes are associated 
with lower transfusion volumes during CPB45. In addition, lower 
priming volume leads to improved water balance and reduced need 
for postoperative mechanical ventilation46. Consequently, miniatur-
ization of the circuit and use of ultrafiltration, hemoconcentrator 
and cell saver can reduce hemodilution and the need for blood prod-
uct transfusion and improve clinical outcomes47. 

Jonas et al.48 administered 2 different target hematocrit (Htc) 
values (20% vs 30%) to infants < 9 months. The lower Htc group 
(20%) had a lower cardiac index, higher post-CPB lactate levels and 
increased total body water on postoperative day 1. Although there 
was no difference in the amount of blood product transfusion and 
adverse events between the 2 groups, the low Hct group had signif-
icantly worse psychomotor development scores at 1 year. In an-
other study, Newburger et al.49 compared target Hct values of 25% 
vs 35% during hypothermic CPB in infants. The 25% group had a 
more positive fluid balance but similar blood product transfusions, 
adverse events and developmental outcomes. As a result of these 
studies, a target Hct value of >25% during CPB is recommended for 

optimal neurodevelopmental outcome. 

 

Priming Fluid 
Since the 1990s, physiological salt solutions (commonly Plasma-

lyte) or lactated Ringer's (LR) have been used as the crystalloid 
priming solution in pediatric cardiac surgery50,51. Albumin is often 
added to the priming solution because of the inability of crystalloid 
solutions to provide oncotic pressure and reduce the inflammatory 
response52. In a study of 105 children under the age of 3 years, pa-
tients were randomized into 3 groups53. One group received 10 
mL/kg albumin in the priming solution, the second group received 
20 mL/kg synthetic colloid in the priming solution and the third 
group received LR priming solution. The albumin group had signifi-
cantly higher postoperative platelet counts and plasma colloid on-
cotic pressures, and significantly less postoperative blood loss and 
blood product requirements than the other groups. According to the 
results of this study, albumin may have some advantages in terms of 
postoperative blood parameters. 

The decision to add RBCs to the prime solution depends on the 
patient's body weight, pre-operative hematocrit, prime volume and 
acceptable hematocrit after dilution on CPB54. Asanginous prime is 
generally used in infants weighing more than 5-6 kg55. Whole blood, 
erythrocytes or erythrocytes plus FFP can be added to the blood-
based prime volume56. Fresh whole blood (FWB) has historically 
been used in pediatric cardiac surgery to stabilize and correct coag-
ulopathy and reduce inflammation. However, FWB is difficult to ob-
tain and test in a timely manner, limiting its use. In pediatric patients 
younger than 2 years undergoing complex cardiac surgery, the use 
of FWB has been shown to reduce blood loss57. Mou et al.58 com-
pared FWB with RBC plus FFP for CPB priming in children undergo-
ing cardiac surgery. They found that FWB in CPB priming reduced 
ICU length of stay and fluid overload.  

FFP is often used in CPB priming as a source of fibrinogen and 
clotting factor59. In a study of children aged 1 to 16 years with con-
genital heart disease, 20% albumin or FFP was used in the CPB 
prime60. Immediately after heparin reversal, hemostatic test results 
improved in the FFP group, but these results were not maintained 
24 hours after CPB. There were no other clinical differences be-
tween the groups. In a study of neonates with CHD, Bianchi et al.61 
compared FFP in the prime volume with 5% albumin with erythro-
cytes in the prime volume. They found that postoperative bleeding 
was reduced and fibrinogen levels improved in the FFP group. An-
other study in acyanotic infants under 10 kg compared a 5% FFP 
priming solution with an albumin priming solution. The FFP prim-
ing solution group received more perioperative blood transfusions 
than the albumin group, but total blood product consumption did 
not differ between the two groups62. The content of the priming so-
lution is usually surgeon and institution dependent, but further 
study is needed in pediatric cardiac surgery. 

The addition of FFP to the prime solution has been suggested in 
neonates (<30 days) undergoing cardiac surgery (grade 2C). There 
is no evidence in infants and children undergoing cardiac surgery 
(C). NATA Colloids (e.g. albumin) should be preferred to crystalloids 
for clear priming in children undergoing cardiac surgery (Grade 
1C).25 

 
Ultrafiltration 

Ultrafiltration in pediatric cardiac surgery is used to concentrate 
erythrocytes and coagulation factors and reduce inflammatory me-
diators by removing excess fluid63. Conventional ultrafiltration 
(CUF) techniques (continuous ultrafiltration and zero balance ultra-
filtration) remove fluid from the circulation during CPB and reverse 
hemodilution64. Modified ultrafiltration (MUF) is administered im-
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mediately after cessation of CPB, provides maximal hemoconcentra-
tion and reduces early postoperative blood transfusion65. MUF has 
been shown to improve pulmonary compliance and gas exchange, 
increase hematocrit and blood pressure levels. However, Kuranti et 
al. reported in a meta-analysis that CUF and MUF were safe and ef-
fective hemoconcentrators and there was no difference in clinical 
outcomes66.   

The authors recommend conventional ultrafiltration or ≥10 
minutes of modified ultrafiltration for neonates and infants under-
going cardiac surgery with CPB (Grade 1B)25. 

 
Intraoperative Monitoring of Hemostasis 

From birth to adulthood, the concentration of coagulation fac-
tors increases while the hepatic synthesis of natural anticoagulants 
decreases, a phenomenon termed developmental hemostasis67,68. 
Perioperative bleeding and coagulopathy are the major causes of 
morbidity and mortality in neonates and children undergoing car-
diac surgery. Cyanotic heart disease may increase the risk of bleed-
ing by altering the preoperative coagulation profile. In the in-
traoperative period, major surgery and CPB induce an inflammatory 
response and coagulopathy. In addition, prime solution causes he-
modilution69. Blood transfusions are often necessary, but may also 
be a risk factor for acute lung injury, prolonged extubation time, and 
prolonged ICU and hospital stay3,4. Therefore, clinicians should be 
prepared to manage blood loss and coagulopathy in pediatric car-
diac surgery. Appropriate and timely use of blood products and he-
mostatic agents according to hemodynamic parameters, laboratory 
and coagulation tests is one of the key points of patient blood man-
agement.  

Conventional coagulation tests (aPTT, PT, fibrinogen) are used 
to diagnose factor deficiencies and the normalized ratio (INR) is 
used as a guide for vitamin K antagonists in both adults and chil-
dren70. However, as patients are uncoagulable during CPB, these 
tests cannot be used25. In addition, it takes 30-45 minutes to obtain 
results and the limited information provided does not include plate-
let count and function and fibrinolysis. 

Viscoelastic tests (thromboelastography (TEG) and ROTEM) 
provide real-time global coagulation status and aid in the manage-
ment of blood product transfusion in the setting of acute hemor-
rhage71. Viscoelastic assays measure clot initiation, strength and 
stability by providing a rapid assessment of coagulopathy and have 
been widely used in adult patients undergoing cardiac surgery72. 
Nakayama et al conducted a study in children undergoing cardiac 
surgery and found that ROTEM-guided early hemostatic manage-
ment reduced blood loss, erythrocyte transfusion requirements and 
ICU length of stay73. However, a meta-analysis of 47 articles re-
ported that there is insufficient data in the literature to establish vis-
coelastic testing as a "gold standard" for the management of bleed-
ing and coagulopathy in pediatric cardiac surgery74. In addition, 
similar to conventional coagulation screening, viscoelastic tests can-
not predict bleeding preoperatively in children undergoing cardiac 
surgery25.  

In the presence of excessive bleeding, the use of intraoperative 
hemostasis monitoring is recommended (Grade 1B). Viscoelastic 
tests may be an alternative to standard coagulation tests for in-
traoperative bleeding management (Grade 2C)25.  

 
Postoperative Red Blood Cell Transfusion and Thresholds  

A prospective multicentre study reported that 79% of pediatric 
cardiac surgery patients received at least 1 RBC transfusion postop-
eratively75. The amount of RBC transfusion in these patients could 
not be determined based on intraoperative blood loss or preopera-
tive hematocrit alone76. Children under 1 year of age, low birth 
weight, complex and/or cyanotic congenital heart disease, CPB and 

preoperative anemia are independent risk factors for RBC transfu-
sion77. Although previous studies have shown that RBC transfusion 
after pediatric cardiac surgery is associated with increased morbid-
ity and prolonged hospital stay, optimal transfusion thresholds have 
not been defined in these patients. The TRIPICU (The Transfusion 
Requirements in the Pediatric Intensive Care Unit) study, which in-
vestigated transfusion requirements in the pediatric intensive care 
unit, reported that Hb: 7 mg/dl was tolerated by children without 
adverse effects78-80. In the subgroup analysis, there was no differ-
ence in the incidence of multisystem organ dysfunction between 
children who received a restrictive transfusion strategy (Hb: 7 
mg/dl) and a liberal transfusion strategy (Hb: 9.5 mg/dl) in postop-
erative cardiac surgery patients81. However, randomized controlled 
trials reported that pediatric patients with 20% hematocrit during 
CPB had a lower postoperative cardiac index, higher lactate levels 
and poorer neurological outcomes than those with 30% hemato-
crit82. Recent studies suggest that 24% hematocrit may be sufficient 
in terms of clinical outcomes and neurological outcome81. However, 
higher hematocrits may be required in neonates, cyanotic patients 
and those with complex cardiac anomalies. Therefore, goal-directed 
transfusion therapy aimed at a physiological target may be associ-
ated with improved clinical outcomes83. NATA recommends a post-
operative hemoglobin threshold for transfusion in stable, acyanotic 
cardiac infants of Hb 70 g/L or 80 g/L in the presence of clinical 
signs suggesting symptomatic anemia (Grade 1B). This threshold is 
recommended to be 90 g/L in stable, cyanotic cardiac infants with 
clinical signs suggestive of symptomatic anemia (Grade 1C)25. 

 

Platelet Transfusion 
Thrombocytopenia and platelet dysfunction are consequences 

of CPB and are associated with postcardiotomy bleeding in neonates 
and infants84. In addition, cyanotic cardiac patients with a hemato-
crit >50% usually have preoperative thrombocytopenia85. Platelet 
count and function at the end of CPB depend on the duration of CPB, 
hemodilution and hypothermia86,87. The threshold and/or volume of 
platelet transfusion in pediatric cardiac surgery has not been evalu-
ated in any study and recommendations for platelet transfusion are 
mainly based on consensus. Group-matched platelet transfusion of 
10-20 ml/kg may be given as a first step to restore hemostatic func-
tion in the setting of clinical bleeding and/or thrombocytopenia. 
Clinical assessment, platelet count and VET parameters are helpful 
in guiding platelet transfusions11.  

 
Fibrinogen  

Decreased plasma fibrinogen has been associated with postop-
erative bleeding in pediatric cardiac surgery88. Fibrinogen can be re-
plenished by administration of cryoprecipitate or fibrinogen con-
centrate. In bleeding neonates and children, hypofibrinogenemia di-
agnosed by the Clauss method (<1.5 g/L) or viscoelastic test (class 
1C) should be treated with cryoprecipitate or fibrinogen concen-
trate (class 2C). FFP should be considered ONLY when cryoprecipi-
tate or fibrinogen concentrate is not available (Class 2C)25. 

 
 

2. Conclusion 
In pediatric cardiac surgery, blood conservation methods in-

cluding the use of low priming volume circuits, ultrafiltration, mi-
crosampling of blood, antifibrinolytics, point-of-care testing and cell 
salvage blood reinfusion are recommended to reduce blood product 
consumption. These methods both reduce blood product transfu-
sion and improve clinical outcomes. Patient blood management 
aims to transfuse the right product, in the right dose, to the right 
patient, at the right time, for the right reason. A comprehensive and 
multidisciplinary patient blood management Programme optimizes 
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patient care, avoids unnecessary blood product transfusions and 
limits side effects.  
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1. Introduction

As a result of the increase in the number of prosthesis operations 
performed to reduce the pain caused by joint damage and to 
increase the reduced range of motion, the number of cases requiring 
revision is also increasing. The reasons for revision can be divided 
into two categories as septic and aseptic. In many centers, infection 
rates are 0.5%-1% after hip replacement and 1%-2% after knee 
replacement1. In a study conducted by Koh et al., the reoperation 
rate due to periprosthetic infection after total knee arthroplasty was 
reported as 2%, and half of these infections were reported to be 
observed in the first 2 years after primary arthroplasty2. Similarly, 
in other studies investigating periprosthetic joint infection, the 
infection rate after total knee arthroplasty is observed to be 
between 2% and 5%3-5. It is stated that increased body mass index, 
steroid therapy, diabetes, hypertension and rheumatoid arthritis 

cause predisposition to prosthesis infections in these patients6. 
There are treatment methods such as antibiotic suppression, 
flushing-debridement, resection arthroplasty, arthrodesis, one-
stage or two-stage revision for patients with infected knee 
prosthesis. Although there has recently been a tendency towards 
single-stage revision, the two-stage revision method described by 
Insall et al. in 1983 is used in delayed, biofilm-formed periprosthetic 
joint infections. Today, two-stage revision is known to be the gold 
standard treatment7-8. This study aims to evaluate the early and 
mid-term outcomes of two-stage revision arthroplasty for infected 
total knee arthroplasty cases. Given the complexity of managing 
prosthetic joint infections and the limitations of alternative 
approaches, understanding the effectiveness of two-stage revision 
during these critical periods can provide valuable insights for 

Aim: Total knee arthroplasty is a treatment method to relieve pain and limitation of movement caused by many 

knee diseases such as degenerative arthritis. Our aim was to retrospectively evaluate the early and mid-term 

results of patients with infected total knee arthroplasty who underwent two-stage revision as a treatment method 

and to compare them with the literature. 

Methods: Patients who were diagnosed with infected knee prosthesis in the Orthopedics and Traumatology clinic 

of our hospital between January 2004 and 2014 and decided to undergo two-stage revision as a treatment method 

were included in this study. Laboratory results, radiographs, American Knee Society clinical and functional scores 

were evaluated. 

Results: Twenty knees of 19 patients were included in the study. The first stage of two-stage revision was per-

formed in all patients and the second stage was performed in 17 patients. Of the 20 knees diagnosed with infected 

total knee arthroplasty, 3 had early, 6 had delayed, and 11 had late infection. Preoperative clinical score was 53.29 

± 9.51, postoperative 83.21 ± 9.51 (p<0.001); functional score was 40.88 (SD 20.48) preoperatively and 63.23 ± 

30.81 (p=0.018) postoperatively. The mean degree of flexion was 68.52° ±19.34 preoperatively and 92.64° ±16.30 

after revision (p<0.001). Compared to the pre-revision period, pain levels of all our patients decreased and walking 

distances increased 

Conclusion: Two-stage revision surgery in infected total knee prostheses was found to be compatible with the 

literature in terms of eradication of infection, postoperative clinical and functional scores. 
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clinical decision-making. By comparing our findings with existing 
literature, this study seeks to contribute to the ongoing optimization 
of treatment protocols for infected TKAs. 
 
 

2. Materials and Methods 
 
Patients who were diagnosed with infected knee prosthesis in 

the Orthopedics and Traumatology Clinic of Cumhuriyet University 
Faculty of Medicine between January 2004 and January 2014 and 
decided to undergo two-stage revision as the treatment method 
were selected as the study group. The diagnosis of total knee pros-
thesis infection was made based on the findings of pain, redness, in-
creased temperature, presence of fistula mouth in the affected knee, 
findings of implant failure in 2-way direct radiographs, erythrocyte 
sedimentation rate above 30 mm/m and C reactive protein value 
above 20 mg/l, and findings of leukocytes and microorganisms in 
the aspiration material from the joint. The diagnosis was also sup-
ported by Technetium 99 scintigraphy. In addition, tissue cultures 
were taken from at least 3 regions during surgery and evaluated. 

 Patients included in the study were diagnosed with infected 
TKA based on clinical symptoms (e.g., redness, pain, or fistula), ele-
vated inflammatory markers (ESR >30 mm/hour, CRP >20 mg/L), 
and microbiological or imaging findings consistent with infection. 
Exclusion criteria included insufficient follow-up duration (<6 
months), incomplete records, or systemic conditions contraindicat-
ing surgery. The follow-up period of the selected patient with the 
shortest follow-up period was 6 months and it was aimed to give 
early and mid-term results. For this purpose, the files of the patients 
eligible for the study were retrospectively analyzed. Patients were 
contacted again and their last clinical status, laboratory results, ra-
diographs and knee score questionnaires were renewed.  Revision 
knee arthroplasty was performed in the second stage surgery in 18 
of 20 knees in which spacers were applied. Then, appropriate anti-
biotic treatment was applied under the supervision of an infectious 
disease specialist according to the clinical characteristics of the pa-
tients and the microorganism. The duration of antibiotic treatment 
was decided according to clinical and laboratory results and contin-
ued. When infection recurred in one of these patients, arthrodesis 
was performed because the infection could not be eradicated de-
spite one arthroscopic and two arthrotomic washing debridement 
and antibiotic spacer placement. The knees of two patients under-
went a second washout debridement and antibiotic spacer place-
ment due to intraoperative findings in favor of infection. 

Although the infections of these two patients were eradicated 
during follow-up, revision operation could not be performed. All pa-
tients included in the study were contacted by telephone and were 
asked to come for follow-up. Except for the two patients who died 
due to other reasons during the follow-up period, all other patients 
were contacted again. Laboratory results, radiographs, American 
Knee Society clinical and functional scores were re-evaluated. These 
two patients who were exited were included in the study because 
their follow-up data for at least 12 months after the revision opera-
tion were available in their files. Pain, redness, increased tempera-
ture, presence of fistula mouth in the affected knee, findings of loos-
ening in 2-way direct radiographs, findings of complete blood count, 
erythrocyte sedimentation value above 30 mm/L, C reactive protein 
value above 20 mg/L, and also Gram stain and culture-antibiogram 
from aspiration material from the joint were used to diagnose total 
knee prosthesis infection. Diagnosis was also supported by Techne-
tium 99 scintigraphy. In addition, tissue cultures were taken from at 
least 3 regions during surgery and evaluated. The American Knee 
Society's knee clinical and functional score questionnaire was com-
pleted in all patients.  Additional problems such as urinary tract in-

fection and deep vein thrombosis were solved. Chronic problems 
such as diabetes mellitus and hypertension were controlled. Antibi-
otic therapy was initiated postoperatively based on intraoperative 
culture results and included agents such as cefazolin or vancomycin. 
In cases where cultures yielded no growth, empirical antibiotics tar-
geting common pathogens (e.g., Staphylococcus aureus) were ad-
ministered for 6 weeks. Low molecular weight heparin 0.4 cc once a 
day were started postoperatively. Haemovac drains were discontin-
ued on the second postoperative day and wound dressings were 
continued every other day. After the drains were removed, patients 
were tried to be mobilized with double crutches as much as they 
could tolerate without loading the operated extremity. When the 
culture results of the materials taken during the operation were ob-
tained, the patients were consulted to the Department of Infectious 
Diseases and antibiotherapy was organized according to their rec-
ommendations. Patients were called for 3rd and 6th week follow-
up. Clinical status of the knee, ESR, CRP, and WBC results were eval-
uated at the controls. At the end of the 6th week, revision surgery 
was decided with the approval of the infectious diseases depart-
ment for patients with regressed infection parameters and clinically 
resolved infection. If the laboratory results were not good, antibiotic 
treatment was continued. All patients who were decided for the sec-
ond stage were prepared for surgery as in the first stage. The previ-
ously placed antibiotic spacer was removed. Any dead tissues inside 
or outside the joint were debrided and samples were taken for cul-
ture. In cases of doubt, intraoperative tissue samples were taken 
and gram staining was performed. If the result supported infection, 
the antibiotic spacer was reinserted and the protocol in the first 
stage was followed. If infection was not considered, revision knee 
prosthesis was placed with antibiotic cement.  When intraoperative 
culture results were obtained, the infectious diseases department 
was consulted and antibiotherapy was arranged. Discharged pa-
tients were called for outpatient follow-up six weeks later. Two-way 
knee radiographs, ESR, CRP, WBC results were evaluated for loos-
ening. Subsequent follow-ups were performed at one and a half 
months, third months, four and a half months, sixth months, ninth 
months, twelfth months and every six months thereafter.  

Knee clinical and functional scores of all patients were evaluated 
preoperatively and postoperatively according to the American Knee 
Society questionnaire. In this questionnaire, the clinical score is the 
score value obtained by subtracting the negative scores of flexion 
contracture, hyperextension and alignment from the positive scores 
consisting of the degree of pain described subjectively by the pa-
tients, range of motion and stability of the joint in all directions. 
Functional score is the score obtained by subtracting the negative 
scores given according to the support used by the patient while 
walking from the positive scores brought by the success in walking 
and climbing stairs. 

The statistical evaluation of the data obtained was done in a 
computer environment. Statistical analyses were performed using 
the Statistical Package for the Social Sciences (SPSS) (14.0) soft-
ware. In the analysis, descriptive statistical measures such as mean, 
median, standard error, minimum and maximum, as well as the sig-
nificance of the difference between the two pairs was calculated in 
the comparison of the preoperative and postoperative data of the 
patients and the data during the period when they were called for 
control. The homogeneity of the variances was checked with the 
Levene test. The conformity of the numerical data to normal distri-
bution was evaluated with the Shapiro-Wilk test. For variables 
showing normal distribution, independent two sample t-test, de-
pendent sample t-test. In the study, p<0.05 was considered statisti-
cally significant. 

The research was conducted in accordance with the 1975 Hel-
sinki Declaration. Approval was obtained from the Cumhuriyet Uni-
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versity Faculty of Medicine Ethics Committee (26/06/2014, 
nu.2014-06/10). After obtaining the permissions, the patients were 
informed about the study according to the Informed Voluntary Con-
sent Form and their consent was obtained. 

 
 

3. Results 

 
The median age of the patients included in the study was 63 

(minimum 48 - maximum 78) for males and 67.5 (minimum 51 - 
maximum 72) for females. A total of 20 knees, including the left knee 
of six patients, the right knee of 12 patients and both knees of one 
patient, were included in the study.18 patients underwent primary 
prosthesis in external centers and two patients underwent primary 
prosthesis in our clinic, and the indication for primary prosthesis 
was osteoarthritis. In the first stage operation, removal of the in-
fected material, debridement and spacer placement were per-
formed. New prosthesis implantation in the second stage was per-
formed in 18 knees, but could not be performed in two patients.  One 
of the 18 knees that underwent revision resulted in fistulising oste-
omyelitis despite all treatment applications and arthrodesis was 
performed. Another patient underwent a two-stage revision knee 
replacement procedure. 

When we looked at the comorbidities of the 19 patients diag-
nosed with infected knee prosthesis; nine patients had diabetes, five 
patients had diabetes and hypertension, one patient had Parkin-
son's disease, and one patient had aortic and mitral valve replace-
ment. In the next part of the findings, 17 knees of 16 patients who 
underwent two-stage revision as a result of an infected knee pros-
thesis and three patients who underwent arthrodesis will be re-
viewed. The median time from the application of the spacer to the 
second-stage operation was 68 days (minimum 41 to maximum 
214) for both male and female patients. This period was median 71 
days (minimum 41 to maximum 214) in men and median 67 days 
(minimum 48 to maximum 158) in women. 

When the follow-up periods of male and female patients after 
the second stage surgery were evaluated, the median follow-up pe-
riod was found to be 17 months (minimum 6.5 - maximum 102). 

This period was median 14 months (minimum 7,5 - maximum 102) 
in male patients and median 17 months (minimum 6,5 - maximum 
32) in female patients (p=0,045). The ages, infection periods, follow-
up periods and genders of the study patients are given compara-
tively in Table 1. 

ESR, CRP and WBC parameters were evaluated as infection pa-
rameters. At the end of follow-up, a significant improvement in in-
fection markers was observed: ESR decreased from 52.35 ± 25.7 
mm/hour pre-spacer to 29.52 ± 12.16 mm/hour (p<0.001), while 
CRP decreased from 50.34 ± 54.39 mg/dL to 8.12 ± 4.49 mg/dL 
(p<0.001). WBC showed no significant change during follow-up 
(p=0.079). When we compared these values statistically, the lower 
CRP value before revision compared to the CRP value before spacer 
was significant with p<0.001. However, when we compared the CRP 
value at follow-up with the CRP value before revision, the p value 
was found to be p=0.011 (Table 2). 

When the white blood cell values were analyzed, it was observed 
that the mean WBC value before spacer was 9428 ± 3757.92, the 
mean WBC value before revision was 7228 ± 1408.42, and the mean 
WBC value at follow-up was 7357 ± 1373.18. When these results 
were compared statistically, the p value between the first and sec-
ond values was found to be p<0.001 and the p value between the 
second and third values was found to be p=0.079. 

 According to the culture results obtained perioperatively in the 
first stage; Staphylococcus aureus was grown in four patients, Staph-
ylococcus epidermidis in three patients, Pseudomonas aeruginosa in 
two patients and Gemella species in one patient. There was no 
growth in the remaining seven patients. 

 The American Knee Society clinical and functional scores im-
proved significantly, with clinical scores increasing from 53.29 ± 
9.51 preoperatively to 83.21 ± 9.51 postoperatively (p<0.001) and 
functional scores rising from 40.88 ± 20.48 to 63.23 ± 30.81 
(p=0.018). Patients achieved a significant increase in range of mo-
tion, with mean flexion improving from 68.52° ± 19.34 to 92.64° ± 
16.30 (p<0.001). Likewise, when the mean flexion contracture was 
evaluated, it was reduced from 7.05° ± 12.12 before revision to 1.76° 
± 4.98 after revision (p=0.018). 

 
 

 
Age, sex, duration of infection, follow-up of patients 

 

 
Male 

Mean/Median 

Female 

Mean/Median 
p 

Total 

Mean/Median 

Age at time of primary 

TKR /year 

56.5 ± 13.3 

53 (40-77.5) 

62.25 ± 6.4 

63.25 (50.5-71) 
0.067 

60.1 ± 9.6 

62.5 (40-77.5) 

TKR spacer 

interval/month 

52.7 ± 52.02 

47 (0.75-120) 

31.1 ± 24.2 

26.5 (1-79) 
0.049 

39.8 ± 38.1 

26.5 (0.75-120) 

Spacer revision time / day 
101.2± 59.8 

71 (41-214) 

82.7 ± 35.6 

67 (48-158) 
0.099 

90.35 ± 46.34 

68 (41-214) 

Period of follow-

up/month 

27.6 ± 33.3 

14 (7.5-102) 

19.1 ± 9.2 

17 (6.5-32) 
0.045 

22.6 ± 21.96 

17 (6.5-102) 

TKR: Total knee replacement 

 

 

 

 

 

 

Table 1 
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ESR, CRP, WBC means and statistical comparisons 

 

 

 

 

Before Spacer Before Revision Follow-up p 

ESR±SD  

(mm/hour) 
52.35 ± 25.7a 33.70 ±13.61b 29.52 ±12.16c 

p(a-b):<0.001 

p(b-c):0.027 

CRP±SD 

(mg/dl) 
50.34± 54.39a 9.59 ±8.57b 8.12 ± 4.49c 

p(a-b):<0.001 

p(b-c):0.011 

WBC±SD 

(mm3) 
9428 ±3757 7228 ±1408 7357 ± 1373.18 

p(a-b):<0.001 

p(b-c):0.079 
CRP: C - reactive protein, ESR: Erythrocyte sedimentation rate, WBC: White Blood Cell 

 
 
 

4. Discussion 

 
Total knee arthroplasty (TKA) is a surgical treatment method 

that is increasingly used in the world and in our country for the 
treatment of problems of the knee that cannot be solved with medi-
cal treatments, with successful results9. Diabetes, hypertension, 
rheumatoid arthritis, increased body mass index and steroid ther-
apy have been shown to be major risk factors for infection after pri-
mary total knee arthroplasty6. When we look at the 19 patients with 
infected TKA in our study, we see that nine patients had diabetes 
and five patients had diabetes and hypertension, supporting that di-
abetes is a risk factor. ESR, CRP, WBC values are important in the 
diagnosis of infection. These parameters increase after surgical 
trauma even in the absence of infection and return to normal within 
weeks. Here, it is important that CRP value returns to normal more 
rapidly than ESR. Studies emphasize that ESR above 30 mm/hour 
and CRP above 20 mg/l should be interpreted in favor of infection10.  

Our study highlights the clinical utility of CRP and ESR as reliable 
markers for monitoring infection resolution during two-stage revi-
sion. The significant decrease in CRP values pre- and post-revision 
(p<0.001) supports its role as a sensitive indicator, consistent with 
findings in the literature. In contrast, WBC showed minimal changes 
and lacked statistical significance during follow-up, reflecting its 
limited specificity in diagnosing periprosthetic infections, as re-
ported by Toossi et al. (2012)11.  There is still inconsistency about 
the effectiveness of WBC values in distinguishing septic and aseptic 
loosening. There are studies reporting that preoperative WBC val-
ues are within the normal range in cases. CRP is reported in the lit-
erature to have high specificity and sensitivity. Since it has been re-
ported that the CRP value alone can be misleading, it supports other 
clinical and laboratory findings. Although the ESR value is affected 
by many factors, it is included among the diagnostic criteria for var-
ious periprosthetic joint infections as a criterion supporting infec-
tion12-15.  

The gold standard for the diagnosis of infection is the examina-
tion of deep tissue cultures obtained intraoperatively16. In our 
study, intraoperative cultures were obtained during the first stage 
from all patients in whom two-stage revision was planned. Care was 
taken to obtain samples from at least three different sites from each 
patient. Despite this, 12 of 20 knees of 19 patients (60%) were cul-
tured. There was no growth in eight knees (40%). In the literature, 
even if all the rules to be considered during culture collection are 
followed, the growth rate in cultures obtained is reported to be 65-
94%17. 18 of 20 knees diagnosed with infected knee prosthesis 
should receive oral or parenteral antibiotherapy before admission, 
and antibiotherapy should be discontinued for at least two weeks 
before culture is taken; however, we believe that our culture results 
caused less growth than the rate stated in the literature because the 

optimum time could not be provided due to the heavy clinics of the 
patients and the density of patients requiring operation. 

Staphylococcus aureus (22%), coagulase-negative staphylococci 
(22%), alpha- and beta-haemolytic streptococci (9% and 5%), enter-
ococci (7%), aerobic Gram-negative bacilli (25%) and anaerobes 
(10%) were the most common microorganisms found in infected 
knee arthroplasties18. In our study, Staphylococcus aureus was 
grown in five patients, Staphylococcus epidermidis in four patients, 
Pseudomonas aeruginosa in two patients and Gemella Species in one 
patient. 

When we examine the antibiotics used in the cement, we see that 
the use of vancomycin, tobramycin, teicoplanin, gentamicin is 
concentrated in the literature19. We used antibiotic cement 
prepared by adding 2 g teicoplanin to cement containing 40 g 
gentamicin in all our patients in accordance with the literature. No 
toxicity was seen in any of our patients and the infection was 
eradicated except for one patient who ended up with arthrodesis. 

When the literature is analyzed in terms of the waiting time be-
tween the two stages, it is seen that there is actually no consensus 
on this period20. Although it is concluded that it will be difficult to 
eradicate the infection if this interval is short; it has been shown that 
long interval periods increase the rate of recurrent infection. In ad-
dition, it is known that bone mineral density decreases and muscle 
atrophy is more common in long interval periods, which makes re-
habilitation difficult after the second stage operation. It has also 
been reported that the cost of treatment increases and patient sat-
isfaction decreases due to long treatment times21. When we con-
sider that the mean interval between the two stages in our patients 
was 90.35 days and the median was 68 days, we see that although it 
seems long at first glance according to the literature, it does not go 
beyond the given limits. The reasons for this long interval include 
the difficulty in ensuring the eradication of the infection due to the 
absence of culture growth in nearly half of our patients and empiri-
cal antibiotic treatment, the fact that one patient received treatment 
for deep vein thrombosis and two patients received treatment for 
urinary tract infection before revision, and the fact that our patients 
could not come to the controls at the desired times due to referral 
problems.  

A 91% success rate was reported in the mid-long term results of 
another 71 centers in which two-stage revision was performed in 
96 infected knee prostheses22. When we look at our patients, suc-
cess was achieved in 16 of 18 knees in which two-stage revision was 
performed. In one patient, infection was observed in the early pe-
riod and was treated with debridement and antibiotherapy, but ar-
throdesis was performed as it resulted in fistulized osteomyelitis 
with discharge in the follow-up. One of our patients underwent a 
second two-stage revision surgery due to reinfection. In this patient, 
the cause of reinfection was urinary tract infection secondary to hy-

Table 2 
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pospadias and urinary tract infection was treated before the second 
revision and the infection was eradicated in the follow-up. After this 
case, complete urinalysis was routinely performed in all patients be-
fore both primary and revision surgeries. After two-stage revision 
surgery, 94% success rate was achieved and this rate is compatible 
with the literature. The results of two-stage surgery performed by 
Petis et al. on 245 infected total knee arthroplasties support the suc-
cess of this method23. 

In the literature, non-infectious complications included aseptic 
loosening (19.7%), instability (11.6%), osteolysis (10.4%), arthrofi-
brosis (8.1%), polyethylene abrasion (7.7%), malposition (5.4%), 
patellar complication (3.1%), periprosthetic fracture (2.3%), pain 
(1.5%) and lack of extensor mechanism (0.8%)24. In our patients, 
one medial condyle fracture was seen as a complication and was 
fixed with a plate-screw, and one patient developed deep vein 
thrombosis during follow-up after the first stage. These complica-
tions, which are also seen in primary knee replacement operations, 
are within acceptable limits. Arthrodesis can be performed after un-
successful total knee arthroplasty, loss of the extensor mechanism, 
or highly virulent periprosthetic infections that cannot be eradi-
cated25. One of the patients in this study underwent arthrodesis be-
cause the infection could not be treated. 

In this study using the American Knee Society scoring system, 
the mean preoperative clinical score increased from 53.29 (SD 9.51) 
to 83.21 (SD 9.51) postoperatively (p<0.001). The significant im-
provement in functional scores (40.88 to 63.23; p=0.018) and range 
of motion (68.52° to 92.64°; p<0.001) underscores the efficacy of 
two-stage revision in restoring joint function. These results align 
with Haleem et al.’s (2004) reported success rates of 91% for infec-
tion eradication, further validating this approach as the gold stand-
ard for managing infected TKAs.22. When we analyzed the flexion 
contracture, it was found that it decreased from 7.05° (SD 12.12) 
preoperatively to 1.76° (SD 4.98) postoperatively (p=0.018). Both 
the increase in range of motion and the improvement in flexion con-
tracture were found to be consistent with the literature (Table 3). In 
the study conducted by Petis et al., improvement in knee scores was 
observed after two-stage revision surgery23.  

The pain score, another parameter we evaluated in our patients, 
decreased significantly postoperatively. While we had six patients 
with severe pain preoperatively, there were no patients with severe 
pain postoperatively. Similarly, walking distances increased signifi-
cantly postoperatively. Preoperatively, two patients could not walk 
and seven patients could walk at home, postoperatively there were 
no more patients who could not walk and the number of patients 
who could walk at home decreased to two. This study’s retrospec-
tive nature and single-center design limit the generalizability of the 
findings. Future research should focus on prospective, multicenter 
trials comparing one-stage and two-stage revisions. Additionally, 
evaluating long-term outcomes and cost-effectiveness would pro-
vide further insights into optimizing treatment protocols. 

 

5. Conclusion 
 

Antibiotics were given to our patients for the agents grown in 
the culture. If there was no growth in the culture, antibiotherapy 
was empirically organised to cover the most common agents Staph-
ylococcus aureus and Staphylococcus epidermidis. The drugs were 
administered intravenously for at least two weeks and, if necessary, 
six weeks. In the following periods, antibiotherapy was discontin-
ued or continued according to the clinical examination of the knee, 
ESR and CRP results. 

This study demonstrates that two-stage revision arthroplasty is 
an effective and reliable method for managing infected total knee 
arthroplasty, achieving a 94% infection eradication rate and signifi-

cant improvements in clinical and functional outcomes. The reduc-
tion in CRP and ESR levels pre- and post-revision underscores the 
utility of these markers in infection monitoring. Furthermore, the 
observed improvements in range of motion and flexion contracture 
highlight the procedure’s potential to restore joint function. Our 
findings align with existing literature, supporting two-stage revision 
as the gold standard treatment for infected TKA. However, the rela-
tively long spacer-to-revision intervals in this cohort emphasize the 
need for careful infection monitoring and individualized treatment 
planning. The study’s retrospective nature and single-center design 
limit the generalizability of these findings, underscoring the need 
for prospective, multicenter studies to evaluate long-term outcomes 
and optimize treatment protocols. Future research should focus on 
comparing one-stage versus two-stage revisions and exploring 
strategies to reduce spacer intervals without compromising infec-
tion control. 
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1. Introduction

Every surgeon tries to perform surgery in the best way possible 
without causing any complications or harm to the patient. However, 
despite all possible efforts, perioperative or postoperative compli-
cations that increase patient morbidity may occur in any surgery. 
Surgical site infections (SSI) are just one of these complications1. SSI 
is the most common complication after gynecologic surgeries2 and 
it has been shown that SSI develops at a rate of 2.7% after hysterec-
tomy3. SSIs are superficial or deep infections that occur in the surgi-
cal area within one-month postoperatively4. Thus, predictors of 
post-operative SSI after gynecological surgery are of clinical benefit. 
This will also help when preparing guidelines for future reference1. 

Although defining risk factors for SSI is complex and difficult, 
there are numerous published studies concerning the risk fac-
tors1,2,5,7. However, the number of studies examining predictive fac-
tors for SSIs resistant to treatment in gynecologic surgery is quite 
low. When looking at the literature, modifiable factors, such as pre-
operative anemia, malnutrition, smoking, obesity, hypertension 

(HT), type 2 diabetes mellitus (DM) and unmodifiable predisposing 
factors such as age and malignancy have been identified for SSI4. If 
these factors are controlled as well as possible in the preoperative 
period, the risk of SSI may be reduced. If anemia is present, iron sup-
plementation (or blood transfusion if time is limited), identifying 
and resolving the cause of malnutrition and applying total paren-
teral nutrition pre- and postoperatively if necessary, reducing or 
smoking cessation, ensuring weight loss if body mass index (BMI) is 
high, controlling HT and DM, using prophylactic antibiotics, and en-
suring tissue oxygenation and normothermia in the intraoperative 
period have been shown to reduce the occurrence rate of SSI4,8. In 
obese patients, it is also recommended not to leave subcutaneous 
dead space and, if necessary, to use a negative pressure drain in this 
area9. 

The resistance of SSIs to antibiotics has been less well investi-
gated, Therefore, we aimed to examine and identify the risk factors 
for patients who develop resistance to treatment which results in 

Aim: Surgical site infection (SSI) is the most common complication seen after surgery. The aim of this study was 

to determine the risk factors that cause resistance to antibiotic treatment for SSI.  
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higher morbidity and mortality rates compared to patients who re-
spond to treatment. If it is known which reasons cause resistance to 
treatment in patients who develop SSI, the success of the treatment 
can be achieved by correcting the modifiable factors or increasing 
attention in the presence of these factors.  

 
 

2. Materials and Methods 
 
This study was approved by the Kocaeli University non-invasive 

ethics committee (KU GOKAEK-2024/277). All patients between the 
ages of 18 and 90 years who underwent elective surgery for benign 
or malignant gynecological reasons between January 2021 and De-
cember 2023 in the Department of Obstetrics and Gynecology, 
Kocaeli University Hospital, Türkiye, were retrospectively screened 
for the presence of SSI. Patients who underwent wound culture after 
developing SSI findings and only those in whom growth was de-
tected were included in the study. In our clinic, 1 g of cefamezin is 
routinely given to all patients preoperatively and control cultures 
are routinely taken from patients who are given appropriate antibi-
otic therapy after SSI. Demographic, obstetric and perioperative 
data of patients with positive control culture (study group) and pa-
tients with negative control culture (control group) were compared. 
 
 

 
Demographic, obstetric and perioperative data of all patients 

 

 Study Population 

(n=144) 

Age, median (IQR) 53 (40-65) 

BMI, median (IQR) 34.75 (29.85-41.45) 

Gravidity, median (IQR) 3 (2-4) 

Parity, median (IQR) 2 (1-3) 

Abortion, median (IQR) 0 (0-0.75) 

Number of living child, median (IQR) 2 (1-3) 

Postmenopause, n (%) 81 (%56.3) 

Hypertension (HT), n (%) 75 (%52.1) 

Diabetes mellitus (DM), n (%) 62 (%43.1) 

Oral antidiabetic, n (%) 37 (%58.9) 

Insulin, n (%) 9 (% 12.5) 

Prednisolone, n (%) 3 (%5.1) 

Malignancy, n (%) 67 (%46.5) 

Use of LMWH, n (%) 117 (%81.3) 

Operation time (minutes), median (IQR)  95 (75-133.75) 

Blood transfusion, n (%) 18 (%12.5) 

First culture growth, n (%)  144 (%100) 

Second culture growth, n (%)  49 (%34) 
BMI: Body mass index; LMWH: low-molecular-weight heparins; p<0.05 is 

significant. 

 
 
Patients who had local or systemic infectious symptoms, such as 

redness, increased temperature, and itching in the area where sur-
gery would be performed before the operation, patients who had a 
culture taken because of infection in the wound area in the postop-
erative period but were using antibiotics at the time, and patients 
who were found to have developed SSI but no positive cultures were 
found were not included in the study. 

The patients' age, BMI, indications for surgery, obstetric and gy-
necological history, menopause status, comorbidities, medications 
used, surgical approach types (Pfannenstiel, lower midline incision, 
midline incision, vaginal and laparoscopic approach), whether post-
operative low molecular weight heparin (LMWH) was adminis-
tered, surgery duration, amount of blood transfusion if adminis-

tered, whether pathology results were benign or malignant, number 
of days of hospitalization, wound culture results, and whether sec-
ondary suture was required were recorded.  

According to the culture results, single, double, triple or 
quadruple antibiotic combinations were selected according to their 
antibiograms and based on indicated sensitivities and were used in 
all patients. 

Statistical evaluation was performed using IBM SPSS, version 
29.0 (IBM Corp., Armonk, NY, USA). The normal distribution test 
was evaluated using Shapiro-Wilk and Kolmogorov-Smirnov tests. 
Numerical variables are given as Mean ± standard deviation, median 
(25th-75th percentile) and frequency (percentages). Differences be-
tween groups/materials were compared using Student's t test, One-
way analysis of variance and Tukey's multiple comparison test for 
numerical variables with normal distribution and Mann Whitney U 
Test, Kruskal Wallis test and Dunn's multiple comparison test for 
numerical variables without normal distribution. Fisher's exact chi-
square test, Yates' chi-square test and Monte Carlo chi-square test 
were used for categorical variables to evaluate the differences be-
tween groups. The relationship between numerical variables was 
evaluated using Spearman or Pearson correlation analysis, as ap-
propriate. Logistic regression analysis was performed to determine 
risk factors for treatment-resistant wound infections. A p<0.05 was 
considered sufficient for statistical significance in two-sided tests. 
 
 
 

 
The growth percentages of the agents in the wound culture of all 

patients are given. 

 

Bacterial Agents n (%) 

Escherichia coli 39 (%22.8) 

Enterococcus faecalis     35 (%20.5) 

Klebsiella pneumonia 20 (%11.7) 

Staphylococcus aureus     13 (%7.6) 

Pseudomonas aeruginosa 13 (%7.6) 

Enterobacter cloacae 8 (%4.7) 

Other Staphylococcus species 22 (%12.8) 

Others* 21 (%12.3) 
* Other agents included Proteus mirabilis, Morganella morgagni, 
Streptococcus agalactiae, Serratia marcescens, Klebsiella aeroginosa. 

 
 

3. Results 

 
Demographic, obstetric and perioperative data of the patients 

are given in Table 1. A total of 144 patients who developed postop-
erative SSI and had positive wound cultures were identified. The 
median (range) age of the patients was 53 (40-65) years, ranging 
from 22-89 years old. The median BMI was 34.75 (29.85-41.45) 
kg/m2 and 105 (72.9%) of the patients were obese (BMI ≥30 
kg/m2). More than half were postmenopausal (n=81, 56.3%). The 
number of patients with both cultures positive was 49 (34%). Table 
2 shows the percentage of growth of the agents in the wound culture 
of the patients. 

The types of operations performed on the patients are shown in 
Table 3. The most common operation was hysterectomy ± unilat-
eral/bilateral salpingooophorectomy ± bilateral pelvic paraaortic 
lymph node dissection (BPPALND) ± omentectomy due to malig-
nancy. Histopathological reports confirmed that 67 (46.5%) of the 
patients were operated on for malignant causes. The median opera-
tion time was 95 (75-133.75) minutes. 
 

Table 1 

Table 2 
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Types of operations performed on patients in both groups. 
 

Operations  n (%) 

Hysterectomy ± unilateral/bilateral 

salpingo-oophorectomy ± BPPLND ± 

omentectomy (Malignant cause) 

68 (%47.2) 

Hysterectomy ± unilateral/bilateral 

salpingo-oophorectomy (Benign cause) 
36 (%25.0) 

Myomectomy 11 (%7.6) 

Oophorectomy (unilateral/bilateral) 5 (%3.5) 

Salpingectomy (unilateral/bilateral)  3 (%2.1) 

Ovarian cyst excision 8 (%5.6) 

Vulvectomy (malignant) 7 (%4.8) 

Vaginal hysterectomy ± unilateral/bilateral 

salpingo-oophorectomy 
3 (%2.1) 

Other vaginal procedures 3 (%2.1) 
BPPLND: bilateral pelvic and paraaortic lymph node dissection. 
 
 

 
Comparison of demographic, obstetric and medical history data of 

the patients between the two groups. 
 

 

Control 

group 

(n=95) 

Study 

group 

(n=49) 

p 

Second culture growth, n 

(%) 
0 (%0) 

49 

(%100) 
<0.001 

Age, median (IQR) 52 (41-65) 
54 (37.5-

64.5) 
0.835 

BMI, median (IQR) 
35 

 (29.4-41) 

33.3 

(30.2-

42.2) 

0.647 

Obesity, n (%) 
67 

 (%70.5) 

38 

(%77.6) 
0.483 

Gravidity. median (IQR) 3 (2-5) 2 (1.5-3) 0.152 

Parity, median (IQR) 2 (1-4) 2 (1-3) 0.172 

Abortion, median (IQR) 0 (0-1) 0 (0-0.5) 0.973 

Number of living child, 

median (IQR) 
2 (1-3) 2 (1-3) 0.189 

Postmenopause, n (%) 52 (%54.7) 
29 

(%59.2) 
0.740 

Hypertension (HT), n (%) 44 (%46.3) 
31 

(%63.3) 
0.080 

Diabetes mellitus (DM), n 

(%) 
36 (%37.9) 

26 

(%53.1) 
0.118 

Drugs, n 

(%) 

OAD  
17 (%18.0) 

20 

(%40.9) 
0.002 

Insulin  6 (% 6.4) 3 (%6.1) 

Prednisolone 1 (%1.1) 2 (%4.0) 
OAD: Oral antidiabetics; BMI: Body mass index; p<0.05 is significant. 

 
 

Demographic, obstetric and history data of the patients are com-
pared between the two groups in Table 4. While the number of pa-
tients with growth in only the first culture was 95 (66%), the num-
ber of patients with growth in both cultures was 49 (34%). No sig-
nificant difference was found in terms of age, BMI, obstetric data, 
presence of menopause, HT and DM diagnoses between these two 
groups. However, there was a significant difference between the 
groups in terms of chronic drug use (p=0.002). 

Table 5 compares the data of the groups in the preoperative and 
postoperative follow-ups. No significant difference was found in 
terms of surgical approach. No significant difference was found in 
terms of being operated on due to malignancy, operation times, 

blood transfusion requirements and postoperative LMWH use. The 
median hospital stay before the development of SSI was signifi-
cantly longer in the study group (p=0.017). A significant difference 
was found in the number of antibiotics used in the treatment of SSI 
between the two groups (p=0.027). The use of triple and quadruple 
antibiotic regimens was more common in the study group. No 
significant difference was found in terms of the need for secondary 
sutures. 
 
 

 
Comparison of peroperative and postoperative follow-up data 

between the two groups. 
 

 
Control group 

(n=95) 

Study group 

(n=49) 
p 

Surgical approach, n (%) 

Pfannenstiel incision 19 (%20.0) 12 (%24.5)  

Lower midline 

incision 
23 (%24.2) 11 (%22.4) 0.796 

Midline incision 37 (%38.9) 18 (%36.7)  

Vaginal intervention 10 (%10.5) 3 (%6.1)  

Laparoscopic 

intervention 
6 (%6.3) 5 (%10.2)  

Presence of 

malignancy, n (%) 
43 (%45.3) 24 (%49.0) 0.805 

Operation time 

(minutes), median 

(IQR) 

95 (75-130) 100 (75-145) 0.499 

Blood transfusion, n (%) 

1 Unit 6 (%6.3) 4 (%8.2) 

0.446 

2 Unit 3 (%3.2) 0 (%0) 

3 Unit 2 (% 2.1) 0(%0) 

4 Unit 1 (% 1.1) 1 (%2.0) 

5 Unit 0(%0) 1 (%2.0) 

Use of LMWH 

(postoperative), n (%) 
75 (%78.9) 42 (%85.7) 0.447 

Length of stay (days), 

median (IQR) 
5 (4-9) 8 (4-18.5) 0.017 

Antibiotic treatment given according to the first culture, n (%) 

Single  72 (%75.8) 34 (%69.4) 0.027 

Double combination 18 (% 18.9) 6 (% 12.2)  

Triple combination 5 (% 5.3) 6 (% 12.2)  

Quadruple 

combination 
0 (% 0) 3 (% 6.1)  

Secondary suture 

requirement, n (%) 
7 (%7.4) 7 (%14.3) 0.236 

LMWH: Low-molecular-weight heparins; p<0.05 is significant. 

 
 
 
 

4. Discussion 

 
SSI, which affects surgical treatment outcomes, is the most com-

mon hospital-acquired infection2. The incidence of SSI after obstet-
ric and gynecologic surgery is between 4.6% and 10.3%1,2. However, 
defining risk factors for SSI is complex and difficult. Current findings 
in the literature on risk factors are generally limited due to small 
sample sizes and poor statistical power2.  

In the present study, and unlike in other studies examining in-
fection risk factors, all patients who had already had growth were 
included, but the risk factors of patients who had growth in the sec-

Table 3 

Table 4 

Table 5 
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ond culture despite appropriate treatment according to identified 
antibacterial sensitivities were investigated. In a meta-analysis in-
cluding 13 articles for SSI in gynecology, BMI ≥24, malignant lesions, 
≥60 minutes of surgery, ≥300 mL of intraoperative bleeding, urinary 
catheter retention time and ≥3 vaginal digital examinations were re-
ported as independent risk factors for SSI in obstetric and gyneco-
logical surgery2. Our findings support these data with nearly three-
quarters of our cohort being obese, more than half were operated 
for malignant reasons and the median surgery time was longer than 
one hour. However, only 18 (12.5%) patients required blood trans-
fusion. In a study including 206 Caesarean section operations, con-
trolling BMI, shortening the operation time, good bleeding control, 
and reducing the duration of urinary catheterization were found to 
be beneficial in preventing SSI5. 

In gynecological operations, incisions are usually applied to the 
skin, vulva, vagina, umbilical region and other areas where many mi-
croorganisms are found. These incisional surgical approaches are 
significant in terms of infection2. The operations with the lowest SSI 
rate are laparoscopy and sterilization (tubal ligation) surgeries. The 
highest infection rate was seen in radical and extended hysterecto-
mies. In addition, it has been suggested that vaginal hysterectomy 
(1%) has a lower SSI incidence than abdominal surgery (5.7%)10. 
Abdominal distension frequently occurs in the early postoperative 
period and therefore the wound layers are subjected to significant 
tension. From this perspective, it has been suggested that more fre-
quent use of transverse incisions will greatly reduce the incidence 
of both hernia and wound infection complications10. We also added 
the types of abdominal incisions applied to the patients and the vag-
inal approach rates to the study for comparison. However, we found 
that these differences were not a risk factor in terms of the develop-
ment of resistance to treatment in SSIs. 

The immune system is generally at risk in patients with malig-
nant tumors and SSIs are frequently seen in these patients2. How-
ever, in the present study, malignancy was not found to be a risk 
factor for resistance to treatment. It has been reported that HT is not 
a risk factor for SSI1,6. Our results support this as HT was not a risk 
factor for resistance to treatment. While DM is considered a risk fac-
tor for SSI in many studies11-15, such a finding was not reported oth-
ers1,2,6,7,16. Our findings also suggest that that DM was not a risk fac-
tor for SSIs in the study group. When we compared the BMIs and the 
number of obese patients between the two groups, there was no sig-
nificant difference and that SSIs were not a risk factor for resistance 
to treatment. Other studies have also found that high BMI was not a 
risk factor for SSI16. However, the meta-analysis of SSI in gynecolog-
ical surgery reported that BMI ≥24 kg/m2 conferred a 2.5 greater 
risk of SSI, BMI ˃28 a 16-fold increase in risk and and BMI ˃30 a 7-
fold increase in risk2. In addition to its anti-inflammatory and hyper-
glycemic effects, single-dose dexamethasone administration did not 
increase the risk of SSI (p=0.19)18. However, in our study, it was 
found that chronic prednisolone and oral antidiabetic use was sig-
nificantly more common in the group that developed treatment-re-
sistant SSI. 

The duration of surgery (˃1 hour or ˃1.5 hours) has been iden-
tified as a risk factor for SSI in several studies (1,2,5,10). In the pre-
sent study, the median duration of surgery was calculated as around 
1.5 hours. However, when we evaluated the resistance to treatment 
in SSI by comparing the two groups, no significant difference was 
found. The hemoglobin value of all patients who underwent surgery 
was above 10 mg/dL. However, it was observed that some patients 
had to be transfused with erythrocyte suspension, varying from 1-5 
units, in the postoperative period. When the two groups were com-
pared, no significant difference was found in terms of transfusion 
requirement. When the literature was examined, the need for blood 
transfusion was given as a risk factor for SSI1,2, and the need for 

blood transfusion is common in women with SSI (23.75%)10. How-
ever, another study stated that the need for blood transfusion was 
not a risk factor for SSI16. 

Infection is associated with increased hospital stay and there-
fore increased healthcare costs2. Studies have shown that a longer 
duration of hospitalization is associated with SSI that occurs 
later19,20. Our findings support this in the group that developed 
treatment-resistant SSI. It has been reported that the proportion of 
patients who required secondary sutures after SSI was high at 
87.7%4. In the present study, secondary sutures were needed in 
only 14 patients and no significant difference was detected between 
the two groups for this procedure. This suggests that the presence 
of resistant SSI does not predict the need for secondary sutures. 
 

 

5. Conclusion 
 

In the present study, chronic drug use, multiple antibiotic treat-
ment and long hospital stay before the development of SSI were 
evaluated as risk factors for treatment-resistant SSI. Clinicians 
should consider the possible risk of treatment-resistant infection in 
SSI patients who have a history of chronic drug use, especially ster-
oids and oral anti-diabetic therapies, having long-term hospital stay 
pre-operatively and/or with a history of multiple antibiotic treat-
ment regimens 
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1. Introduction 

 
Emergency services are a critical part of hospitals where pa-

tients can access healthcare services 24 hours a day, 7 days a week. 
According to the circular numbered 31952 dated 13.09.2022 of the 
General Directorate of Treatment Services of the Ministry of Health 
of the Republic of Türkiye, ‘It is essential that all patients applying 
to emergency services are evaluated as emergency patients upon 
their first application and admitted to emergency services and that 
procedures are carried out accordingly’, the complaints that the pa-
tient states they have are accepted as emergencies until the physi-
cian examines and diagnoses them. Every patient who applies to the 
Emergency Service and states that they have urgent complaints is 
an emergency. They are definitely examined, treated, directed, ad-
mitted or referred according to their condition.1 According to this 

circular, since the patient determines whether the patient is an 
emergency patient, a very serious workload has occurred in emer-
gency services. This situation has reached such proportions that it 
can sometimes cause delays in the care of patients who really need 
it in emergency services.2-4 

The COVID-19 pandemic has profoundly disrupted healthcare 
systems worldwide, leading to significant changes in patient behav-
iors, healthcare delivery, and resource allocation.5,6 Emergency de-
partments (EDs) and intensive care units (ICUs) have borne the 
brunt of these changes, serving as critical points of care during 
surges in COVID-19 cases.7 Lockdown measures, implemented glob-
ally to curb the spread of the virus, have further influenced 
healthcare utilization patterns, including a marked reduction in 

 
Aim: This study aimed to evaluate the impact of the COVID-19 pandemic on emergency department (ED) utilization 
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non-COVID-related ED visits and shifts in ICU admission rate.6,8 
In Türkiye, the effects of the COVID-19 pandemic on healthcare 

usage remain underexplored, particularly in the context of ED and 
ICU utilization during different pandemic waves and lockdown pe-
riods. Understanding these trends is essential for optimizing re-
source allocation, planning for future healthcare crises, and ensur-
ing patient safety during public health emergencies. 

This retrospective study aims to analyze ED visit volumes and 
ICU admission rates in Türkiye from 2019 to 2022, focusing on 
COVID-19 and non-COVID-related patterns during pandemic waves 
and lockdown periods. By leveraging Bayesian Structural Time Se-
ries (BSTS) methodology, we aim to provide robust causal infer-
ences on the impact of these interventions on healthcare utilization. 

2. Materials and Methods

This study was approved by the Eskişehir Education and 
Training Hospital of Medicine Non-Interventional Clinical Research 
Ethics Committee (Date: 15.02.2023; Decision No: ESH/GOEK 
2023/5). All procedures were conducted in accordance with the 
ethical principles outlined in the Declaration of Helsinki. 

After obtaining ethics committee approval, the monthly number 
of non-COVID-19 and COVID-19 emergency department visits and 
intensive care admissions were retrospectively recorded between 

October 2019 and January 2022. The peak periods of the COVID-19 
waves, as identified by the Ministry of Health of the Republic of 
Türkiye, were specifically noted and analyzed. According to the 
ministry's official data, the first wave occurred during March–May 
2020, the second wave during September–November 2020, and the 
third wave during March–May 2021.9 

The lockdown periods enforced by the Ministry of Internal 
Affairs of the Republic of Türkiye were determined based on official 
announcements.10 The first major lockdown was implemented in 
May 2020, and the second in December 2020. The effects of these 
periods on emergency department visits and intensive care 
admissions were analyzed. 

The number of non-COVID-19 emergency department visits in 
2019, prior to the pandemic, was compared with the corresponding 
months in 2020 and 2021. During the pandemic, total emergency 
department visits were categorized into COVID-19 and non-COVID-
19 groups for analysis. 
2.1. Statistical Analysis: 

The Bayesian Structural Time Series (BSTS) methodology was 
employed for causal inference, particularly in the absence of 
randomized controlled trials. This method constructs 
counterfactuals using state-space time series models to estimate the 
causal impact of interventions. Pre-intervention data of the target 
metric were integrated with control series unaffected by the 
intervention, leveraging their predictive value. 

Monthly time series graphics between 2019-2022  

a) COVID 19 and NON-COVID 19 emergency department applications b) Intensive care admission rate

a.

b.

Figure 1 
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Posterior inference on the impact of the COVID 19 ICU admission 

 

  May 2020 December 2020 

  Average Cumulative Average Cumulative 

Actual 0.13 0.64 0.013 0.174 

Prediction (s.d.) 0.0096 (0.031) 0.0482 (0.155) 0.043 (0.024) 0.556 (0.312) 

95% CI [-0.051, 0.071] [-0.253, 0.357] [-0.0045, 0.09] [-0.0583, 1.18] 

Absolute effect (s.d.) 0.12 (0.031) 0.59 (0.155) -0.029 (0.024) -0.381 (0.312) 

95% CI [0.057, 0.18] [0.284, 0.89] [-0.077, 0.018] [-1.001, 0.233] 

Relative effect (s.d.) 568% (347410%) 568% (347410%) -75% (4175%) -75% (4175%) 

95% CI [-6541%, 6235%] [-6541%, 6235%] [-214%, 115%] [-214%, 115%] 

Posterior tail-area probability p  0.00029  0.10771  

Posterior prob. of a casual effect  99.9712%  89%  
 
 
 
 

The BSTS framework incorporates a local-level random walk 
model and a regression component with static or dynamic 
coefficients, facilitating robust predictions. Predictor selection was 
optimized using a spike-and-slab prior, enabling efficient 
identification of relevant variables from large datasets. Causal 
effects were estimated using Markov Chain Monte Carlo (MCMC) 
sampling, which provided probabilistic estimates of intervention 
impacts. 

Compared to traditional methods, BSTS excels in accounting for 
uncertainty, trends, seasonality, and automated covariate selection. 
It is a robust and flexible tool for causal inference in complex 
medical scenarios.11 

According to this method, a statistically significant decrease in a 
post-lockdown series, or no significant difference between pre- and 
post-lockdown periods, indicates the effectiveness of the lockdown. 
A p-value < 0.05 was considered statistically significant. 

. 

3. Results 

 
A significant decrease in non-COVID-19 emergency department 

visits was observed during the pandemic compared to pre-
pandemic years (p=0.00075). In contrast, intensive care admissions 
were significantly higher during the first wave of the pandemic but 
gradually declined in subsequent months. The monthly time series 
analysis of emergency department visits and intensive care 
admissions is presented in Figure 1. 

The findings for the first and second lockdown periods are 
detailed in Table 1.  

During the first major lockdown, no statistically significant 
change was observed in COVID-19 emergency department visits 
(p=0.09358), while a significant decrease was noted in non-COVID-
19 emergency department visits (p=0.00084). Intensive care unit 
(ICU) admissions, on the other hand, increased significantly 
(p=0.00029). The average COVID-19 ICU admission ratio during the 
post-lockdown period was approximately 0.13, compared to an 
expected response of 0.0096 in the absence of intervention (95% 
interval: [-0.051, 0.071]). The estimated causal effect was 0.12 (95% 
interval: [0.057, 0.18]), with a p-value of 0.00029, indicating that the 
first lockdown did not reduce COVID-19 ICU admissions. These 
results are detailed in Figure 2. 

During the second major lockdown, a statistically significant 

increase was observed in the rate of COVID-19 emergency 
department visits (p=0.000001), whereas non-COVID-19 
emergency department visits showed a significant decrease 
(p=0.00019). ICU admissions exhibited a numerical decrease, but 
this change was not statistically significant (p=0.10771). The 
average COVID-19 ICU admission ratio during the post-lockdown 
period was approximately 0.013, while the expected response 
without intervention was 0.043 (95% interval: [-0.0045, 0.090]). 
The estimated causal effect was -0.029 (95% interval: [-0.077, 
0.018]), with a non-significant p-value of 0.10771. These results 
suggest that the second lockdown had a positive effect on reducing 
COVID-19 ICU admissions, as the increase observed prior to the 
lockdown did not continue. Detailed results for this period are 
shown in Figure 3. 
 
 

 
Causal impact analysis for COVID-19 ICU admissions: model results 

for the effects of the first major lockdown (May 2020) 

 

 

Table 1 

Figure 2 
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Causal impact analysis for COVID19 ICU admissions: model results 

for the effects of the second major lockdown 

 

 
 

4. Discussion 

 
Our study provides valuable insights into the impact of the 

COVID-19 pandemic on emergency department (ED) utilization and 
intensive care unit (ICU) admissions in Turkey. We observed a sig-
nificant reduction in non-COVID-19 ED visits during curfew periods, 
which aligns with findings from other studies conducted globally. 
However, despite this decrease, ICU admission rates did not show a 
statistically significant decline during these periods, emphasizing 
the critical care demands imposed by the pandemic. 

The reduction in non-COVID-19 ED visits can likely be attributed 
to factors such as fear of infection, government-imposed curfews, 
and public health policies encouraging individuals to delay or avoid 
seeking care unless absolutely necessary. This finding aligns with 
international reports, including studies from Canada (Rennert-May 
E), the Netherlands (Djik R), and Thailand (Yorsaeng R), which ob-
served comparable reductions in ED utilization during lockdowns, 
attributed to patient hesitancy and alterations in healthcare-seeking 
behaviors.12-14 A study conducted in Alberta, Canada, parallel to our 
study, examined changes in hospitalizations and ED visits before 
and after the implementation of public health measures during the 
COVID-19 pandemic, highlighting significant reductions in non-
COVID ED visits and shifts in healthcare utilization patterns, likely 
due to delayed care or changes in patient behavior during lock-
downs.12 A large-scale observational study from three hospitals in 
the Netherlands focused on ED use during the first and second 
COVID-19 waves of the pandemic. They examined changes and rates 
in patient volumes, urgency classifications, and hospitalizations. 
The study attributed the reductions in ED visits in part to public 
health messaging and quarantine measures.13 In our study, there 
were also significant decreases in non-COVID emergency room vis-
its. We believe that the reasons for this are fear of infection, curfews 

and health policies. 
A study from Thailand, while discussing the decrease in emer-

gency room visits during quarantines, noted increases in ICU admis-
sions and suggested that there were delays in presentation or care 
seeking behaviors for serious conditions during the restrictions. 
This study is consistent with our data.14 In our study, although 
emergency room visits decreased, especially during quarantine pe-
riods, there was no actual decrease in seriously ill patients. ICU ad-
missions did not change significantly. These decreases, while reduc-
ing ED crowding, may have delayed care for patients with critical 
non-COVID-19 conditions, leading to potential long-term health 
consequences. 

Interestingly, while ED visits declined, ICU admissions during 
certain periods either remained stable or increased, as observed 
during the first major lockdown in our study. This trend highlights 
the challenges of managing healthcare resources during a pandemic, 
where balancing the care needs of COVID-19 and non-COVID-19 pa-
tients becomes increasingly complex. A detailed examination of the 
ICU admissions ratio using advanced causal inference methods, 
such as the Bayesian Structural Time Series (BSTS) model, has 
strengthened the reliability of our findings, providing a robust 
framework for evaluating intervention impacts. 

Another important aspect of our findings is the shift in 
healthcare-seeking behavior, particularly in relation to inappropri-
ate ED visits. In Turkey, ED overcrowding due to inappropriate vis-
its is a well-documented issue, often driven by patients seeking 
faster service, quicker diagnostic results, or bypassing appointment 
delays in outpatient clinics. The COVID-19 pandemic significantly 
reduced these inappropriate visits, particularly among low-acuity 
(green area) cases, as supported by national and international stud-
ies.4,6,8 This period underscores the potential for public health crises 
to reshape healthcare utilization patterns, offering insights into how 
effective patient education and streamlined triage systems can opti-
mize ED use in the future. 

Additionally, our study highlighted the crucial role of triage sys-
tems in managing ED workflow during the pandemic. In ideal con-
ditions, triage systems direct patients to appropriate care levels 
based on urgency, yet variations in sociocultural factors, age, and 
regional differences can influence healthcare-seeking behavior. This 
discrepancy underscores the need for public awareness campaigns 
to educate individuals on appropriate ED usage and to promote pri-
mary care as a viable alternative for non-emergent issues. Studies 
from Turkey and other countries corroborate this need, highlighting 
the benefits of reducing inappropriate ED visits through targeted in-
terventions.15-18 

The COVID-19 pandemic also prompted significant shifts in 
healthcare policy and practice. The rapid adoption of telemedicine, 
enhanced community-based care, and increased reliance on pri-
mary care providers for managing stable COVID-19 cases demon-
strate the healthcare system’s adaptability during crises. These in-
novations, though born out of necessity, offer valuable lessons for 
addressing future public health emergencies, ensuring equitable ac-
cess to care, and alleviating pressure on hospital-based services.19 

Lastly, our findings suggest that the decreases in red and yellow 
area admissions during lockdown periods were partially influenced 
by external factors such as reduced traffic and decreased trauma 
cases due to limited mobility. However, the stable ICU admission 
rates indicate that critical care demands persisted, reinforcing the 
importance of maintaining robust ICU capacity during pandemics. 

Future research should explore the long-term effects of delayed 
care for non-COVID-19 conditions and evaluate the effectiveness of 
policies aimed at optimizing healthcare delivery during crises. This 
includes refining triage systems, expanding public health education, 
and leveraging data-driven tools like BSTS models to guide 

Figure 3 
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healthcare planning and decision-making. 
4.1. Limitations of study 

This study has several limitations that should be acknowledged. 
One of the primary limitations is the classification of emergency de-
partment visits into only two categories: COVID-19 and non-COVID-
19 cases. While this approach provides a broad understanding of the 
pandemic’s impact, it may overlook important nuances in patient 
presentations. A more detailed stratification of emergency depart-
ment visits, such as categorizing patients based on triage levels 
(green, yellow, and red zones), could have provided a more granular 
understanding of the effects of the pandemic on emergency 
healthcare utilization. This would have allowed for a clearer assess-
ment of the severity of conditions and better insights into how dif-
ferent acuity levels were affected during lockdown and non-lock-
down periods. 

Additionally, as this study relies on retrospective data, it is sub-
ject to inherent limitations such as the accuracy and completeness 
of medical records. Factors such as variations in triage protocols, 
changes in healthcare-seeking behavior, and potential underreport-
ing during the pandemic could also influence the findings. Future 
studies incorporating real-time data collection and more detailed 
patient categorization could yield more robust and actionable in-
sights. 

 
 

5. Conclusion 
 

This study highlights the significant impact of COVID-19 waves 
and lockdown measures on healthcare utilization in Turkey, with a 
marked reduction in non-COVID-19 emergency department visits 
and fluctuating ICU admissions. The findings underscore the need 
for adaptive healthcare strategies to address the dual burden of pan-
demic and non-pandemic care demands. Using Bayesian Structural 
Time Series methodology, this analysis provides a robust frame-
work for evaluating interventions, offering valuable insights for op-
timizing resource allocation during future public health crises. Fur-
ther research is warranted to explore the long-term consequences 
of these trends and improve resilience in healthcare systems. 
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1. Introduction

Pediatric distal tibial physeal fractures are the most common in-
juries following distal radius and phalangeal physeal fractures 1. 
They account for approximately 11-20% of all physeal fractures 2,3. 
Inadequate reduction and joint incongruity may lead to premature 
physeal closure and deformities 4. The rates of premature physeal 
closure following pediatric distal tibial physeal fractures can reach 
up to 38% 5. 

During the rapid growth phase of childhood, the distal tibial phy-
sis contributes approximately 5 mm of longitudinal growth per year 
6. Angular deformities and limb length discrepancies may manifest 
1 to 2 years following a physeal injury 7. 

There is evidence in the literature suggesting that factors such 

as the Salter-Harris (SH) classification of the fracture, the degree of 
initial displacement, the magnitude of the physeal gap following sur-
gical intervention, the presence of an associated fibular fracture, and 
the timing of surgical treatment are significantly correlated with the 
risk of premature physeal closure 1,2,8. It has been reported that 
Salter-Harris type I and II fractures, as well as achieving anatomic 
reduction, are associated with a reduced risk of premature physeal 
closure 5. 

The literature includes multiple publications examining the 
relationship between Salter-Harris fracture types and premature 
physeal closure. However, no studies have comprehensively ana-
lyzed Triplane, McFarland, Tillaux, and other Salter-Harris fracture 

Aim: To evaluate the impact of factors such as fracture type, initial displacement, reduction method, associated 

fibular fractures, and trauma mechanism on the occurrence of premature physeal arrest in pediatric distal tibial 

physeal fractures. 

Methods: This retrospective study included 83 pediatric patients who underwent surgical treatment for distal 

tibial physeal fractures between 2019 and 2024 at two centers. Data on fracture type (Salter-Harris classification, 

McFarland, tillaux, triplanar), reduction method (open/closed), fixation technique, and mechanism of injury were 

analyzed. Angular deformities were assessed using lateral distal tibial angle (LDTA) and anterior distal tibial angle 

(ADTA). Statistical analysis was performed using SPSS software, with significance set at p<0.05. 

Results: The cohort included 59 males (71%) and 24 females (29%) with a mean age of 12 years. Premature physeal 

closure was observed in 10 patients (12%), with higher rates in Salter-Harris type 4 (50%) and McFarland fractures 

(50%). One McFarland fracture resulted in varus deformity, necessitating corrective osteotomy. Among all distal 

tibial fractures, traffic accident-related injuries were significantly associated with higher rates of physeal arrest. 

The incidence of premature closure in triplanar and Tillaux fractures was 4.5% and 12.5%, respectively, consistent 

with literature data. 

Conclusion: Salter-Harris type 4 and McFarland fractures, as well as high-energy trauma, are significant risk fac-

tors for premature physeal arrest. Patient education and close follow-up are critical for early detection and man-

agement of complications. Prospective, randomized studies are warranted to further elucidate these findings. 
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Original Article Cukurova Anestezi ve Cerrahi Bilimler Dergisi 

Corresponding Author: Yasin Erdoğan, yasin-erdgn@hotmail.com, Received: 03.01.2025, Accepted: 25.02.2025, Available Online Date: 15.03.2025 Cite this article as: Erdogan 

Y, Nazlıgül AS, Hüven Ş, Talibli T, Akgün E, Veizi E. Pediatric Distal Tibial Physeal Injuries and Their Role in Premature Physeal Arrest: A Multi-Center Retrospective Study. J 

Cukurova Anesth Surg. 2025;8(1):35-40. https://doi.org/10.36516/jocass.1611840 Copyright © 2025 This is an open access article distributed under the terms of the Creative 

Commons Attribution-Non-Commercial-No Derivatives License 4.0 (CC-BY-NC-ND), where it is permissible to download and share the work provided it is properly cited. The work 

cannot be changed in any way or used commercially without permission from the journal. 

35

https://orcid.org/0000-0001-6862-9671
https://orcid.org/0000-0003-3451-3691
https://orcid.org/0000-0001-5174-7970
https://orcid.org/0009-0008-0472-1717
https://orcid.org/0000-0002-7461-3526
https://orcid.org/0000-0002-1289-4959


Ortucu et al.   Volume 8 Issue 1 2025 https://dergipark.org.tr/en/pub/jocass   

 

types together.  
In this study, we aimed to evaluate the impact of initial post-re-

duction displacement, Salter-Harris (SH) fracture type, the method 
of reduction, the presence of an associated fibular fracture, and the 
mechanism of trauma on the occurrence of physeal arrest. Our hy-
pothesis was that the risk of premature physeal closure increases 
with higher Salter-Harris classifications and greater injury energy. 
 
 

2. Materials and Methods 
 
This retrospective study was conducted following approval from 

the Local Ethics Committee (approval number: AEŞH-BADEK-2024-
450). Two different centers were included in our study: Ankara 
Bilkent City Hospital between March 2019- March 2024 and Ankara 
Etlik City Hospital November 2022-March 2024 Orthopedics and 
Traumatology Clinic between March 2019-March 2024. The centers 
included in this study are designated advanced trauma centers, with 
comparable surgical equipment and a similar level of surgical 
expertise across all institutions. The study included patients who 
underwent surgery for pediatric distal tibial fractures involving 
physics. Patients who were postoperative for at least 6 months and 
had complete preoperative and postoperative radiological and 
clinical data were included in the study. Patients with open 
fractures, patients with pathological fractures, patients with 
fractures in more than one extremity, and patients who were 
followed conservatively with a cast were excluded from the study. 

Data such as age, gender, affected side, fracture type (Salter-
Harris classification, McFarland fracture, Tillaux ,Triplane fracture), 
amount of displacement after initial reduction, presence of fibula 
fracture, open or closed reduction, fixation method, mechanism of 
injury (falling, sports injury, traffic accident), Lateral Distal Tibial 
Angle (LDTA) and Anterior Distal Tibial Angle (ADTA) at last follow-
up were extracted from the database.  

Radiographic measurements were conducted using the Picture 
Archiving and Communication System (PACS). Radiological 
measurements were made by an experienced orthopedic surgeon. 
Angular deformity of the ankle was measured using a line drawn 
parallel to the tibial plafond and a second line drawn parallel to the 
tibial shaft based on AP and lateral radiographs (Figure 1) 9. 
 
2.1. Statistical analysis 

SPSS version 21.0 software (IBM Corp., Armonk, NY, USA) was 
utilized for statistical analysis. The normality of variable distribu-
tions was assessed using the Kolmogorov-Smirnov and Shapiro-
Wilk tests, as well as Q-Q plots and histograms. Variables with nor-
mal distributions were presented as mean ± standard deviation, 
while non-normally distributed variables were reported as median 
(minimum-maximum) values. Categorical data were expressed as 
frequency (percentage). 

For comparisons, the Pearson Chi-square test was employed for 
categorical variables with sufficient observations, while Fisher’s Ex-
act test was used for those with insufficient observations. Post hoc 
analyses for statistically significant results involving more than two 
categories were conducted using the Bonferroni method. For con-
tinuous variables, Student's t-test was applied to compare two inde-
pendent groups with normal distributions, whereas the Mann-Whit-
ney U test was used for non-normally distributed variables. A p-
value of <0.05 was considered statistically significant. 

 
 
 
 
 

 
Measurement of angular deformity patients 

 

 
A. Line drawn parallel to the tibial plafond on the anteroposterior 
radiograph, B. Line drawn along the tibial medullary axis on the 
anteroposterior radiograph, C. Line drawn parallel to the tibial 
plafond on the lateral radiograph, D. Line drawn along the tibial 
medullary axis on the lateral radiograph. 

 
 

 
Postoperative radiographies 

 

 
A. Early postoperative anteroposterior radiograph, B. Early 
postoperative lateral radiograph, C. 6th-month postoperative 
anteroposterior radiograph, D. 6th-month postoperative lateral 
radiograph, E. 6th-month postoperative limb length radiograph 

 
 
 
 
 
 

Figure 1 

Figure 2 
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3. Results 

 
A total of 83 patients, comprising 59 males (71%) and 24 fe-

males (29%), were included in the study. The mean age of the pa-
tients was 12 years (8–15 years). Among the cases, 42 patients 
(50.7%) underwent surgery on the right side, while 41 patients 
(49.3%) had surgery on the left side. 

Among the patients, 4 (4.8%) were diagnosed with McFarland 
fractures, 27 (32.5%) with Salter-Harris (SH) type 2 fractures, 15 
(18%) with SH type 3 fractures, 6 (7.2%) with SH type 4 fractures, 
8 (9.6%) with Tillaux fractures, and 23 (27.7%) with triplanar frac-
tures (Table 1). During surgery, a closed reduction was performed 
in 70 patients (84.4%), while open reduction was performed in 13 
patients (15.6%). Fixation methods included cannulated screws in 
56 patients (64.7%), K-wires in 25 patients (30.1%), and a 
combination of both K-wires and cannulated screws in 2 patients 
(2.4%) (Table 1). 

Premature physeal closure was observed in 10 patients (12%). 
Among six patients with SH type 4 fractures, three experienced 

physeal closure. Additionally, two out of four patients with McFar-
land fractures developed premature physeal closure, and one of 
these cases progressed to varus deformity. The patient with varus 
deformity underwent corrective osteotomy at the sixth month post-
injury. Analysis of the mechanism of injury revealed that fractures 
resulting from traffic accidents were significantly associated with an 
increased incidence of premature physeal closure (Table 2). 

It was determined that the amount of residual displacement af-
ter the initial reduction and the presence of an associated fibular 
fracture had no significant effect on the incidence of premature 
physeal closure (Table 2). 

The mean lateral distal tibial angle (LDTA) and anterior distal 
tibial angle (ADTA) values for the patients were within normal lim-
its, except for one patient. In a patient with a McFarland fracture, the 
LDTA was measured at 104°, indicating the presence of varus de-
formity (Figure 2). Notably, the ADTA values were found to be 
within normal limits in all patients, including the patient with varus 
deformity (Table 3). 

 
 
 

 
Summary of Patient Data for Patients 

 

 n=831 

Gender 
❖ Male 59 (71.0%) 

❖ Female 24 (29.0%) 

Age (years) 12 (8-16) 

Side 
▪ L 41 (49.3%) 

▪ R 42 (50.7%) 

Fracture Type 

❖ McFarland 4 (4.8%) 

❖ SH-Type 2 27 (32.5%) 

❖ SH-Type 3 15 (18.0%) 

❖ SH-Type 4 6 (7.2%) 

❖ Tillaux 8 (9.6%) 

❖ Triplanar 23 (27.7%) 

Surgery 

▪ Cannulated Screw 56 (67.4%) 

▪ K-wire 25 (30.1%) 

▪ Both 2 (2.4%) 

Post-Reduction Displacement (mm) 2.4 (1.0-9.2) 

Physis closed 
❖ Open  73 (88%) 

❖ Closed  10 (12%) 

Reduction Methods 
▪ Open 13(15.6%) 

▪ Closed 70 (84.4%) 

Fibula Fracture 
❖ Yes  14 (16.8%) 

❖ no 69 (83.1%) 

Last Follow-up LDTA (degrees) 89 (88-104) 

Last Follow-up ADTA 80 (78-84) 

Injury Mechanism 

▪ Fall 37 (44.5%) 

▪ Sports injury 36 (43.3%) 

▪ Traffic accident 10 (12%) 
1:n (%), median(min.-max.) 

ADTA: Anterior Distal Tibial Angle 

LDTA: Lateral Distal Tibial Angle 

 
 
 
 
 
 
 

Table 1 
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The data of patients between premature physeal closure group and open physis group 

 

 Open Physis, N=731 Premature Physeal Closure, N=101 p 

Gender  
❖ Male 52 (71.2%) 7 (70%) 

>0.9992 
❖ Female 21 (28.7%) 3 (30%) 

Age (years) 12 (8-15) 13 (9-15) 0.6843 

Side  
▪ Left 34 (46.5%) 7 (70%) 

0.0852 
▪ Right 39 (53.5%) 3 (20%) 

Fracture Type 

❖ McFarland 2 (2.7%) 2 (20%) 

0.0152 

❖ SH type 2  26 (35.6%) 1 (10%) 

❖ SH type 3  15(20.5%) 2 (20%) 

❖ SH type 4  3 (4.1%) 3 (30%) 

❖ Tillaux 7 (9.5%) 1(10%) 

❖ Triplane 21 (28.7%) 1 (10%) 

Post-Reduction Displacement (mm) 2.4 (1.0-9.2) 2.5 (1.6-5.1) 0.6193 

Reduction 
▪ Open 8 (10.9%) 4 (40%) 

0.0542 
▪ Close  65 (89.0%) 6 (60%) 

Fibula Fracture 
❖ Yes 10 (13.6%) 4 (40%) 

0.0762 
❖ No 63 (86.4%) 6 (60%) 

Last Follow-Up LDTA (degrees) 89 (88-90) 89 (88-104) 0.8373 

Last Follow-Up ADTA (degrees) 80 (78-84) 82 (80-84) 0.1073 

Trauma 

Mechanism 

▪ Fall  36 (49.3%) 2 (20%) 

0.0152 ▪ Sports injury 33 (45.2%) 4 (40%) 

▪ Traffic accident 4 (5.4%) 4 (30%) 
1: n(%); Median (min.-max.), 2: Fisher exact Test, 3: Mann-Whitney U Test 

 

 

 

 
The data of patients in premature physeal closure group 
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1 Male 14 L Triplanar 
Cannulated 

screw 
2.5 Close Yes No 89 82 Fall 

2 Female 10 L McFarland 
Cannulated 

screw 
2.5 Open No No 91 84 

Sports 

Injury 

3 Male 14 L Tillaux 
Cannulated 

screw 
4.8 Open No No 89 82 Fall 

4 Male 13 R SH Type 2 
Cannulated 

screw 
1.8 Close No No 89 81 

Traffic 

Accident 

5 Male 14 L SH Type 3 
Cannulated 

screw 
2.2 Close Yes No 88 83 

Sports 

Injury 

6 Male 9 L SH Type 3 K-wire 1.6 Close No No 89 80 Fall 

7 Male 15 L SH Type 4 
Cannulated 

screw 
5.1 Open No No 89 80 

Sports 

Injury 

8 Male 11 L SH Type 4 
Cannulated 

screw 
3.5 Close Yes No 89 80 

Traffic 

Accident 

9 Male 13 R SH Type 4 K-wire 2.4 Close No No 88 82 
Sports 

Injury 

10 Female 12 R McFarland 

K-wire and 

cannulated 

screw 

2.2 Open No Yes 104 82 
Traffic 

Accident 

 

 

 
 
 
 

Table 2 

Table 3 
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4. Discussion 

 
The most significant finding of our study is that Salter-Harris 

type 4 fractures and McFarland fractures are associated with a sig-
nificantly higher incidence of premature physeal arrest. Another 
key result is that injuries resulting from traffic accidents are more 
frequently associated with premature physeal arrest compared to 
those caused by simple falls or sports-related injuries. 

Several risk factors contribute to premature physeal arrest fol-
lowing pediatric distal tibial physeal fractures, including the type of 
fracture, mechanism of injury, initial displacement, number of re-
duction attempts, quality of reduction, and patient age. In a study 
conducted by Rohmiller et al.10, growth disturbances of the physis 
were observed in 39.6% of cases involving Salter-Harris (SH) type 1 
and type 2 fractures. In a study conducted by Barmada et al., prem-
ature physeal arrest was most commonly observed in Salter-Harris 
(SH) type 3 and type 4 fractures. Additionally, SH type 1 and type 2 
fractures were identified as the second most frequent types associ-
ated with physeal arrest 5. In various studies, differing results have 
been reported due to the heterogeneity of study groups and a pre-
dominant focus on fracture classification rather than the mecha-
nism of injury. Similarly, in our study, premature physeal arrest was 
most frequently observed in Salter-Harris (SH) type 4 fractures. 

The fractures referred to as McFarland fractures, involving the 
medial malleolus, can be classified as Salter-Harris (SH) type 4 or 
type 5 fractures 8. It has been reported that physeal bar formation 
can occur in up to 50% of McFarland fractures 1,8,11. In a study con-
ducted by Petratos et al.8, the incidence of premature physeal arrest 
in McFarland fractures was reported to be 35%. In our study, both 
McFarland fractures were classified as SH type 4 fractures, and the 
observed physeal bar formation was consistent with the literature. 
Among all distal tibial fractures involving the physis in our study, 
only one McFarland fracture resulted in a varus deformity requiring 
surgical correction. This patient underwent corrective osteotomy at 
the sixth month post-injury. 

In older pediatric populations, triplanar and Tillaux fractures 
are typically associated with a low risk of premature epiphyseal 
plate closure5. The literature reports a frequency of premature epi-
physeal closure in triplanar fractures ranging between 4% and 21% 
5,12. In our study, the incidence of premature epiphyseal closure in 
triplanar fractures was found to be 4.5%, which is consistent with 
the reported range in the literature. Although premature physeal 
closure has not been reported in the literature following Tillaux 
fractures, in our study, physeal arrest was observed in 12.5% of 
Tillaux fractures 13. This high rate is thought to be attributable to the 
small sample size in this group and the relatively lower average age 
of the patients. 

Several studies have highlighted a significant association be-
tween the mechanism of injury and the occurrence of premature ep-
iphyseal arrest. Rohmiller et al.10 reported that pronation-abduction 
type injuries are more frequently linked to premature physeal ar-
rest compared to supination-external rotation type injuries. Fur-
thermore, it has been proposed that the energy magnitude of the 
trauma plays a significant role in determining the likelihood of 
premature physeal arrest14. Physeal arrest was observed more fre-
quently in patients with fractures resulting from traffic accidents. 
We hypothesize that the likelihood of premature physeal arrest in-
creases with the energy level of the trauma. 

The retrospective nature of our study and the relatively small 
sample size represent its primary limitations. However, the inclu-
sion of diverse fracture types, such as Salter-Harris, triplanar, 
McFarland, and Tillaux fractures, and the comparative analysis of 
these groups are considered valuable contributions to the existing 
literature. Nevertheless, further prospective, randomized studies 

are needed to provide more robust evidence on this topic. 
 
 

5. Conclusion 
 

High-energy trauma, Salter-Harris type 4 fractures, and McFar-
land fractures are significant risk factors for premature physeal ar-
rest. In this context, it is crucial to inform the parents of the affected 
children about these risks and emphasize the importance of close 
follow-up in these cases to monitor for potential complications. 
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1. Introduction

Parkinson's disease (PD) is a multisystem disorder associated
with α-synuclein aggregates throughout the central, autonomic and 
peripheral nervous system, clinically characterized by motor and 
non-motor symptoms (NMS)1. Current criteria define PD as the 
presence of resting tremor, rigidity or bradykinesia with both. 
However, the clinical presentation is multifaceted and includes 
many non-motor symptoms1.  

Representing a preclinical phase spanning 20 or more years, 
NMS in PD is linked to the widespread distribution of α-synuclein 
pathology that is not restricted to the dopaminergic nigrostriatal 
system, which is responsible for the core motor features of PD2. 
There is increasing evidence that mitochondrial dysfunction, 
microglial activation, α-synuclein accumulation, ageing and protein 
misfolding contribute to the development of Parkinson's disease 

(PD). In addition, neuroinflammation, oxidative stress and impaired 
antioxidant defenses play an important role in its pathogenesis3. In 
addition to the non-nigral brainstem nuclei, α-synuclein pathology 
involves the sympathetic and parasympathetic, enteric, cardiac and 
pelvic plexuses, and many other organs, showing a topographic and 
chronological spread, especially in the prodromal stages of the 
disease2. In this context, symptoms such as olfactory disturbance, 
constipation, cardiovascular dysfunction, rapid eye movement 
(REM) sleep behavior disorder, depression, anxiety and others have 
been described4-6. Despite the studies, the pathophysiological 
mechanisms underlying NMS remain unclear and both 
dopaminergic (DA) and non-DA systems are thought to play a role2.  
However, it is a known fact that the severity and burden of NMS 
increase over time, impairing the quality of life of patients, 

Aim: Non-motor symptoms (NMS) significantly impact Parkinson's disease (PD) patients, yet their relationship with 

disease progression and quality of life requires further investigation. We aimed to evaluate the relationships be-

tween NMS burden, motor symptoms, disease duration and quality of life in PD patients.  

Methods: In our study, 141 patients (60 females, 81 males; mean age 63.0 (33.0 - 93.0)) with PD diagnosed 

according to the United Kingdom Parkinson's Disease Society Brain Bank Criteria for Idiopathic PD were included. 

NMS were assessed using the NMS Scale. Motor symptoms were evaluated using Unified Parkinson's Disease Rating 

Scale Part III (UPDRS-III) and Hoehn-Yahr (H&Y) staging. Quality of life was measured using Parkinson's Disease 

Questionnaire-39 (PDQ-39). Disease duration was categorized into three groups: <4 years, 5-8 years, and >9 years. 

Statistical analyses included correlation coefficients, multivariate logistic regression, and linear regression models. 

Results: NMS burden strongly correlated with quality of life (r=0.507, p<0.001) and motor symptoms (r=0.504, 

p<0.001). Age (p<0.001), disease duration 5-8 years (p<0.001) or 9< years (p<0.001), UPDRS-III (p<0.001), levo-

dopa equivalent daily dose (LEDD) (p<0.001) and H&Y >3 (p<0.001) were significant in the univariate analysis. In 

the multivariate stage, age (p<0.001), disease duration 9< years (p=0.015) and UPDRS-III (p=0.004) remained 

statistically significant. Each one-unit increase in UPDRS-III increased PDQ-39 by 1.91 points and each one-point 

increase in NMS total score increased PDQ-39 by 3.35 points (p<0.001 for each). 

Conclusion: Our study once again emphasizes the importance of non-motor symptoms in PD. Instead of the 

traditional approach focusing on motor symptoms, approaches that will address the quality of life of patients in 

a holistic manner should be developed.  
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increasing the burden of caregivers and social costs7,8. Therefore, it 
is very important to understand that non-motor symptoms should 
be addressed together with motor symptoms for the proper care of 
PD patients. 

In our study, we aimed to evaluate the relationships between 
NMS burden and subscale scores and motor symptoms, disease 
duration, levodopa equivalent daily dose (LEDD) and quality of life 
in PD patients.  

 
 

2. Materials and Methods 
 

2.1. Design of study and compliance 

In our cross-sectional study conducted in strict adherence to the 
Declaration of Helsinki, the study protocol was approved by the 
local Ethics Committee in Adana, Turkey, at its meeting on 05 
December 2024 (decision no: 250) and written informed consent 
was given by all participants. Informed consent complies with 
standards for scientific studies and includes a detailed and 
understandable summary of the study, the purpose of the study, 
confidentiality criteria, times and methods of preservation of 
biological material, and personal information of the participants. 
 
2.2 Study participants 

In our study, 141 patients (60 females, 81 males; mean age 63.0 
(33.0 - 93.0)) with PD diagnosed according to the United Kingdom 
Parkinson's Disease Society Brain Bank Criteria for Idiopathic PD 
were included. Patients were divided into three groups according to 
disease duration: <4 years, 5-8 years and >9 years. Patients with 
Parkinson plus syndrome, those with secondary parkinsonism 
(drug-induced, vascular, tumoral causes), those with a previous 
diagnosis of dementia or psychosis, and those who could not 
cooperate with the tests were excluded. In addition to a detailed 
history and neurological examination performed by the same 
movement disorder specialist, demographic findings and 
treatments were recorded and non-motor symptoms were recorded 
with the NMS scale. The NMS scale9 consists of 30 questions with a 
dichotomous response of present or absent for each item in six 
domains: neuropsychiatric symptoms (items 12-17, 30), autonomic 
disorders (items 1, 3-9, 18-21, 28), olfactory disorders (item 2), 
sleep disorders (items 22-26), sensory symptoms (item 10) and the 
others (items 11, 27, 29). The total NMS scale score ranges from 0-
30 by counting "yes" responses. The scores indicate how many 
different NMS the patient has. Accordingly, patients were classified 
as mild (1-5 points), moderate (6-9 points), severe (10-13 points) 
and very severe (≥14 points). Unified Parkinson's Disease Rating 
Scale (UPDRS) motor scores10 Hoehn-Yahr (H&Y) stage10,11 and 
LEDD were recorded.  In addition, quality of life was evaluated with 
the Parkinson's Disease Questionnaire – 39 (PDQ-39)12 scale. 
 
2.3. Statistical Method 

Statistical analyses were performed using Jamovi (Version 
2.3.28) and JASP (Version 0.19.2) software packages. In the analysis 
of demographic and clinical characteristics of Parkinson's patients, 
the conformity of continuous variables to normal distribution was 
evaluated by Shapiro-Wilk test and Q-Q plot graphs. Since the data 
were not normally distributed, descriptive statistics of numerical 
data were presented as median [minimum-maximum] and 
categorical data were presented as frequency (n) and percentage 
(%). 

Kruskal-Wallis H test for continuous variables was used to 
compare the clinical characteristics and NMS severity of the patients 
according to disease duration (<4 years, 5-8 years, 9< years). When 
significant differences were found between the groups, post-hoc 
pairwise comparisons were performed with the Dwass-Steel-

Critchlow-Fligner test. Pearson Chi-square test or Fisher's 
Exact/Fisher Freeman Halton test was used for the comparison of 
categorical variables (gender, educational status, H&Y scale, NMS 
severity classification) between the disease duration groups when 
the expected values were less than 5. 

Spearman correlation analysis was used to analyse the 
relationships between the total NMS scale score, subscale scores 
and other clinical parameters (age, duration of education, PDQ-39, 
UPDRS-III, LEDD) because the variables were not normally 
distributed. Correlation coefficients (r) were calculated and 
significance levels were determined. 

Univariate and multivariate logistic regression analyses were 
performed to determine the determinants of H&Y scale score (≤2 
and >3). Model fit was analyzed by Hosmer-Lemeshow test 
(p>0.05). Variance inflation factors (VIF<10) and tolerance values 
(>0.2) were calculated for the multicollinearity problem between 
independent variables. The linearity assumption was checked by 
evaluating the relationship between the continuous independent 
variables and the logit transformed dependent variable with the 
Box-Tidwell test. Standardized residuals (±3), Cook's distance (<1) 
and leverage values were examined for outliers and influential 
observations. In univariate analyses, the effects of age, gender, 
educational status, disease duration, UPDRS-III, LEDD and NMS total 
score were examined. Variables with p<0.20 in univariate analyses 
were included in the multivariate model, while clinical importance 
was also considered in variable selection. Results were presented 
with odds ratio (OR) and 95% confidence intervals. 

Linear regression analyses were performed separately to 
determine the factors affecting PDQ-39 quality of life scale, UPDRS-
III motor symptom score, LEDD and NMS total score. Univariate 
analyses were performed for each dependent variable. In 
multivariate models, enter method was used and variables with 
p<0.20 in univariate analyses were evaluated. Regression 
coefficients (β) and 95% confidence intervals were calculated. 
Assumptions (normality, linearity, equivariance, multicollinearity, 
multicollinearity) were checked for the suitability of the models. 
The significance level was accepted as p≤0.05 in all statistical 
analyses. In post-hoc analyses for inter-group comparisons, p values 
corrected for multiple comparisons were used. 
 
 

3. Results 

 
The median age of the PD (n=141) who participated in the study 

was 63 years (33-93), 57.4% were male (n=81) and 42.6% (n=60) 
female. Formal education was available in 76.6% of the patients and 
the median duration of education was 5 years (3-15). The median 
disease duration was 1 year (1-3), PDQ-39 quality of life scale score 
was 51 (4-134), UPDRS-III motor symptom score was 16 (6-40) and 
LEDD was 400 mg/g (150-1700). 72.3% (n=102) of the patients had 
H&Y stage ≤2. According to the total score of the NMS scale, 22% of 
the patients had mild (1-5 points), 27% moderate (6-9 points), 
25.5% severe (10-13 points) and 25.5% very severe (≥14 points) 
non-motor symptoms (Table 1). 

Significant positive correlations were found between NMS scale 
total score and age (r=0.380), PDQ-39 (r=0.507), UPDRS-III 
(r=0.504) and LEDD (r=0.473) (p<0.001 for all). When the subscales 
were analysed, gastrointestinal symptoms correlated with LEDD 
(r=0.352, p<0.001) and UPDRS-III (r=0.248, p=0.003); urinary 
symptoms correlated with age (r=0.431, p<0.001) and LEDD 
(r=0.381, p<0.001); sexual dysfunction with UPDRS-III (r=0.353, 
p<0.001) and age (r=0.290, p<0.001); cardiovascular/falling 
symptoms with UPDRS-III (r=0.480, p<0.001) and PDQ-39 (r=0.282, 
p<0.001); attention/memory problems with PDQ-39 (r=0.411, 
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p<0.001) and age (r=0.272, p=0.001); sleep disorders showed 
significant correlations with PDQ-39 (r=0.414, p<0.001) and 
UPDRS-III (r=0.323, p<0.001) (Table 2). 

 Linear regression analyses for the PDQ-39 score showed a 
higher score of 27.25 points (p<0.001) in patients with a disease 
duration of 5-8 years and 13.43 points (p=0.029) in patients with a 
disease duration of 9< years compared to the <4 year group. Each 
one-unit increase in UPDRS-III increased PDQ-39 by 1.91 points and 
each one-point increase in NMS total score increased PDQ-39 by 
3.35 points (p<0.001 for each). In multivariate analysis, UPDRS-III 
(p<0.001) and NMS total score (p<0.001) remained significant, 
whereas the significance of disease duration and LEDD variables 

disappeared (Table 3). 
Age (p<0.001), disease duration 5-8 years (p<0.001) or 9< years 

(p<0.001), UPDRS-III (p<0.001), LEDD (p<0.001) and H&Y >3 
(p<0.001) were significant in the univariate analysis. In the 
multivariate stage, age (p<0.001), disease duration 9< years 
(p=0.015) and UPDRS-III (p=0.004) remained statistically 
significant; the effects of LEDD and H&Y were not significant at this 
level (p>0.05) (Table 4). These results showed that the progressive 
increase of both motor and non-motor symptoms in PD was 
associated with prolonged disease duration and an increase in 
UPDRS-III score, whereas quality of life was more under the 
integrated effect of motor and non-motor burden. 

 
 

 
Descriptive statistics on demographic and clinical characteristics in patients with Parkinson's disease 

 

  Overall (n=141) 

Age  63.0 [33.0 - 93.0] 

Gender (%) 
Woman 60 (42.6) 

Male 81 (57.4) 

Education Status (%) 
None 33 (23.4) 

There is 108 (76.6) 

Duration of Education (year)  5.0 [3.0 - 15.0] 

Duration of Illness  1.0 [1.0 - 3.0] 

PDQ-39  51.0 [4.0 - 134.0] 

H&Y Scale (%) 
≤ 2 102 (72.3) 

>3 39 (27.7) 

UPDRS-III  16.0 [6.0 - 40.0] 

LEDD  400.0 [150.0 - 1700.0] 

NMS Scale Total Score Classification 

Light (1-5) 31 (22.0) 

Medium (6-9) 38 (27.0) 

Heavy (10-13) 36 (25.5) 

Very severe (≥14) 36 (25.5) 

NMS Scale Total Score  10.0 [2.0 - 17.0] 

Gastrointestinal  2.0 [0.0 - 5.0] 

Urinary  2.0 [0.0 - 2.0] 

Sexual function  0.0 [0.0 - 2.0] 

Cardiovascular/Fall  0.0 [0.0 - 2.0] 

Attention/Memory  1.0 [0.0 - 3.0] 

Perception problems  0.0 [0.0 - 2.0] 

Mood  1.0 [0.0 - 2.0] 

Sleep  1.0 [0.0 - 4.0] 

Other  1.0 [0.0 - 3.0] 

‡: n (%), §: Median [Min.-Max.], H&Y Scale: Hoehn-Yahr Scale, LEDD: Levodopa Equivalent Daily Dose, NMS: Non-Motor Symptom, PDQ-39: 

Parkinson's Disease Questionnaire-39, UPDRS-III: Unified Parkinson's Disease Rating Scale Part III. 

 

 

 
Correlation of demographic and clinical characteristics with non-motor symptom severity in patients with Parkinson's disease 

 

 Age Training Duration PDQ-39 UPDRS-III LEED 

 r p r p r p r p r p 

NMS Scale Total Score 0.380 <0.001 -0.054 0.580 0.507 <0.001 0.504 <0.001 0.473 <0.001 

Gastrointestinal 0.171 0.042 0.023 0.815 0.188 0.026 0.248 0.003 0.352 <0.001 

Urinary 0.431 <0.001 -0.255 0.008 0.138 0.102 0.222 0.008 0.381 <0.001 

Sexual function 0.290 <0.001 0.056 0.564 0.180 0.033 0.353 <0.001 0.261 0.002 

Cardiovascular/Fall 0.240 0.004 -0.131 0.178 0.282 <0.001 0.480 <0.001 0.205 0.015 

Attention/Memory 0.272 0.001 -0.108 0.267 0.411 <0.001 0.243 0.004 0.210 0.012 

Perception problems -0.051 0.545 0.178 0.066 0.134 0.114 -0.013 0.875 0.123 0.145 

Mood 0.067 0.432 0.153 0.115 0.370 <0.001 0.152 0.072 0.181 0.031 

Sleep 0.222 0.008 -0.132 0.172 0.414 <0.001 0.323 <0.001 0.300 <0.001 

Other 0.093 0.275 0.047 0.632 0.293 <0.001 0.310 <0.001 0.230 0.006 

Spearman's rho correlation coefficient was used., Notes: Bold p-values indicate statistical significance (p≤0.05). 

LEDD: Levodopa Equivalent Daily Dose, NMS: Non-Motor Symptoms, PDQ-39: Parkinson's Disease Questionnaire-39, UPDRS-III: Unified 

Parkinson's Disease Rating Scale Part III. 

Table 1 

Table 2 
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Linear regression analysis results for factors affecting quality of life in patients with Parkinson's disease 

 

Linear regression predicting PDQ-39 
Univariate Linear 

Regression 

Multivariate Linear 

Regression 

 β [95% CI] p β [95% CI] p 

Age 0.18 [-0.35 - 0.71] 0.510 - - 

Gender Man vs. Female 4.16 [-6.71 - 15.04] 0.454 - - 

Education Status: Yes vs. No -3.51 [-16.22 - 9.2] 0.589 - - 

Disease Duration: ref.=<4 years     

5-8 years 27.25 [12.29 - 42.2] <0.001 9.38 [-6.57 - 25.32] 0.251 

9< year 13.43 [1.53 - 25.33] 0.029 -1.7 [-15.42 - 12.02] 0.808 

UPDRS-III 1.91 [1.37 - 2.44] <0.001 1.52 [0.91 - 2.14] <0.001 

LEDD 0.02 [0.01 - 0.03] 0.007 -0.01 [-0.03 - 0.01] 0.257 

NMS Scale Total Score 3.35 [2.24 - 4.46] <0.001 2.3 [1.09 - 3.5] <0.001 

β: Unstandardised regression coefficient, CI: Confidence interval, LEDD: Levodopa Equivalent Daily Dose, NMS: Non-Motor Symptoms, PDQ-

39: Parkinson's Disease Questionnaire-39, UPDRS-III: Unified Parkinson's Disease Rating Scale Part III.  
 

 
Linear regression analysis results for the factors affecting NMS total scores in patients with Parkinson's disease 

 

Linear regression predicting NMS Score 
Univariate Linear 

Regression 

Multivariate Linear 

Regression 

 β [95% CI] p β [95% CI] p 

Age 0.17 [0.11 - 0.24] <0.001 0.16 [0.1 - 0.21] <0.001 

Gender Man vs. Female -0.82 [-2.27 - 0.63] 0.270 - - 

Education Status: Yes vs. No -0.51 [-2.21 - 1.19] 0.555 - - 

Disease Duration: ref.=<4 years     

5-8 years 3.83 [1.94 - 5.71] <0.001 1.66 [-0.37 - 3.68] 0.111 

9< year 3.93 [2.43 - 5.43] <0.001 2.2 [0.45 - 3.96] 0.015 

UPDRS-III 0.22 [0.14 - 0.29] <0.001 0.17 [0.06 - 0.28] 0.004 

LEDD 0.01 [0.01 - 0.02] <0.001 0.01 [0.01 - 0.02] 0.060 

H&Y Scale: >3 vs. ≤ 2 3.14 [1.62 - 4.67] <0.001 -1.37 [-3.54 - 0.8] 0.218 

β: Unstandardised regression coefficient, CI: Confidence interval, H&Y Scale: Hoehn-Yahr Scale, NMS: Non-motor symptom scale, LEDD: 

Levodopa Equivalent Daily Dose, UPDRS-III: Unified Parkinson's Disease Rating Scale Part III. 

 
 

4. Discussion 

 
The most Although NMS manifestations of PD are less noticeable 

than motor symptoms, they have a critical impact on quality of life 
during the disease process. In our study, the effect of NMS on quality 
of life and its relationship with disease duration, motor symptom 
severity and the total dose of dopaminergic treatment received by 
the patient were analyzed. The findings suggest that NMS is an im-
portant determinant of quality of life in PD and these symptoms be-
come more prominent with disease progression. 

In our study, significant positive correlations were found be-
tween NMS total score and age, UPDRS-III, PDQ-39 and LEDD. These 
findings confirm that the burden of NMS increases with increasing 
age and motor symptom severity, thus confirming the effect of dis-
ease progression on NMS. Focusing on the subparameters of NMSs, 
gastrointestinal, urinary and cardiovascular symptoms were found 
to reflect this relationship more strongly. For example, each one unit 
increase in NMS total score was associated with a significant in-
crease in LEDD dose, suggesting that NMS may also influence dopa-
minergic treatment requirements. 

The existing literature shows that NMS profoundly affects not 
only quality of life but also disease management in PD. Chaudhuri et 
al.13 reported that NMS is common even in the early stages of PD and 
that these symptoms become more severe in the later stages. Our 
study also supports these findings; especially the fact that NMS total 
scores were significantly higher in patients with age and H&Y score 
>3 suggests that these symptoms constitute a burden that cannot be 

ignored at every stage of the disease. Furthermore, the strong cor-
relation between PDQ-39 and NMS total score is consistent with the 
literature emphasizing the impact of NMS on quality of life14. 

When the subparameters of NMS were analyzed, it was observed 
that gastrointestinal, urinary and sexual function symptoms in-
creased remarkably. In Cankaya's study, the effect of these symp-
toms on patients' activities of daily living was emphasised15. How-
ever, our study also draws attention to the relationship between 
these symptoms and LEDD and reveals that high dose levodopa 
treatment alleviates some symptoms and exacerbates others. The 
effect of LEDD on NMS is discussed in the literature. Pekel et al. re-
ported that high dose treatment had a favorable effect especially on 
gastrointestinal symptoms16. However, in our study, this effect was 
found to differ according to individual NMS types. 

The limitations of our study include the limited number of par-
ticipants and the lack of long-term follow-up data. In addition, it is 
thought that a more detailed analysis on the effects of NMS in differ-
ent age groups should be performed. However, our findings have 
important implications for clinical management. It is clear that NMS 
should be addressed not only in the advanced stages of PD but also 
in the early stages and should be treated with a multidisciplinary 
approach. In our study, in which the effects of follow-up and early 
recognition of non-motor symptoms as well as motor symptoms of 
Parkinson's disease on quality of life were clearly demonstrated, it 
is thought that quality of life is an important criterion for managing 

Table 3 

Table 4 

 
 

44



Erdem & Özdoğru   Volume 8 Issue 1 2025 https://dergipark.org.tr/en/pub/jocass   

 

the treatment strategies of patients and intervening at the right 
time. 

For future studies, it is recommended to investigate in more 
depth how NMS change in different disease stages, the mechanisms 
of their relationship with LEDD, and the effects of these symptoms 
at the individual level. Identification of latent structures between 
NMS subparameters by advanced statistical methods such as struc-
tural equation modelling may help us to better understand the ef-
fects of these symptoms on quality of life in PD. 

 
 

5. Conclusion 
 

Our study once again emphasizes the importance of non-motor 
symptoms in PD. Instead of the traditional approach focusing on 
motor symptoms, approaches that will address the quality of life of 
patients in a holistic manner should be developed.  
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1. Introduction

The posterior malleolus is crucial for the ankle joint, providing 
tibiotalar load transfer, rotational stability, and posterior talar sup-
port because it covers the load-bearing portion of the tibial plafond 
and the ankle syndesmosis. Posterior malleolus (PM) fractures ac-
count for approximately 7-44% of all ankle fractures and are usually 
associated with other malleolus fractures and syndesmosis injury 
leading to instability1,2. The Haraguchi classification is one of the 
most widely used classifications of posterior malleolus fractures3. 
Haraguchi Type 1 is a triangular fragment type involving the poster-
olateral corner of the tibial plafond and accounts for approximately 
67% of all PM fractures4,5. If these fractures involve more than 25% 

of the articular surface, they should be fixed to provide greater syn-
desmotic stability6. Percutaneous screws are a safe and minimally 
invasive method frequently used for PM fragment fixation. Although 
surgical treatment is recommended for large posterior malleolus 
fractures, there is no consensus in the literature regarding the fixa-
tion of PM fragments less than 25% of the ankle joint and there are 
studies showing that conservative treatment is also effective 7,8. 

In our study, we aimed to compare the clinical and radiological 
outcomes of patients with trimalleolar fractures involving less than 
25% of the ankle joint in Haraguchi Type 1 PM fractures, with and 
without percutaneous screw fixation. 

Aim: The aim of this study was to compare the clinical and radiological results in patients with trimalleolar frac-

tures with a small posterior malleolar fragment of the ankle joint with and without percutaneous screw fixation. 

Methods: The study involved patients (18-65 years) with (Group 1) or without (Group 2) percutaneous screw 

fixation of posterior malleolus fractures between January 2017 and December 2023. Clinical and radiological 

evaluation was conducted at various time points up to the last follow-up. Functional evaluation was conducted 

using American Orthopedic Foot and Ankle Scores (AOFAS), Visual Analogue Scores (VAS), and dorsiflexion re-

striction. Radiological evaluation included the measurement of the gap and step between at the fracture site and 

presence of ankle osteoarthritis. 

Results: In this study, sixty-five patients (Group 1: 33, Group 2: 32) who met the inclusion criteria were followed 

up for a mean of 31.65±6.4 (24–44) months. There were no significant differences in the clinical results between 

the groups (p > 0.05). At the final radiograph, the mean gap and step distances in Group 1 were lower than in 

Group 2 (p < 0.001). There was no significant difference between the groups regarding the presence of ankle 

osteoarthrosis (p = 0.658). 

Conclusion: This study indicates that while percutaneous screw fixation of small posterior malleolus fragments 

does not significantly improve clinical outcomes compared to non-fixation, it does result in better radiological 

alignment. The findings suggest that maintaining joint congruity may be more crucial than fixation in preventing 

posttraumatic ankle osteoarthritis. Further research is needed to explore these findings. 

Keywords: Posterior malleolus; Fracture; Screw fixation; Conservative 
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2. Materials and Methods 
 
After ethics committee approval, patients who underwent 

trimalleolar fracture surgery in our hospital were retrospectively 
analyzed (Health Research Institutional Review Board IRB Number: 
0066, Date: 18/07/2024). All patients signed informed consent 
form. In this study, patients whose posterior malleolus fractures 
were fixed with percutaneous screws (Group 1) or not (Group 2) be-
tween January 2017 and December 2023 were evaluated. This study 
included patients diagnosed with trimalleolar fractures between the 
ages of 18 and 65 who had PM fractures (<25% of tibia plafond) 
treated with screws or conservative management. The included pa-
tients also had preoperative and postoperative computer tomogra-
phy (CT), underwent medial and lateral malleolar fracture fixation, 
and had at least 2 years of follow-up. 

The present study excluded patients with open fractures, patho-
logic fractures, isolated posterior malleolus fracture, PM fragments 
fixed with plate screws, prior ankle complaints or surgical proce-
dures, ipsilateral injury, fracture history in the same ankle, periop-
erative syndesmotic instability (positive cotton test) or performing 
syndesmotic stabilization, inappropriate x-rays, and follow-up for 
less than 2 years. 
2.1. Surgical Technique 

Surgical procedures were performed by the same specialized 
surgical team. All patients were operated under anesthesia in the 
supine position using a tourniquet. The affected ankle was sterilized 
and draped for surgery. First, the fibula fracture was fixed with 
plates and screws through a posterolateral incision. Then, through 
a separate incision, the medial malleolus fracture was fixed with 
cannulated screws. Treatment of the PM fragment was determined 
according to the surgeon's preference.  

After fixation of the fibula and medial malleolus fractures, reduc-
tion of the posterior malleolus was achieved with ligamentotaxis in 
Group 1. After the reduction was controlled under fluoroscopy, fix-
ation was performed using one or two cannulated screws through a 
percutaneous mini-incision over the anterior ankle joint. In Group 
2, no fixation method was applied for the posterior malleolus frac-
ture (Figure 1). 

Following fracture fixation and skin closure, a plaster cast was 
applied to all patients postoperatively and an active range of motion 
exercises were started one month after surgery. Full weight bearing 

was allowed 3 months after surgery.  
2.2. Clinical and Radiological Evaluations 

Patients were followed up clinically and radiologically at regular 
intervals for a minimum of 2 years. The demographic data (age, gen-
der, affected side, etc.) of all patients were recorded (Table 1). 

Clinical assessment was performed using American Orthopedic 
Foot and Ankle Scores (AOFAS), Visual Analogue Scores (VAS), and 
dorsiflexion restriction (more than 10%) at the last follow-up. Clin-
ical results were then compared between the groups. 

Radiological evaluation was performed by a senior radiologist 
and orthopedic surgeon. A consensus was reached to make a final 
assessment if there was a disagreement between the surgeon and 
the radiologist. The classification of PM fracture was classified ac-
cording to the Haraguchi system by examining ankle views and com-
puted tomography 3. The length of the PM fracture and tibia plafond 
measurements were conducted from preoperative lateral x-rays. 
The gap or step between the PM fragment and tibia plafond was 
evaluated and measured in millimeters using PACS software at the 
last follow-up. The presence of ankle osteoarthritis was also as-
sessed on radiographs according to the previous study 9. Radiologi-
cal results were then compared between the groups. 
2.3. Statistical analysis 

Statistical analysis was performed using IBM SPSS version 25.0. 
The relationship between non-parametric categorical data of the pa-
tients was analyzed using Pearson's chi-square test. The relation-
ship between parametric numerical variables was analyzed using 
Student's t-test. Significance level was defined as P < 0.05. 
 
 

3. Results 

 
Sixty-five patients (Group 1:33, Group 2:32) were followed up 

for a mean of 31.65±6.4 (24–44) months. The mean age of the pa-
tients was 41.1±13.6 (21–63) years. There were 31 (47.7%) male 
and 34 (52.3%) female patients. In 18 cases (27.7%) traffic acci-
dents, in 19 cases (29.2%) ankle sprain injuries and in 28 cases 
(43.1%) falls were recorded. The affected extremities were 30 
(46.1%) right-sided and 35 (53.9%) left-sided. The mean time from 
injury to surgery was 3.3±1.1 (2–5) days. No significant difference 
was found between the two groups in terms of these demographic 
parameters (p > 0.05) (Table 1).  

 
 

 
Radiographic images of patients with (bottom row) and without (top row) fixation of posterior malleolus fracture: preoperative antero-

posterior (a,f) and lateral (b,g) ankle x-rays, computed tomography views (c,h), and postoperative anteroposterior (d,i) and lateral (e,i) 

ankle x-rays. 

 

 

Figure 1 
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Characteristics of the study population. 

 

Variable  
Group 1 

Posterior malleol fixation 
 (n=33) 

Group 2 
Posterior malleol without fixation 

(n=32) 
p 

Age (years)  41.5±14.6 40.6±12.6 0.787 + 
Sex (male: female, n) 17:16 14:18 0.531 * 
Affected side  
(right: left, n) 

16:17 14:18 0.692 * 

Mechanism of injury  
(fall: road accident: sprain, n) 

11:7:15 9:9:14 0.791 * 

Injury to surgery time (days) 3.4±1.1 3.3±0.9 0.839 + 
Follow-up (month)  30.8±5.3 32.4±7.3 0.331 + 

+: Student t-test, *: Pearson Chi Square and Fisher’s Exact test 
 
 

 
Clinical results of two groups 

 

Variable  
Group 1 

Posterior malleol fixation 
(n=33) 

Group 2 
Posterior malleol without fixation 

(n=32) 
p 

AOFAS Score  
(0: poor, 100: excellent) 91.2±5.8 (84-100) 93.3±4.9 (85-100) 0.130 + 

VAS Score  
(0: no pain, 10: maximum pain) 1.27±1.1 (0-3) 1.13±0.9 (0-3) 0.537 + 

>10% Dorsiflexion restriction  3 (9.1%) 2 (6.3%) 0.667 * 

AOFAS: The American Orthopedic Foot and Ankle Society, VAS: The Visual Analogue Scale, +: Student t-test, *: Pearson Chi Square and Fisher’s 
Exact test 
 
 

 
Radiological results of two groups. 

 

Variable  
Group 1 

Posterior malleol fixation 
(n=33) 

Group 2 
Posterior malleol without fixation 

(n=32) 
p 

Gap (mm) 0.36±0.5 (0-2) 1.81±0.6 (1-3) <0.001 + 
Step (mm) 0.79±0.9 (0-3) 1.91±0.6 (1-3) <0.001 + 

Ankle osteoarthritis (n) (%) 3 (9.1%) 4 (12.5%) 0.658 * 

SD: Standard deviation, mm: millimeter, +: Student t-test, *: Pearson Chi Square and Fisher’s Exact test 
 
 

At the last follow-up, the mean AOFAS and VAS scores were 
92.2±5.5 (84-100) points and 1.2±0.9 (0-3) points for two groups. A 
loss of 10% or more dorsiflexion was found in 3 patients (9.1%) in 
Group 1, in 2 patients (6.3%) in Group 2. There were no significant 
differences in the clinical results between the groups (p > 0.05) (Ta-
ble 2). 

The mean gap distance between the posterior malleolus and 
tibia plafond was 1.1±0.9 (0-3) mm for all patients, and there was a 
significant difference among the groups. At the last x-rays, the mean 
gap distance in Group 1 [0.36±0.5 (0-2) mm] was lower than in 
Group 2 [1.81±0.6 (1-3) mm] (p < 0.001) (Table 3). 

The mean step measurement between the posterior malleolus 
and tibia plafond was 1.3±0.9 (0-3) mm for all patients, and there 
was a significant difference among the groups. At the last x-rays, the 
mean step measurement in Group 1 [0.79±0.9 (0-3) mm] was lower 

than in Group 2 [1.91±0.6 (1-3) mm] (p < 0.001) (Table 3). 
Ankle osteoarthritis was observed in only 7 (10%) of all patients. 

Early-stage arthritis was observed in 3 (9.1%) patients in Group 1 
and 4 (12.5%) patients in Group 2. No significant difference was 
found between the groups in terms of ankle osteoarthritis (p = 
0.658) (Table 3). All patients with ankle osteoarthritis presented a 
gap or step of more than 2 mm at the posterior malleolus fracture 
line. Any patients suffered from severe osteoarthritic changes. 

 
 

4. Discussion 

 
In the present study, we found that in patients with Haraguchi 

type 1 posterior malleolus fractures involving less than 25% of the 
ankle joint, there was less gap and step between the fractures when 

Table 1 

Table 2 

Table 3 
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the PM fragment was fixed with cannulated screws percutaneously. 
Although PM fixation resulted in better radiological alignment, clin-
ical outcomes remained comparable to conservative treatment. 

Fixation of the posterior malleol in trimalleolar fractures is de-
termined according to the ratio of the posterior fragment to the an-
kle joint. There is a consensus in the literature about posterior frag-
ment fixation for PM fragment size greater than 25% 4,10. However, 
there are different studies suggesting operative or conservative 
treatment for PM fractures less than 25% of the ankle joint. Gardner 
et al. 6 recommended fixation to maintain syndesmotic stability even 
if the posterior malleolus fracture was less than 25%. However, Van 
Hooff et al. 7 showed that joint biomechanics did not change and 
functional results were similar with conservative treatment of small 
posterior malleolus fractures. Also, McDaniel and Wilson 11 
concluded that failure of fixation of a posterior malleolus fragment 
measuring ≤25% would not affect the overall outcome. In our study, 
although better reduction quality was achieved in patients with PM 
fractures less than size of 25% of the distal tibial articular surface 
fixed with percutaneous screws compared to conservative 
treatment, no significant differences were found between the 
groups in terms of clinical outcomes, similar to previous studies 7,11. 

Posterior malleolus fixation can be performed using screw or 
plate osteosynthesis via a posterolateral approach or an anteropos-
terior percutaneous screw technique. Anteroposterior or postero-
anterior screw methods are frequently used because they are mini-
mally invasive, less soft tissue dissection and lower risk of infection. 
Batar and Sisman 12 reported better clinical and radiological results 
with the posteroanterior screw technique compared to anteropos-
terior screw fixation due to direct reduction. On the other hand, Xu 
et al. 13 reported in a retrospective study that anatomical reduction 
was achieved similarly in patients with both posteroanterior and 
anteroposterior screw fixation. Although different fixation methods 
for posterior malleolus fixation were not compared in our study, we 
have shown that anteroposterior screw fixation provides less gap 
and step distance between fragments, is a reliable method to main-
tain reduction and results in good functional scores. 

Posttraumatic ankle osteoarthritis is a progressive, degenera-
tive articular cartilage disease that can occur after primary or ne-
glected ankle fractures 14,15. Ankle fractures involving the PM are 
associated with an increased incidence of posttraumatic osteoar-
thritis 16. Especially the presence of fracture dislocation, joint sur-
face incongruity and residual talar subluxation are risk factors for 
the development of posttraumatic ankle osteoarthritis, regardless 
of the size of the posterior malleolus fragment 4. Therefore, some 
authors suggest that all posterior malleolus fractures should be 
fixed to decrease the incidence of ankle arthritis 1. On the other 
hand, there are also studies showing that osteoarthritis develops 
more when the posterior malleolus fracture is surgically treated 4. 
In the present study, it was observed that all patients with ankle os-
teoarthritis had a gap or step of more than 2 mm in the posterior 
malleolus. In our opinion, in order to prevent ankle arthritis, reduc-
tion and joint congruity should be maintained rather than fixation 
of the posterior malleolus fracture. 

We are acknowledged that our study has some limitations. These 
limitations are the small sample size, the retrospective and single-
centre nature of the study, the fact that the decision of posterior mal-
leolus fixation was left to the surgeon, and the relatively short fol-
low-up period to evaluate long-term results. Although trimalleol 
fractures were diagnosed in all patients in our study, the types, fix-
ation and quality of reduction of medial and lateral malleolus frac-
tures were not evaluated. Furthermore, the development of post-
traumatic arthritis may be associated not only with posterior malle-
olus fractures but also with other malleolus fractures and this un-
certainty should be taken into consideration. Multicentre prospec-

tive randomized controlled studies with greater sample size and du-
ration of follow-up should be performed to provide further evidence 
for these findings. 

 
 

5. Conclusion 
 

In conclusion, our study indicates that while fixation of Haragu-
chi type 1 posterior malleolus fractures less than 25% of the ankle 
joint improves radiological outcomes, clinical results remain com-
parable to conservative treatment. No differences between groups 
in terms of the development of arthrosis suggest that preservation 
of joint congruity may be more important than fixation in prevent-
ing posttraumatic ankle osteoarthritis. Further research with larger 
samples is necessary to validate these findings. 
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1. Introduction 

 
Epilepsy is a chronic neurological disorder characterized by re-

current seizures, and it is associated with a wide range of comorbid 
conditions, including sleep disturbances. Patients with epilepsy of-
ten experience both nocturnal and daytime sleep-related issues, 
which can exacerbate their condition and reduce their overall qual-
ity of life. Previous studies have shown that sleep disturbances, such 
as excessive daytime sleepiness, are common in epilepsy patients, 
but the mechanisms underlying these disruptions are not fully un-
derstood. While focal and generalized epilepsy types have distinct 
clinical presentations, their impact on sleep may differ 1. 

Epilepsy and sleep disorders often coexist with many neurolog-
ical or psychiatric conditions, which can affect epileptic seizure fre-
quency and sleep quality2. Disruptions in sleep patterns can exacer-
bate the condition  in patients with epilepsy3. Concurrently, the rise 
in seizure frequency may disturb patients' sleep structure and con-
tribute to sleep disorders3. 

Some types of epilepsy are more likely to occur during specific 
stages of sleep, such as nocturnal seizures that occur during non-
REM (rapid eye movement) sleep or during transitions between 

sleep stages3. In Frontal lobe epilepsy (FLE) seizures can disrupt the 
normal progression of sleep stages, leading to fragmented sleep and 
alterations in sleep architecture. These disruptions may result in ex-
cessive daytime sleepiness, fatigue, and impaired daytime function-
ing4, 5. Conversely, some studies suggest that sleep architecture is 
more disturbed in adults with temporal lobe epilepsy (TLE) com-
pared with other types of epilepsy1. 

This study employed a prospective, observational design in 
adult patients with epilepsy to investigate the relationship be-
tween electroencephalogram (EEG), clinical findings, JSS and ESS 
scores. 

 
 

2. Materials and Methods 
 
This study was carried out in the Neurophysiology laboratory of 

Adana City T&R Hospital between 1 December 2022 and 1 March 
2023. Patients aged 18 and over were included in the study and ep-
ilepsy was diagnosed according to the ILAE 2017 guideline6.  

 

Aim: This study aimed to investigate the relationship between electroencephalogram (EEG) findings, clinical char-

acteristics, and subjective sleep measures in adult patients with epilepsy. 

Methods: In this study, 105 patients previously diagnosed with epilepsy were included. EEG recordings were 

analyzed for interictal epileptiform discharges. Participants were divided into two groups: generalized and focal 

epilepsies, patients with focal epilepsy were also divided into subgroups. The Jenkins Sleep Scale (JSS) and Epworth 

Sleepiness Scale (ESS) were used to assess sleep quality and daytime sleepiness, respectively. Statistical data were 

obtained by making pairwise comparisons between groups. 

Results: This study revealed that there was a significant association between EEG findings and gender, with frontal 

lobe epilepsy (FLE) more prevalent in females and temporal lobe epilepsy (TLE) more common in males. According 

to treatment modalities, monotherapy was predominant in patients with FLE and TLE, but statistically there was 

no difference across the groups. EEG abnormalities varied, with temporal and generalized abnormalities most 

prevalent. Significant differences were found in ESS and JSS scores across epilepsy groups, with higher scores 

observed in FLE. A positive correlation was found between ESS and JSS scores. 

Conclusion: The impact of epilepsy on various aspects of a person's life, including sleep, is significant. This study 

underscores the importance of conducting comprehensive sleep assessments in clinical practice for individuals 

with epilepsy. 
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The EEG examinations were evaluated by a neurologist and a 
neurophysiologist separately for a specific epileptiform abnormal-
ity, the interictal spike or sharp wave. For a transient to be consid-
ered a specific interictal epileptiform discharge, at least 5 criteria 
had to be fulfilled according to the International Federation for Clin-
ical Neurophysiology (IFCN) definition of interictal epileptiform dis-
charge: (1) Di- or tri-phasic wave with pointed peak; (2) different 
wave duration than the ongoing background activity; (3) asym-
metry of the waveform; (4) followed by a slow after-wave; (5) the 
background activity is disrupted by the presence of the IEDs; and 
(6) voltage map with distribution of the negative and positive po-
tentials suggesting a source in the brain corresponding to a radial, 
oblique, or tangential orientation of the source7, 8.  

Electroencephalography recordings were performed in a dimly 
lit room at an outpatient neurophysiology laboratory using the 
standard 10-20 measuring system and gold disc electrodes affixed 
with Ten20 conductive paste (Weaver and Company, Norwalk, CA).  
The participants were relaxed and in a lying position. They were 
asked to abstain from alcohol for 24 h and coffee for 2 h before re-
cording. To minimize the impact of external factors, eyes closed EEG 
was recorded. The 19-channel EEG was recorded for 20 min at least. 
The Cadwell Sierra Summit EEG (Cadwell Laboratories, Kennewick, 
Washington, USA).)  device was used for recordings. The signals 
from 19 channels Fp1, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T4, T5, 
P3, Pz, P4, T6, O1, and O2 were recorded using the electrode Cz as 
reference. The raw EEG signal was recorded at the sampling fre-
quency of 256 Hz, a high-pass filter of 0.53 Hz, a low-pass filter of 
70 Hz and impedances of less than 5 kΩ. The primary montage used 
was the "longitudinal anatomic bipolar montage" with the option for 
rederivation to a different montage. Patients were reclined comfort-
ably during the recordings, which lasted between 25 and 30 
minutes. Reactivity was measured with eye opening and closing 
while patients were awake and alert. Photic stimulation was per-
formed at rates of 1, 3, 6, 12, 15, 18, 20, and 30 Hz, for 10 seconds 
each, with 10 seconds in between. Hyperventilation was performed 
for three minutes unless medically contraindicated. The remaining 
study time was dedicated to quiet recording to facilitate drowsiness 
or sleep. EEG reports were analyzed using visual analysis and man-
ual counting by a fellowship-trained neurophysiologist. 

The Jenkins Sleep Scale (JSS) is used to assess various aspects of 
sleep quality and disturbances 9. The scale was designed to evaluate 
the sleep onset, sleep maintenance, sleep duration and overall sleep 
quality. The respondents answer the questions using a six-point Lik-
ert-type scale. Total scores range from 0-20, and higher scores indi-
cate a greater number of sleep problems10.  

The Epworth Sleepiness Scale (ESS) is a questionnaire that as-
sess the likelihood of falling asleep in different situations commonly 
encountered in daily life. Individuals rate items in this questionnaire 
on a scale from 0 (never) to 3 (high probability), indicating the like-
lihood of them dozing off or falling asleep while engaged in various 
activities11.  

Both the Jenkins Sleep Scale and the Epworth Sleepiness Scale 
are valuable tools for assessing sleep quality and daytime sleepi-
ness, respectively, and are frequently used in combination with ob-
jective measures of sleep to provide a comprehensive evaluation of 
sleep disorders and their impact on individuals' lives. Participants 
were provided with printed copies of the JSS and the ESS question-
naires along with instructions for completion. Participants com-
pleted the questionnaires in a quiet and comfortable environment, 
without time constraints. Research staff were available to answer 
any questions and clarify instructions if needed. Once participants 
completed the questionnaires, they returned them to the research 
staff for scoring and data entry. 

The total score of ESS is calculated by summing the ratings 

across all items, with scores typically ranging from 0 to 24. Scores 
above 10 are considered indicative of excessive daytime sleepiness. 
The cutt-off value for the JSS-TR was determined to be 6.5 for differ-
entiates between poor and good sleepers12.  

We excluded patients with diagnostically inconclusive and pa-
tients with nonepileptic paroxysmal events. Additionally, patients 
with diseases that may occasionally reveal IEDs like dialysis demen-
tia, hypocalcemia, uremic encephalopathy, acute or chronic renal 
failure, nonketotic hyperglycemia, metabolic encephalopathies, ec-
lampsia, thyrotoxicosis, and Hashimoto's encephalopathy were ex-
cluded. 
For the expected specificity of 80%, with a significance level of % 10 
and a power of 0.8, we needed at least 44 patients13. 

This study has received ethical approval from the Adana City 
T&R Hospital ethics committee (date: 17.11.2022, no: 116/2250), 
and all participants agreed to be included in this study by filling out 
an informed consent form. 
2.1.Statistical analyses 

Descriptive statistics were used to summarize demographic 
characteristics and sleep study variables. EEG findings were classi-
fied based on established criteria for sleep staging and identification 
of epileptiform abnormalities. Jenkins Sleep Scale scores were ana-
lyzed to assess subjective sleep quality, while Epworth Sleepiness 
Scale scores were used to quantify daytime sleepiness. Correlation 
analyses, such as Pearson correlation coefficients or Spearman rank 
correlations, were conducted to explore associations between EEG 
findings and subjective sleep measures. 

The Independent-Samples Kruskal-Wallis test was conducted to 
assess whether there were statistically significant differences in ep-
ilepsy groups (frontal, generalized, and temporal) among the sam-
ples. Pairwise comparisons were then conducted to further examine 
the differences between specific pairs of groups. The adjusted sig-
nificance level was set at .050, and the Bonferroni correction was 
applied to account for multiple comparisons. 
 
 

3. Results 

 
A total of 105 participants were included in the study. The mean 

age was 31.02±12.15 in all individuals. The gender distribution was 
nearly equal, with 52 (49.5%) females and 53 (50.5%) males. The 
mean duration of epilepsy was 11.18±9.25 years. Types of epilepsy 
varied among participants, with the most common being focal [tem-
poral 38 patients (36.2%) and frontal 17 patients (16.2%), totally 
55 (52.4%)], followed by generalized [50 patients (47.2%)], Most 
participants (65.7%) had normal MRI findings.  

The distribution of patients across frontal, temporal, and gener-
alized EEG findings significantly differed by gender (p = 0.018). 
Frontal lobe epilepsy was more commonly observed in females 
(62.0%), while temporal lobe epilepsy was more prevalent in males 
(76.5%).  

Regarding treatment modalities, while no statistically significant 
difference was observed (p = 0.136), monotherapy was the predom-
inant treatment approach for patients with frontal (68.0%) and 
temporal (52.9%) lobe epilepsies, whereas polytherapy was more 
common in generalized epilepsy (52.6%). 

The incidence of head injury was low across all groups, with the 
temporal lobe epilepsy group showing the highest percentage 
(35.3%). Abnormal MRI findings were most frequent in patients 
with temporal lobe epilepsy (70.6%). 

Comparative data between the epilepsy groups is presented in 
table 1.  
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Comparative data between the groups 

 

 
Generalized epilepsy 

Mean±SD (Median)IQR 

Frontal lobe epilepsy 

Mean±SD (Median)IQR 

Temporal lobe epilepsy 

Mean±SD (Median)IQR 
p 

Epilepsy duration (year) 10.8±8.8 (8.5) 13.2 12.5±11.8(8)16.5 10.9±8.6(9)14.25 0.971 

JSS score 6.4±4.1(6)7.2 9.2±3.6(11)2.5 5.8±4.5(4.5)8 0.016 

ESS score 6.1±3.8(6)6 11±4.8(13)5 5.8±4.3(5)8.2 <0.001 

Seizure frequency 5.5±4.9(4)3.7 7.1±8.3(4)7.5 6.2±4.7(5.5)5 0.713 

Age 27.1±10.1(24)14.2 31.0±12.7(27)14.5 36.0±12.7(34)17.7 0.002 

JSS: jenkins sleep scale, ESS: Epworth sleepiness scale, SD:Standard deviation, IQR: inter quantile range 
 
 
A significant difference in age across epilepsy groups was found 

( p = 0.002). Participants with temporal lobe epilepsy were signifi-
cantly older compared to generalized epilepsy (p = 0.001). 

The mean of EDSS in focal and generalized epilepsy patients 
were 7.47±5.0 and 6.18 ± 3.82 (p=0.201) and JSS were 6.90 ± 4.49 
and 6.42± 4.10 (p=0.501) respectively.  The Independent-Samples 
Kruskal-Wallis test revealed a significant difference in ESS scores 
across epilepsy subgroups (p < 0.001). Post-hoc pairwise compari-
sons indicated that participants with frontal lobe epilepsy had sig-
nificantly higher ESS scores compared to those with temporal lobe 
epilepsy (p = 0.001) and generalized epilepsy (p = 0.001) (figure 1). 

While analysing the JSS scores, patients with frontal lobe 
epilepsy had statistically higher scores than patients with temporal 
lobe epilepsy and generalized epilepsy (p=0.015, p=0.044, 
respectively) (figure 2).  

Spearman correlation analysis showed a significant positive 
correlation between Epworth Sleepiness Scale scores and Jenkins 
scores (p < 0.001). The mean JSS score was 6.67±4.3 and ESS score 
was 6.85±4.5. 

No significant differences were found in epilepsy duration, 
seizure frequency, or gender distribution among the groups (p > 
0.05). 
 

 
 

 
Epworth scale scores across the types of epilepsy 

 

 
 

 
Jenkins scale scores across the types of epilepsy 

 

 
 

 
 
 

4. Discussion 

 
The findings of this study underscore the importance of sleep-

related symptoms in the clinical management of epilepsy. Our find-
ings corroborate existing literature regarding the diverse clinical 
characteristics of epilepsy. 

The wide age range and duration of epilepsy in our study popu-
lation are consistent with previous reports highlighting the chronic 
and heterogeneous nature of the condition14, 15. 

Consistent with prior studies14, 15, our findings indicated that 
temporal and generalized abnormalities were prevalent EEG pat-
terns among patients with epilepsy. Temporal lobe epilepsy, char-
acterized by seizures originating in the temporal lobes, often exhib-
its corresponding EEG abnormalities such as focal spikes or sharp 
waves14. Similarly, generalized epilepsy syndromes typically pre-
sent with diffuse EEG abnormalities involving both hemispheres15. 
Our study's lower prevalence of frontal abnormalities aligns with 
some previous research16 although discrepancies across studies 
suggest potential variability in EEG patterns among different epi-
lepsy populations. 

Tailored interventions that consider the multifaceted nature of 
the condition, including both seizure control and comorbidities such 
as sleep disturbances and stress, are essential for optimizing patient 

Table 1 

Figure 1 

Figure 2 
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outcomes17. Integrating EEG monitoring with comprehensive as-
sessments of sleep and psychosocial functioning can inform individ-
ualized treatment plans and improve overall quality of life for pa-
tients with epilepsy18. 

Regarding sleep disturbances, our findings suggested that pa-
tients with epilepsy experienced varying degrees of daytime sleepi-
ness, as evidenced by ESS scores ranging from 0 to 16. While the 
mean score of 6.86 fell within the mild to moderate range of sleepi-
ness, it was crucial to recognize that excessive daytime sleepiness 
could have significant implications for quality of life and cognitive 
function in individuals with epilepsy. Byars et al. found a higher 
prevalence of sleep disorders in children with epilepsy19. Lack of 
sufficient sleep or poor sleep quality can increase the likelihood of 
experiencing seizures in individuals with epilepsy. Conversely, sei-
zures themselves can disrupt sleep, leading to a cycle of sleep dep-
rivation and increased seizure susceptibility1. 

In a previous study, it was shown that in patients with chronic 
epilepsy insomnia symptoms and short sleep duration were more 
common than recently diagnosed20. In another study, sleep architec-
ture can be abnormal in children with primary generalized epi-
lepsy21. In another previous study, Herman refers to a comprehen-
sive review of sleep disorders in epilepsy, which would cover topics 
like excessive daytime sleepiness and the different impacts of epi-
lepsy types on sleep. Some researchers believe that there may be 
common underlying mechanisms contributing to both epilepsy and 
certain sleep disorders, such as alterations in neurotransmitter sys-
tems or abnormalities in brain structures involved in regulating 
sleep-wake cycles. Moreover, our study revealed a wide range of 
Jenkins scores, indicative of varying levels of perceived stress 
among participants. Stress is known to be a common comorbidity in 
epilepsy, with potential implications for seizure control and overall 
well-being. Our findings underscore the importance of assessing 
and addressing stress in the management of epilepsy.  

Seizures originating from the frontal lobe can have a significant 
impact on sleep architecture and contribute to sleep disturbances in 
affected individuals5, 22. Additionally, there is evidence to suggest 
that sleep disorders may also influence the occurrence and severity 
of seizures in individuals with FLE2, 3. Crespel and colleagues found 
that sleep architecture was more disturbed in 15 patients with me-
sial TLE compared with 15 with FLE. The patients with TLE had re-
duced sleep efficiency, increased Wakefulness after sleep onset 
(WASO), and more arousals23. Specifically, patients with frontal ab-
normalities tended to report higher scores on the ESS and JSS com-
pared to those with temporal or generalized abnormalities in this 
study. The frontal lobe, particularly the prefrontal cortex, is in-
volved in regulating the sleep-wake cycle. It receives input from 
other brain regions involved in circadian rhythm regulation and 
plays a role in promoting wakefulness during the day and initiating 
sleep at night. Frontal lobe seizures often occur during sleep, partic-
ularly during non-REM (rapid eye movement) sleep stages. These 
nocturnal seizures can disrupt sleep continuity and lead to awaken-
ings during the night, further exacerbating sleep disturbances3. Sei-
zures originating in the frontal lobes can disrupt the normal pro-
gression of sleep stages, leading to fragmented sleep and alterations 
in sleep architecture. These disruptions may result in excessive day-
time sleepiness, fatigue, and impaired daytime functioning24. Sleep 
disorders such as insomnia, obstructive sleep apnea, or restless legs 
syndrome may lead to sleep deprivation or fragmentation, increas-
ing the likelihood of seizures in individuals with FLE. Sleep depriva-
tion can lower the seizure threshold and trigger epileptic activity in 
the frontal lobes. 

While previous research has identified associations between 
specific EEG patterns and sleep disorders such as sleep apnea25, our 
findings suggest broader relationships with daytime sleepiness and 

perceived stress. These associations underscore the complex inter-
actions between epilepsy, sleep regulation, and stress response sys-
tems24, highlighting the importance of comprehensive care ap-
proaches that address both clinical and psychosocial aspects of the 
condition. 

Limitations of this study included its observational design, 
which precluded establishment of causality, and the relatively small 
sample size. Additionally, the study population consisted of patients 
presenting with sleep-related complaints, which may limit general-
izability to other populations. 

5. Conclusion

In conclusion, this study highlights the critical role of sleep dis-
turbances, particularly excessive daytime sleepiness, in the clinical 
management of epilepsy These results suggest that patients with ep-
ilepsy, particularly frontal lobe epilepsy, may be affected by sleepi-
ness. By demonstrating significant differences in ESS and JSS scores 
across epilepsy subtypes, our findings align with and extend existing 
literature, suggesting that sleep disturbances may serve as both a 
consequence and a contributing factor to seizure activity. This un-
derscores the need for tailored interventions addressing sleep co-
morbidities to improve patient outcomes 
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1. Introduction 

 
Chronic obstructive pulmonary disease (COPD) is associated 

with intermittent exacerbations characterized by acute 
deterioration in symptoms of chronic breathlessness, cough and 
sputum production. Hospitalizations for acute exacerbations 
constitute the most important part of patient care. The presence of 
depressive symptoms in COPD patients is associated with an 
increase in severe exacerbations, decreased physical activity, 
increased dyspnea and impaired quality of life1-2. 

As in all chronic diseases, COPD, in addition to the organ dys-
function it causes, increases concerns about the future due to factors 
such as continuous medication use and hospital dependency, and 
leads to hopelessness and anxiety3. Anxiety and depression are the 

most common mental disorders in chronic respiratory system dis-
eases. Numerous studies indicate an increased incidence of depres-
sion and anxiety in COPD patients. Although comorbid psychological 
symptomatology has been reported in 22-48% of people with COPD, 
most of the literature focuses on identifying risk factors for anxiety 
or depression separately3. Despite such a high prevalence, these two 
conditions often go unrecognized and untreated. 

In chronic diseases, quality of life is further impaired by comor-
bid depression. The physical symptoms and social isolation caused 
by chronic disease lead to depressive effect, while depression de-
creases the ability to fight the disease and makes it difficult to toler-
ate the disease. Risk factors for COPD exacerbations include poor 

 
Aim: Diagnosis and treatment of comorbidities in chronic obstructive pulmonary disease (COPD) facilitates the 

control of the disease, and evaluation and improvement of quality of life is an important part of the follow-up of 

the disease. Therefore, this study aimed to investigate the effects of pulmonary function, quality of life, anxiety 

and depression on exacerbations in COPD 

Methods: Between May 2007 and May 2008, 70 patients with COPD admitted to the pulmonary medicine outpa-

tient clinic were included in the study and followed up for one year in terms of exacerbations. Quality of life 

questionnaires and anxiety and depression assessment scale were applied at the first interview. 

Results: The mean age of the patients was 64.24±10.62 years. The male patients was 88.6% and there was a 

significant correlation between gender and number of exacerbations (p=0.045). No significant correlation was 

found between respiratory functions and depression and the number of exacerbations (p=0.368, p=0.134, respec-

tively). There was a moderate positive correlation between exacerbations and anxiety (p<0.001, r=0.468). Patients 

with lower quality of life questionnaire scores had significantly more frequent exacerbations. The physical 

(p=0.004) and mental (vitality and mental role limitation) subscales of the Short form-36, the independence 

(p=0.011) and physical (p=0.031) subscales of the World Health Organization Quality of Life-103, and the symp-

tom (p=0.005), effect (p=0.001) and total (p=0.004) subscales of the St. George's respiratory questionnaire were 

significantly associated with the number of exacerbations. 

Conclusion: Similar to the studies in the literature, this study revealed that male gender, anxiety and poor quality 

of life are associated with number of exacerbations in COPD, a systemic, irreversible disease characterized by 

exacerbations. Based on this, better exacerbation control can be achieved by improving the quality of life and 

treating the accompanying psychological factors with the utilization of quality of life questionnaires and scales 

assessing psychological status in the follow-up of patients with COPD. 
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quality of life, decreased physical activity, and frequent exacerba-
tions, which may be directly or indirectly related to the effects of 
patients' mental disorders associated with COPD1-4. Rehospitaliza-
tion for exacerbation is common and occurs in 60% of patients 
within 1 year following the last exacerbation4. In one study, depres-
sion and anxiety were associated with a higher risk of recurrence in 
COPD patients admitted for emergency treatment5. Cognitive and 
behavioral therapy applied to COPD patients has been shown to in-
crease exercise capacity6. Quality of life deterioration in COPD is re-
flected by decreased energy, mobility and sleep, emotional disturb-
ance, anxiety, depression, dissatisfaction with life and somatic pre-
occupation. Underlying symptoms of anxiety and/or depression are 
often underreported, underdiagnosed and undertreated. It may pre-
dict severe respiratory exacerbations and severity of COPD and 
asthma leading to impaired quality of life and increased healthcare 
utilization compared to patients without these symptoms7. Our aim 
was to investigate the impact of respiratory function, quality of life, 
anxiety and depression on exacerbations in COPD patients. 

 
 

2. Materials and Methods 
 
Between May 2007 and May 2008, 70 consecutive outpatients 

with COPD admitted to Trakya University Medical Faculty Chest 
Diseases Outpatient Clinic and staged according to the Global 
Initiative for Chronic Obstructive Lung Disease guidelines 
(postbronchodilator FEV1/FVC ratio <0.70 and GOLD 1 FEV1≥80%, 
GOLD 2 FEV1 50-79%, GOLD 3 30-49%, GOLD 4: <30%) were 
included in the study. Patients with pregnancy, active autoimmune 
disease, or active malignancy were excluded from the study. The 
study was planned prospectively. According to the number of 
exacerbations, patients with more than 2 exacerbations were 
classified as group E, and those with 0 or 1 exacerbation were 
classified as group A/B (GOLD)9. The Effect of Respiratory 
Functions, Quality of Life, Anxiety and Depression on The Number 
of Exacerbations in Chronic Obstructive Pulmonary Disease Patients 
The quality of life questionnaires, St. George’s Respiratory 
Questionnaire (SGRQ), Short-Form36 (SF-36), World Health 
Organizations Quality Of Life -103 (WHOQOL-103) and Hamilton 
anxiety (HADS-A) and depression (HADS-D) rating scale were 
administered to the patients at the first interview. Patients were 
followed up for one year in terms of the number of exacerbations. 
At the end of one year, the total number of exacerbations was 
recorded. As exacerbation criteria, the criteria defined by 
Anthonisen et al. were used8. These were an increase in worsening 
of dyspnea, sputum volume and purulence. Approval for the study 
was obtained from the local ethics committee (03.04.2008 date and 
07/09 number of). Written informed consent was also obtained 
from each patient. The principles of the Helsinki Declaration were 
adhered to throughout the study. 
2.1. Statistical analysis 

The conformity of the data to normal distribution was analyzed 
by one sample Kolmogorov Smirnov test. Independent samples t 
test was used for variables showing normal distribution, Mann 
Whitney U test and Spearman correlation analysis were used for 
variables not showing normal distribution in the investigation of 
differences between the number of exacerbations (0-1, ≥2) and 
stage (1-2,3-4) groups. Chi-square test was used to investigate the 
difference of categorical variables between groups. P<0.05 was 
accepted as the limit of statistical significance. Statistica 7.0 (Serial 
Number: 31N6YUCV38, Edirne/ Türkiye) package program was 
used for statistical analysis. 
 
 

3. Results 

 
The mean age of the patients included in the study was 

64.24±10.62 years and 88.6% were male. Of the patients, 6% were 
non-smokers, 73.1% were former smokers and 20.9% were 
smokers. The distribution according to stages was as follows; 17.1% 
patients were in GOLD stage 1, 45.7% patients were in GOLD stage 
2, 20% patients were in GOLD stage 3 and 17.1% patients were in 
GOLD stage 4. 62.9% of the patients had 0-1 exacerbations and 
37.1% had ≥2 exacerbations. The mean number of exacerbations 
was 1.24±1.39. The mean anxiety score was 15.30±6.36 (HADS-A). 
Depression was not detected in 90% of the patients, mild depression 
was detected in 7.1% and major depression was detected in 2.9%. 
The mean depression score was 2.84±3.70 (HADS-D). Table 1 
shows the overall characteristics of the patients included in the 
study. 
 

 
General characteristics of the patients in the study (n:70) 

 

General characteristics of 

the patients  

n(%) 

Age 64.24±10.6 

Gender  

     Man 62 (88.6) 

     Women 8 (11.4) 

Smoke status  

     Nonsmoker 4 (6) 

     Ex smoker 52 (73.1) 

     Smoker 14 (20.9) 

Stage  

     1 12 (17.1) 

     2 32 (45.7) 

     3 14 (20) 

     4 12 (17.1) 

Number of Exacerbation  1.24 ±1.39 

Anxiety score 15.30±6.36 

 
 

 
Relationship between the number of Exacerbation and age, gender, 

marital and educational status 
 

 

 

Number of exacerbation 

p 0-1 (n=44) 

n (%) 

≥2 (n=26) 

n (%) 

Age 64.50 ±11 63.69±10 0.742 

G
en

d
er

 

Woman 

Man 

2 (4.5) 

42 (95.5) 

6 (23.1) 

20 (76.9) 

 

0.045 

M
ar

it
al

 

st
at

u
s Single 

Married 

Divorced 

1 (2.3) 

40 (90.9) 

3 (6.8) 

0 (0) 

23 (88.5) 

3 (11.5) 

0.599 

E
d

u
ca

ti
o

n
 

St
at

u
s 

Illiterate 

Primary School 

Middle school 

High school 

College 

1 (2.3) 

31 (70.5) 

4 (9.1) 

4(9.1) 

4 (9.1) 

1 (3.8) 

18 (69.2) 

2 (7.7) 

3 (11.5) 

2 (7.7) 

 

0.989 

 

Table 1 

Table 2 
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Distribution of stages according to the number of 
exacerbation 

 

 

Number of exacerbation 

n (%) p 

0-1 ≥2 

1 7 (15.9) 5 (19.2) 

0.923 2 21 (47.7) 11 (42.3) 

3 8 (18.2) 6 (23.1) 

4 8 (18.2) 4 (15.4) 

 
 
Eight (11.4%) of the patients were female. Of the female pa-

tients, 25% had 0-1 exacerbation and 75% had ≥2 exacerbations. 
Among male patients, 67.7% had 0-1 exacerbations and 32.3% had 
≥2 exacerbations. There was a significant difference between pa-
tients with 0-1 and ≥2 exacerbations in terms of gender distribution 
(p=0.045). Table 2 shows the demographic characteristics of the 
patients included in the study according to the number of exacerba-
tions. 

The distribution of the patients according to stages was as fol-
lows; 17% were in stage 1, 45.7% in stage 2, 20% in stage 3 and 
17.1% in stage 4. There was no significant difference between the 
stages according to the number of exacerbations (p=0.923). There 
was also no significant difference between the number of 0-1 exac-
erbations and ≥2 exacerbations in patients grouped as stage 1-2 and 
stage 3-4 (p=0.861). Table 3 shows the distribution of patients 
staged according to GOLD according to the number of exacerbations. 

Quality of life of the patients included in the study was measured 
with general and disease-specific tests. Between patients with 0-1 
and ≥2 exacerbations, the physical of the SF-36 was measured as 
physical impact (p=0.009), physical role limitation(p=0.010), gen-
eral health (p=0.002) and the mental health was measured as vital-
ity (p=0.020), mental role limitation (p=0.018). 018), physical 
health (p=0.031) and independence (p=0.011) of WHOQOL 103, 
symptom (p=0.005), impact (p=0.001) and total score (p=0.004) of 
SGRQ (Table 4). 
 

 
 

Correlation between anxiety score and number of 
exacerbation 

 

 
 

 
Distribution of the number of exacerbation and quality of 
life questionnaire scores 

 

   

Number of exacerbation 
 

p 
0-1 ≥2 

SF
-3

6
(P

H
A

) 

 

Physical 

function 
63.64±32.82 40.58±33.20 0.009 

0
.0

0
4

 Physical role 

limitation 
60.80±46.81 29.81±43.02 0.010 

Pain 77.75±17.59 72.15±18.65 0.154 

General health 61.02±19.27 45.19±22.24 0.002 

SF
-3

6
(M

H
A

) 

 

Social function 67.61±24.90 61.54±23.69 0.384 

0
.0

9
3

 

Mental role 

limitation 
68.94 ±44.54 42.31±47.66 0.018 

Sanity 66.27±22.03 58.15±21.50 0.112 

Energy 62.73±20.35 50.19±21.23 0.020 

W
H

O
Q

O
L

-1
0

3
 

Physical health 69.50±16.40 59.69±18.25 0.031 

Psychological 

health 
72.30±13.51 69.37±16.74 0.515 

Level of 

independence 
71.16±17.85 57.63±21.19 0.011 

Social area 63.78±13.76 60.50±15.54 0.480 

Environment 71.92±12.744 65.44±16.73 0.127 

Personal 

beliefs 
74±19.80 71.63±21.88 0.676 

Social pressure 83.77±19.88 76.03±24.58 0.165 

SG
R

Q
 

Symptom 46.84±21.55 61.80±17.33 0.005 

Activity 51.24±33.94 65.42±27.89 0.092 

İmpact 25.28±22.23 45.36±22.53 0.001 

Total 36.83±22.85 54.21±20.08 0.004 

SF-36: Short Form-36, PHA: Physical Health Area, MHA: Mental Health Area 

WHOQOL-103:  World Health Organization Quality Of Life-103, SGRQ: St 

George’s Respiratory Questionnaire. 

 

Depression was absent in 90% of the patients. There was no sta-
tistically significant relationship between those with 0-1 exacerba-
tions and those with ≥2 exacerbations in terms of depression 
(p=0.134) (Table 5). 

Table 6 shows the Hamilton anxiety score according to the num-
ber of exacerbations. Hamilton anxiety total score (HADS-T) was 
13.48±6.18 in patients with 0-1 exacerbations and 18.38±5.52 in pa-
tients with ≥2 exacerbations. There was a statistically significant dif-
ference between patients with 0-1 exacerbations and patients with 

Table 3 

Figure 1 

Table 4 
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≥2 exacerbations in the anxiety score (p<0.001) and total score 
(p<0.001). 

While a moderate positive correlation was found between the 
number of exacerbations and anxiety score (r=0.468; p<0.001), no 
significant correlation was found between depression scores 
(r=0.054; p=0.655) (Figure 1). 

The mean FEV1 was 1.62 L in patients with 0-1 exacerbations 
and 1.48 L in patients with ≥2 exacerbations. No statistically signif-
icant relationship was found between the number of exacerbations 
and pulmonary function (p=0.368). 

 

 
 

Distribution of depression according to the number of 
exacerbation 

 

 Number of exacerbation 

n (%) 

 

p 

0-1 ≥2 

None 40 (90.9) 23 (88.5) 

0.134 Mild 4 (9.1) 1 (3.8) 

Major 0 (0) 2 (7.7) 

 

 
 

Distribution of anxiety scores according to the number of 
exacerbation 

 

 

 

   Number of exacerbation p 

0-1 ≥2 

Psychic  

Somatic 

Total 

3.91±2.47 

9.57±4.41 

13.48±6.189 

5.12±2.79 

13.15±3.80 

18.38±5.52 

0.086 

0.000 

0.000 

 
 

4. Discussion 

 
In our study of 70 patients with COPD, we found a significant re-

lationship between the number of exacerbations and low quality of 
life, male gender and anxiety. Patients with low quality of life scores 
and functional performance were found to have high number of ex-
acerbations. Poor quality of life was found in the physical and men-
tal subgroups of SF-36, WHOQOL-103 subgroups, symptom and im-
pact subgroups of SGRQ and total score. 

The prevalence of depression in COPD patients was 10%. There 
was no statistically significant relationship between the number of 
exacerbations and the presence of depression. 

There was a moderate positive correlation between anxiety 
scores and number of exacerbations. It was observed that the dis-
ease was prevalent among males and increased with age. The gen-
der difference is explained by the fact that males smoke more and 
more exposed to toxic substances due to their occupation. It is 
thought that this difference will disappear in the near future with 
the gradual increase in smoking habit in females9. In our study, in 
accordance with the literature, the majority of our COPD patients 
were male and older age. 

In a study reported that SF-36 is a valid questionnaire to assess 
quality of life in COPD patients and its physical components are an 
indicator of exacerbation and mortality. In our study, general and 
disease-specific quality of life questionnaires were used10. Quality of 

life scores of patients with 0-1 exacerbation were compared with 
those with more than two exacerbations. A statistically significant 
difference was found in the physical health of SF-36 in the physical 
impact, physical role limitation, and general health groups; in the vi-
tality and mental role limitation groups in the mental health domain. 
Additionally, a statistically significant difference was found in the 
physical health and independence level domains of WHOQOL 103; 
and in the symptom, impact and total scores of SGRQ (p<0.05). (Ta-
ble 5). In a 416-patient study on hospital readmission due to exac-
erbation in COPD patients, some of the risk factors for exacerbation 
were decreased respiratory function, age, poor quality of life, and 
decreased physical activity. In the same study, patients readmitted 
to hospital (due to exacerbation) were found to have high SGRQ 
scores and low quality of life. This study showed that health status 
is an important risk factor for readmission11. 

A study found that impaired health status and high SGRQ scores 
were significant risk factors for hospital readmission in the next 12 
months12. The EFRAM (Estudi del Factors de Risc d' Aguditzacio de 
la MPOC) study in Spain showed that high levels of physical activity 
reduced the risk of hospital readmission. Again, found that those 
who had the lowest score in the health status, sensory skills, scale of 
SF-36 used in the EFRAM study were at a higher risk of exacerba-
tion4. Most of the mortality and morbidity in COPD can be attributed 
to exacerbations. Mortality due to exacerbations is gradually in-
creasing13. It is thought that poor quality of life may reduce current 
life expectancy in COPD patients14. This shows the important rela-
tionship between exacerbations, mortality and quality of life. In a 
study of 321 stable COPD patients shown that SGRQ total score and 
SF-36 physical function score were associated with disease-specific 
and overall mortality in COPD patients15. In our study, as seen in 
many studies reported above, patients with low quality of life scores 
and functional performance were found to have frequent exacerba-
tions. 

Psychological conditions (anxiety and depression) accompany-
ing morbidity in COPD are quite common and often associated with 
increased disability. These conditions also reduce quality of life and 
are often not investigated in the clinical management of COPD pa-
tients. Although different methods have been used in various stud-
ies, depression has been reported between 7-42% in COPD pa-
tients16. They found depressive disorder in 25% of COPD patients 
and anxiety in 44.4%. It is thought that shortness of breath, activity 
limitation and recurrent exacerbations in COPD lead to anxiety17. In 
a study conducted in 2005, significantly increased admission was 
found in the presence of anxiety in patients and no relationship was 
found between depression and admission due to an exacerbations. 
In the same study, a significant relationship was found between anx-
iety, depression and health status, and high SGRQ scores (low qual-
ity of life) were found in patients presenting with an exacerba-
tions18. A study found that anxiety and depression were associated 
with a higher risk of relapse in asthma and COPD patients admitted 
for emergency treatment5. The EFRAM study found that patients 
with low health status were more likely to be admitted for an exac-
erbations4. One study found that patients with both chronic disease 
and depression had more functional impairment than patients with 
depression and chronic disease alone, and therefore these patients 
needed more primary care and emergency care19-20. In another 
study conducted to determine the level of anxiety in COPD patients, 
the anxiety score was found to be higher in the group with severe 
COPD, but the difference was not statistically significant21. 

In our study, we found a moderate positive correlation between 
anxiety scores and the number of exacerbations, which was similar 
to the literature. We found depression in 10% of our patients, but 
we did not find a statistically significant difference between the level 
of depression and the number of exacerbations. This may be due to 

Table 5 

Table 6 
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the wide range of demographic characteristics of the patients, the 
inclusion of patients from all stages in the study, and the patients' 
perception of depressive complaints as a part of their disease. 

4.1. Limitations  
The fact that the study was conducted between 2007 and 2008 

is a limitation. This is because GOLD updates its guidelines annually. 
Additionally, the unequal distribution of male and female patients 
could influence the prevalence of anxiety and depression, which 
may pose another limitation for this study. 

 
 

5. Conclusion 
 

In our study, a significant correlation was found between the 
number of exacerbations and poor quality of life, male gender and 
anxiety. Based on this, we believe that the factors that constitute 
quality of life should be taken into consideration when determining 
the severity of the disease and evaluating treatment interventions 
and that the use of quality of life questionnaires in outpatient clinics 
would be appropriate. In addition to medical treatment, psycholog-
ical and social assistance should be provided to improve quality of 
life and rehabilitation programs should be emphasized. Psychologi-
cal problems accompanying the disease in COPD affect quality of life, 
patient compliance, treatment duration and costs, mortality and 
morbidity. Therefore, evaluating patients psychologically and treat-
ing appropriate patients will make it easier to control COPD. COPD 
should be considered as a chronic systemic disease and should be 
analyzed in all aspects. Future studies that utilize multi-center de-
signs and incorporate various anxiety and depression scales, in ac-
cordance with the current GOLD criteria, could contribute signifi-
cantly to the literature. 
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1. Introduction

Incarcerated hernia is a clinical condition that requires emer-
gency surgical intervention and carries a high risk of complications. 
A hernia is defined as the protrusion of intra-abdominal organs 
through a defect or weak point in the abdominal wall. These organs 
can become trapped within the hernia sac, leading to incarceration, 
which can progress to strangulation and organ necrosis due to im-
paired circulation. This condition can lead to serious complications 
in the gastrointestinal system and potentially fatal outcomes1. 
Therefore, it is critical to determine a rapid and effective treatment 
strategy in patients diagnosed with incarcerated hernia. 

Surgical intervention is generally the first choice in the treat-
ment of incarcerated hernia, with emergency surgery being the 
most commonly applied method2. However, treatment options may 
vary depending on the type of hernia, the patient’s overall condition, 

age, and comorbidities. In some cases, bowel resection or stoma for-
mation may be required during surgery, and such procedures can 
directly affect the patient’s short- and long-term prognosis. How-
ever, there is no consensus in the literature on which factors neces-
sitate such additional surgical procedures in the treatment of incar-
cerated hernia3. Most existing studies are limited to small case se-
ries or retrospective analyses, and there is a need for more data on 
stoma and resection rates according to the type of hernia. 

This study hypothesizes that there is a significant relationship 
between advanced age and the necessity for bowel resection in in-
carcerated hernia cases3. Additionally, it aims to investigate 
whether different hernia types influence treatment approaches and 
outcomes, particularly in terms of emergency surgery, stoma for-
mation, and resection rates. 

Aim: The aim of this study is to evaluate the demographic characteristics, treatment methods, and outcomes of 

patients presenting with incarcerated hernia. This study investigates the rates of stoma and bowel resection ap-

plication according to different types of hernia, as well as the effects of demographic variables such as age and 

gender on treatment options. 

Methods: This study included 109 patients who were admitted to our clinic with incarcerated hernia between 

August 1, 2022, and August 1, 2024. Data such as age, gender, type of hernia, treatment method applied, and 

whether stoma or resection was performed were collected. Statistical analyses were conducted using SPSS 22.0 

software, and the relationships between groups were evaluated using Pearson Chi-Square test, Likelihood Ratio 

test, and Linear-by-Linear Association test. 

Results: Emergency surgical intervention was more frequently preferred in inguinal and femoral hernia cases, 

whereas follow-up treatment was more commonly applied in incisional hernias. The highest rate of stoma for-

mation was observed in incisional hernias. A linear relationship was found between increasing age and the neces-

sity for resection (p=0.022). A statistically significant relationship was observed between the type of hernia and 

the treatment method in certain cases (p=0.025). 

Conclusions: Treatment approaches vary depending on hernia type and patient’s age, with increased risk of com-

plications in elderly patients. This study may contribute to the development of more appropriate treatment strat-

egies. 

Keywords: Incarcerated hernia; emergency hernia repair; hernia-related complications; surgical outcomes in her-

nia; stoma and resection rates 
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The aim of this study is to evaluate the demographic character-
istics, treatment processes, and outcomes of patients who presented 
to our clinic with incarcerated hernia. The study examines the rates 
of stoma and resection application by hernia type and the effects of 
demographic variables such as age and gender on treatment options 
and outcomes. These findings are expected to contribute to the de-
velopment of more appropriate strategies in the treatment of incar-
cerated hernia and support clinical decision-making processes. 

 
 

2. Materials and Methods 
 
This study included 109 patients who presented to our General 

Surgery Clinic with a diagnosis of incarcerated hernia between Au-
gust 1, 2022, and August 1, 2024. Data such as age, gender, type of 
hernia, treatment method applied (emergency surgery or follow-
up), and whether a stoma or resection was performed were ob-
tained from patient files. Patients who were not operated immedi-
ately underwent imaging studies, with IV contrast-enhanced ab-
dominal CT being the preferred method to evaluate their condition. 
Clinically irreducible cases were taken directly to surgery. Addition-
ally, patients managed with follow-up were later scheduled for elec-
tive surgery and underwent the procedure as planned. All patients 
included in the study were over 18 years of age, and their diagnosis 
and treatment processes were fully recorded. Rare types of hernia, 
such as obturator hernia, were excluded from the study. Patients 
with missing data were not included. 

Patients with a history of previous hernia repair surgery were 
included in the study, provided that they presented with incarcer-
ated hernia requiring urgent evaluation. Those with a history of 
prior intra-abdominal malignancy, advanced liver cirrhosis, severe 
coagulopathy, or end-stage renal disease were excluded. 

 
 

 
Hernia Types Distribution Based on Surgical Interventions 

 
 

 

 
The follow-up period for post-operative patients was at least 30 

days, during which complications such as surgical site infection, 
bowel obstruction, and hernia recurrence were recorded. 

All patients underwent a standardized diagnostic approach. 
Physical examination and detailed anamnesis were performed in all 
cases, followed by imaging. IV contrast-enhanced abdominal CT was 
the primary imaging modality used for incarcerated hernias, while 

bedside ultrasound was performed selectively in cases where im-
mediate imaging was required. 

The demographic and clinical data used in the study include var-
iables such as age, gender, type of hernia (inguinal, femoral, inci-
sional, umbilical, epigastric), stoma status (without stoma, with 
stoma), resection status (without resection, with resection), and 
treatment method applied (emergency surgery, follow-up). The 
data were obtained from the hospital information management sys-
tem and patient files. 

Statistical analysis was performed using SPSS 22.0 software. De-
scriptive statistics of demographic data were reported as mean, me-
dian, 25th and 75th percentiles for age, and frequency and percent-
age for categorical variables. Crosstab analyses were used to evalu-
ate stoma and resection status by hernia type. Relationships be-
tween groups were evaluated using Pearson Chi-Square test, Likeli-
hood Ratio test, and Linear-by-Linear Association test. Results with 
p-values below 0.05 were considered statistically significant. Fish-
er's Exact Test was used when the expected frequencies in the cells 
were less than 5. 
 
 

3. Results 

 
This study examined the demographic characteristics, stoma 

and resection application rates by hernia type, and treatment meth-
ods of patients presenting to our clinic with incarcerated hernia. A 
total of 109 patients were included in the study. The mean age was 
68.64, and the median age was 70. The 25th percentile of ages was 
61.50, the 50th percentile (median) was 70.00, and the 75th percen-
tile was 77.00. The gender distribution showed that 40 of the 109 
patients were male (36.7%), and 69 were female (63.3%). Table 1 
presents the demographic and clinical data of the patients. 
 
 

 
Demographic and Clinical Characteristics of Patients 

 

Characteristics % n / Mean ± SD 

Total Number of Patients 109 

Female 63.3% 69 

Male 36.7% 40 

Average Age  68.64 years ± 11.20 

Female Average Age  68.14 years ± 11.70 

Male Average Age  69.5 years ± 10.36 

Hernia Type   

Inguinal Hernia 29.4% 32 

Femoral Hernia 11% 12 

Incisional Hernia 38.5% 42 

Umbilical Hernia 18.3% 20 

Epigastric Hernia 2.8% 3 

 

 
 

Among the patients diagnosed with inguinal hernia, 31 out of 
32 were without a stoma, whereas only 1 patient presented with a 
stoma. Of the 12 patients presenting with femoral hernia, 11 did not 
have a stoma, while 1 patient had a stoma. Out of the 42 patients 
with incisional hernia, 39 were without stoma, and 3 had a stoma. 
In the umbilical hernia group, all 20 patients were without stoma. In 
the epigastric hernia group, all 3 patients were without stoma. Over-
all, 104 out of 109 patients were without stoma, and 5 had a stoma. 
These data indicate that stoma formation is rare in some types of 
hernia. 
 
 

Figure 1 Table 1 
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Age Group Distribution of Patients by Intestinal Resection Status 

with Chi-Square Analysis 

 

 
 
 

 
Association Between Age and Resection Status in Incarcerated 

Abdominal Wall Hernia Patients. 

 
Age Non-Resection (n) Resection (n) Total (n) 

40 1 0 1 

42 2 0 2 

43 1 0 1 
44 1 0 1 

46 1 0 1 

49 1 0 1 
50 1 0 1 

52 0 1 1 

53 3 0 3 
54 1 0 1 

55 1 0 1 

56 1 0 1 
57 2 0 2 

58 2 1 3 

59 3 0 3 
60 1 0 1 

61 3 0 3 

62 3 1 4 
63 1 0 1 

64 3 1 4 

65 2 0 2 
66 3 0 3 

67 1 3 4 

68 2 1 3 
69 3 1 4 

70 3 1 4 

71 5 1 6 
72 4 1 5 

73 4 1 5 

75 3 0 3 
76 2 2 4 

77 4 0 4 
78 3 0 3 

79 3 0 3 

80 1 4 5 
81 2 4 6 

82 1 0 1 

83 1 0 1 
85 2 0 2 

86 1 1 2 

87 0 1 1 
89 1 0 1 

91 1 0 1 

Linear-by-Linear Association P: 0.022 

When examining whether resection was performed by hernia 
type, 27 out of 32 patients with inguinal hernia were without resec-
tion, and 5 had resection. Among the 12 patients with femoral her-
nia, 6 were without resection, and 6 had resection. Out of 42 patients 
with incisional hernia, 33 were without resection, and 9 had resec-
tion. In the umbilical hernia group, 16 out of 20 patients were with-
out resection, and 4 had resection. In the epigastric hernia group, 2 
out of 3 patients were without resection, and 1 had resection. 
Figure 1 graphically presents the patients who underwent 
resection and stoma. 

In assessing the relationship between age and the performance 
of resection, most patients who underwent resection were 67 years 
or older. Table 2 presents the age distribution of patients who re-
quired bowel resection compared to those who did not. Figure 2 
graphically presents the patients with and without bowel resection 
in hernias according to age. Chi-square tests were conducted to eval-
uate the statistical significance of this relationship. The Pearson Chi-
Square test yielded a value of 45.918 (df = 42, p = 0.313), indicating 
no statistically significant association between age and the need for 
resection. Similarly, the Likelihood Ratio test resulted in a value of 
50.887 (df = 42, p = 0.163). However, the Linear-by-Linear Associa-
tion test showed a significant result (5.279, df = 1, p = 0.022), sug-
gesting a potential trend where older patients may have a higher 
likelihood of requiring resection. Due to the low expected counts in 
some cells, these results should be interpreted with caution. 

In the evaluation of treatment approaches based on hernia 
type, 25 out of 32 patients with inguinal hernia underwent emer-
gency surgery, while 7 patients were managed with follow-up.  

All 12 patients with femoral hernia underwent emergency 
surgery. Among the 42 patients with incisional hernia, 27 
underwent emergency surgery, while 15 were followed up. In the 
umbilical hernia group, 15 out of 20 patients underwent emergency 
surgery, while 5 were followed up. In the epigastric hernia group, all 
3 patients underwent emergency surgery. Overall, 82 out of 109 
patients underwent emergency surgery, and 27 received follow-up 
treatment. Table 3 shows the types of treatment by hernia type. 
 

 

 
Distribution of Hernia Types by Management Approach and Chi-

Square Test Results 

 

Hernia Type 
Emergency Surgery 

(n, %) 

Reduced Follow-

Up (n, %) 

 

Inguinal Hernia 25 (78.12%) 7 (21.87%) 

Femoral Hernia 12 (100%) 0 (0%) 

Incisional Hernia 27 (64.28%) 15 (35.72%) 

Umbilical Hernia 15 (75%) 5 (25%) 

Epigastric Hernia 3 (100%) 0 (0%) 

Total Cases 82 (75.2%) 27 (24.8%) 

Chi-Square Test 

Results 
Value p-value 

Pearson Chi-Square 7.783 0.100 

Likelihood Ratio 11.175 0.025 

Linear-by-Linear 

Association 
0.409 0.523 

Number of Valid 

Cases 
109 

Notes: 

 

40% of cells have an expected count of less 

than 5. The minimum expected count is 

0.74. 

 

 
 

Figure 2 

Table 2 

Table 3 
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When examining the statistical analysis results, the Pearson 
Chi-Square test value for the relationship between hernia type and 
stoma formation was 2.274 (p=0.686), indicating no significant re-
lationship. However, a linear relationship was found between in-
creasing age and the need for resection (p=0.022). For the relation-
ship between hernia type and treatment method, the Likelihood Ra-
tio test p-value was 0.025, indicating a statistically significant rela-
tionship in some cases. 

 

4. Discussion 
 
This study retrospectively evaluated the treatment methods 

and outcomes of patients diagnosed with incarcerated hernia. Our 
findings highlight the rates of various surgical interventions (e.g., 
bowel resection, stoma formation) according to hernia type and 
their association with demographic factors such as age. The analysis 
included patients with inguinal, femoral, incisional, umbilical, and 
epigastric hernias, and the results were compared with existing 
literature. 

Emergency surgery was the predominant treatment approach 
for patients with inguinal hernia. In our cohort, 78.12% of patients 
underwent emergency surgery, while 21.87% were managed con-
servatively with reduction and follow-up. These findings align with 
the literature, which underscores surgical intervention as the pri-
mary treatment for inguinal hernias, with conservative manage-
ment being less common 4,5. Similarly, all cases of femoral hernia 
(100%) required emergency surgical intervention in our study. This 
observation is consistent with prior research highlighting the high 
risk of strangulation and necrosis in femoral hernias, necessitating 
urgent surgical treatment 6. According to the European Hernia Soci-
ety (EHS) guidelines, femoral hernias should be managed surgically 
as soon as possible due to their high risk of incarceration and stran-
gulation 7. Our findings support this recommendation and empha-
size the need for prompt surgical intervention in these cases. 

In patients with incisional hernias, 64.28% underwent emer-
gency surgery, while 35.72% were followed up. This variability re-
flects the heterogeneous clinical course and complication potential 
of incisional hernias. The literature suggests that while follow-up 
may be appropriate in certain cases, emergency surgery is crucial 
for patients with high complication risks 5,8,9. Our findings corrobo-
rate this variability, emphasizing the importance of individualized 
treatment strategies. The American College of Surgeons (ACS) sug-
gests that incisional hernias with signs of incarceration or strangu-
lation should be managed urgently to reduce the risk of complica-
tions10. Our study aligns with this recommendation, highlighting 
that a significant proportion of incisional hernias required emer-
gency intervention. 

The treatment distribution for umbilical and epigastric hernias 
also aligned with existing literature. Emergency surgical interven-
tion was performed in 75% of patients with umbilical hernia, 
whereas 25% were managed conservatively. In contrast, all patients 
with epigastric hernia (100%) underwent emergency surgical inter-
vention. These results suggest that although these hernia types are 
often less complex, their incarceration necessitates prompt surgical 
management. Clinical judgment remains critical in determining the 
appropriate treatment approach 11-113. 

Our analysis of bowel resection and stoma formation rates by 
age revealed that bowel resection was more common in patients 
aged 67 years and older. While the association between age and 
bowel resection was not statistically significant (p:0.313), a linear 
trend was observed between increasing age and the need for resec-
tion (p:0.022). This outcome suggests that elderly patients present-
ing with incarcerated hernia are more likely to require intestinal re-
section, highlighting the importance of perioperative risk assess-

ment and careful surgical planning in this population14. These re-
sults support the need for close monitoring and individualized man-
agement strategies in elderly patients to minimize morbidity and 
optimize postoperative outcomes14. This finding is consistent with 
previous studies reporting higher complication rates in elderly pa-
tients 14-16. Considering these findings, early surgical intervention 
should be prioritized in elderly patients presenting with incarcer-
ated hernia to potentially reduce the need for bowel resection and 
its associated morbidity17. 

Crucially, a statistically significant relationship was found be-
tween hernia type and treatment approach (p=0.025), suggesting 
that different hernia types may have a direct influence on the pre-
ferred management strategy. This result indicates that certain her-
nia types, particularly femoral and epigastric hernias, may require 
more aggressive surgical intervention due to their higher risk of 
strangulation and associated complications7. Understanding this re-
lationship can aid in refining clinical decision-making and optimiz-
ing individualized treatment plans. Given the significant association 
between hernia type and surgical approach, future guidelines could 
incorporate stratification models to better define which patients 
benefit most from early surgical intervention18. 

Notably, stoma formation was more frequently required in pa-
tients with incisional hernias compared to other hernia types. This 
finding is in line with the literature, which identifies a higher com-
plication risk in incisional hernias, often necessitating stoma for-
mation. These results underscore the importance of heightened 
clinical vigilance in managing incisional hernias. 

Differences in treatment methods were also observed across 
hernia types. A statistically significant relationship was found be-
tween hernia type and treatment approach in certain cases 
(p:0.025), suggesting that the clinical course and complication po-
tential of specific hernia types influence treatment decisions. These 
findings advocate for more tailored treatment strategies for incar-
cerated hernias 19,20. 

This study was conducted in a single center with a limited num-
ber of patients (n=109), which may restrict the generalizability of 
the findings to a broader population. Future multi-center studies 
with larger cohorts are needed to validate our results. As a retro-
spective study, our findings are subject to inherent limitations in 
data collection and potential selection bias. A prospective study de-
sign would provide more robust evidence regarding the causal rela-
tionship between hernia type, patient demographics, and surgical 
outcomes. The postoperative follow-up period in this study was at 
least 30 days, which may not be sufficient to assess long-term out-
comes such as hernia recurrence and chronic complications. Future 
studies with longer follow-up durations are necessary. Although all 
patients underwent standardized diagnostic imaging (contrast-en-
hanced CT as the primary modality), variations in surgical tech-
niques and perioperative management strategies may have influen-
ced outcomes. 

This study has several limitations. First, as a retrospective analy-
sis, it is subject to inherent limitations in data collection. Additio-
nally, being a single-center study with a relatively small patient po-
pulation, the generalizability of the findings is limited. Future rese-
arch incorporating data from multiple centers and larger cohorts is 
warranted to provide more robust evidence regarding the treat-
ment options and outcomes for incarcerated hernias. 

 
 

5. Conclusion 
 

Our findings highlight the importance of considering hernia 
type, patient age, and general condition in determining treatment 
strategies for incarcerated hernias. The increased need for stoma in 
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incisional hernias and the higher risk of complications with advanc-
ing age emphasize the necessity of individualized approaches. 
Emergency surgical intervention remains crucial, particularly for 
femoral and epigastric hernias. These results contribute to improv-
ing clinical decision-making in the management of incarcerated her-
nias. 
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1. Introduction

Percutaneous dilatational tracheostomy (PDT) is a commonly 
performed surgical procedure in intensive care units (ICUs) for pa-
tients receiving prolonged invasive mechanical ventilation. 1,2 
Among the various PDT techniques, the percutaneous tracheostomy 
method described by Griggs and colleagues 3 is widely used, involv-
ing tracheal dilation with forceps to place the tracheostomy cannula. 

The ability to perform PDT at the patient's bedside without the 
need for operating room transport, along with its lower complica-
tion rates, makes it widely used in ICU patients planned for elective 
tracheostomy. 4 However, complications can occur during and after 
the procedure, including bleeding, hypercapnia, hypoxia, subcuta-
neous emphysema, pneumothorax, sudden death, and esophageal 
injury. 5 Post-procedure complications may include early and late 
bleeding, pneumonia, stoma infection, cellulitis, tracheocutaneous 
fistula, and tracheoesophageal fistula. 5 The use of bronchoscopy 
during PDT can enhance procedural safety and reduce the incidence 
of complications both during and after the procedure. 6 Bronchos-
copy helps to select appropriate incision site, to prevent posterior 
tracheal wall puncture and confirm the proper insertion of the can-
nula. However, it is still controversial to use bronchoscopy routinely 

when performing PDT. 7 
Bronchoscopy may facilitate PDT particularly in patients with 

limited neck extension. It was shown that very early (within 3 days) 
PDT under the guidance of bronchoscopy can be safely performed 
in anterior cervical spine fixation patients. 8 

Effects of timing of PDT on outcomes have been researched in 
literature and variable results have been achieved. In a retrospec-
tive study comparing very early versus early and late PDT in 255 
ICU patients, it was found that very early tracheostomy achieved 
shorter length of hospital stay and reduced mortality. 9 

Clinical outcomes between trauma patients who underwent 
early (within 10 days), and late (after 10 days) tracheostomy were 
compared and early tracheostomy was found to reduce the length 
of hospital and ICU stay and duration of mechanical ventilation. 10 

Besides, a randomized controlled trial (RCT) showed no signifi-
cant benefit for early (<10 days of intubation) versus late tracheost-
omy (>10 days of intubation). Additionally, it was found that only 
45% of the cases who underwent to late tracheostomy actually 
needed it after 10 days. 11 

We aimed to retrospectively evaluate the clinical outcomes and 

Aim: Percutaneous dilatational tracheostomy (PDT) is a common procedure in intensive care units (ICUs) for pa-

tients requiring prolonged mechanical ventilation. This study aims to evaluate the outcomes of PDT under fiber-

optic bronchoscopy guidance, comparing early versus late tracheostomy timing. 

Methods: This retrospective study analyzed 57 patients who underwent PDT with fiberoptic bronchoscopy guid-

ance. Patient demographics, Glasgow Coma Scale (GCS) scores, APACHE II scores, duration of mechanical ventila-

tion, and complications were assessed.  

Results: Of the 57 patients, 29.8% underwent early tracheostomy, and 70.2% underwent late tracheostomy. No 

significant differences were found in terms of age, gender, or GCS and APACHE II scores between the two groups. 

No significant differences in ICU length of stay, mortality, or weaning from ventilator were observed between the 

groups. The incidence of minor complications was similar between the two groups. 

Conclusions: The study found no significant difference in clinical outcomes between early and late tracheostomy 

groups. While bronchoscopy enhanced procedural safety, it did not impact complication rates significantly. The 

timing of PDT should be individualized based on clinical judgment and patient condition. Tracheostomy timing 

should be tailored to each patient’s condition, and larger studies are needed to define optimal timing guidelines. 

Keywords: Percutaneous dilatational tracheostomy; fiberoptic bronchoscopy; mechanical ventilation; ICU; timing 

of tracheostomy 

Original Article Cukurova Anestezi ve Cerrahi Bilimler Dergisi

Corresponding Author: Orhun Demir, orhundemir@gmail.com, Received: 06.01.2025, Accepted: 12.03.2025, Available Online Date: 15.03.2025 Cite this article as: Yuksel BE, 

Yöntem ÖZ, Demir O. Bronchoscopic-Guided Percutaneous Dilatational Tracheostomy: A Single-Center Experience. J Cukurova Anesth Surg. 2025;8(1):67-72. 

https://doi.org/10.36516/jocass.1614658 Copyright © 2025 This is an open access article distributed under the terms of the Creative Commons Attribution-Non-Commercial-

No Derivatives License 4.0 (CC-BY-NC-ND), where it is permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used 

commercially without permission from the journal. 

67

https://orcid.org/0000-0002-4136-8317
https://orcid.org/0000-0003-3725-631X
https://orcid.org/0000-0002-4815-2674


Yuksel et al.   Volume 8 Issue 1 2025 https://dergipark.org.tr/en/pub/jocass   

 

complication rates in the patients who underwent early or late PDT 
performed under fiberoptic bronchoscopy guidance in our clinical 
practices in this study. 

 
 

2. Materials and Methods 
 
The study was carried out at the ICUs of Lokman Hekim Univer-

sity Ankara Hospital with a bed capacity of 51. The ethics committee 
approval was taken from the Lokman Hekim University Ethics Com-
mittee (Date: 29/11/2024, No: 2024/275). Data of the patients un-
dergoing PDT in ICUs between January 2021 and October 2024 
were obtained from the hospital database and analyzed retrospec-
tively. 

From the patient records, age, genders, ICU admission indica-
tions, Glasgow Coma Scale (GCS) scores, Acute Physiology and 
Chronic Health Evaluation-II (APACHE II) scores, duration of inva-
sive mechanical ventilation (IMV) before and after tracheostomy, 
total duration of IMV, results of blood gas analyze results, early and 
late complications during and after tracheostomy were recorded.  
2.1. Tracheostomy Procedure 

From 2021 onward, tracheostomy procedures in our ICU have 
been performed bedside using bronchoscopy guidance, Griggs for-
ceps for dilation, and a modified mini-surgical technique. After ob-
taining informed consent, pre-procedure evaluations of bleeding 
parameters and other laboratory tests were performed. If patients 
were under anticoagulants, appropriate adjustments were done. 
The PDT equipment was checked, and pre-oxygenation was pro-
vided with 100% FiO2 with mechanical ventilator on a controlled 
mode. Patients were given adequate analgesia, sedation, and muscle 
relaxants. The preparation involved positioning the patient with 

transverse shoulder elevation to achieve head extension. After ster-
ile cleaning of the surgical site and clothing, surgical asepsis was 
maintained with appropriate protective gear (cap, mask, sterile 
gown, and gloves) as well. The thyroid cartilage, the first, second, 
and third cricoid cartilages were marked with a marker. Local anes-
thesia (2% lidocaine with adrenaline) was applied at the identified 
site, followed by a vertical 1-1.5 cm incision. Bronchoscopy was 
used to visualize the trachea for guidance. Following vertical and 
transverse blunt dissection, mini-surgical exposure of the trachea 
was achieved. A needle attached to a 3-4 ml saline-filled syringe was 
inserted into the trachea and its position was verified via bronchos-
copy and bubbles seen in the syringe when aspirated simultane-
ously. A J-tip guidewire was then introduced into the trachea, and 
dilation was performed using a small dilator followed by Griggs for-
ceps over the guidewire. After ensuring hemostasis, the tracheost-
omy cannula was lubricated and inserted with the aid of the guide-
wire. Bronchoscopic visualization confirmed proper cannula place-
ment, and lung ventilation was assessed using a stethoscope and by 
verifying mechanical ventilator settings. The endotracheal tube was 
removed, and the tracheostomy cannula was secured and dressed. 
Patients' admission diagnoses were categorized as neurological 
(cerebrovascular disease, degenerative and demyelinating dis-
eases), infectious diseases, intracranial lesions, respiratory prob-
lems, post-cardiac arrest conditions, trauma, or cardiac-related 
events. Complications were classified as intra-procedural or post-
procedural; intra-procedural complications included hypoxemia, 
acute bleeding, or death, while post-procedural complications in-
cluded subcutaneous emphysema, bleeding, pneumothorax, stoma 
infection, and tracheal stenosis. Bleeding was classified as none, mi-
nor (controlled with sponges), moderate (requiring pressure dress-
ing), or massive (requiring operating room intervention). 

 

 

 
Demographic data and ICU process of the patient groups receiving early and late tracheostomies 

 

Variable Total (n=57) Early Tracheostomy (n=17) Late Tracheostomy (n=40) p 

Male 30 10 20 
0.5761 

Female 27 7 20 

Age, years median (min;max) 74 (18-96) 60 (22-83) 75 (18-86) 0.3122 

Duration from intubation to tracheostomy, days 13 (1-40) 7 (1-10) 19.5 (11-40) ˂0.0013 

After PDT MV days 13 (1-103) 10 (1-39) 13.5 (2-103) 0.4373 

APACHE II 22.32 (±7.515) 22.12 (±6.224) 22.40 (±8.073) 0.8984 

GCS 7 (3-15) 10 (3-15) 7 (3-15) 0.1503 

Comorbidities of patients 

 Hypertension 32 6 26 0.0381 

 Diabetes mellitus 23 7 16 0.5811 

 Chronic obstructive pulmonary disease 14 2 12 0.1281 

 Asthma 1 0 1 0.7021 

 Cardiovascular disease 27 7 20 0.3751 

 Malignancy 6 2 4 0.5861 

 Chronic renal disease 3 0 3 0.3381 

 Cerebrovascular disease 8 1 7 0.2381 

Admission diagnoses 

 Neurological 4 (7%) 0 (0%) 4 (10%)  

 Infection 8 (14%) 3 (17.6%) 5 (12.5%)  

 Intracranial lesions 6 (10.5%) 2 (11.8%) 4 (10%)  

 Respiratory 24 (42.1%) 7 (41.2%) 17 (42.5%)  

 Post-CPR 4 (7%) 0 (0%) 4 (10%)  

 Trauma 1 (1.8%) 1 (5.9%) 0 (0%)  

 Cardiac 10 (17.5%) 4 (23.5%) 6 (15%)  

APACHE II: Acute physiology and chronic health evaluation-II scores; GCS: Glasgow Coma Scale; MV: Mechanical ventilation; Cardiopulmonary resuscitation 

CPR; Percutaneous dilatational tracheostomy PDT; 1: Fisher’s Exact test; 2: Pearson chi-square test; 3: Mann–Whitney U test; 4: Student’s t-test 

 

 

Table 1 
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Respiratory parameters of early and late tracheostomy groups on the admission day 

 

Variable Total (n=57) Early Tracheostomy (n=17) Late Tracheostomy (n=40) p 

Admission Day 

 pH 7.38 (6.82-7.56) 7.38 (7.27-7.54) 7.37 (6.82-7.56) 0.5621 

 PaCO2, mmHg 41 (21-219) 40 (26.3-81.8) 41.1 (21-219) 0.8621 

 PaO2, mmHg 65.8 (21.6-242) 60 (40-169) 71.5 (21.6-242) 0.4221 

 PaO2/FiO2 131 (43-484) 120 (80-338) 143 (43-484) 0.4271 

Tracheostomy Day 

 pH 7.45 (7.04-7.77) 7.44 (7.12-7.60) 7.47 (7.04-7.77) 0.2711 

 PaCO2, mmHg 39 (20-77) 42 (28-60) 37 (20-77) 0.1931 

 PaO2, mmHg 94 (41-165) 65 (41-126) 102 (49-165) 0.0091 

 PaO2/FiO2 188 (82-330) 130 (82-252) 204 (98-330) 0.0091 

FiO2: Fraction of inspired oxygen; PaCO2: Arterial partial pressure of carbon dioxide; PaO2: Arterial partial pressure of oxygen; 1: Mann–Whitney U test 

 

 

 
Outcomes of critically ill patients receiving early and late tracheostomies 

 

Variable Total (n=57) Early Tracheostomy (n=17) Late Tracheostomy (n=40) p 

Mortality 43 (75.4%) 12 (70.6%) 31 (77.5%) 0.3081 

ICU LOS, days 35 (7-153) 35 (13-81) 35 (7-153) 0.8962 

Hospital LOS, days 40 (8-153) 42 (13-81) 40 (8-153) 0.8822 

Weaning success 14 (24.6%) 5 (29.4%) 8 (22.5%) 0.4053 

Discharge 12 (21%) 4 (23.6%) 8 (20%) 0.6421 
ICU: Intensive care unit; LOS: Length of stay; 1: Pearson chi-square test; 2: Mann–Whitney U test; 3: Fisher’s Exact test 

 

 

 
2.2. Statistical Analysis 

Statistical analysis was performed using IBM SPSS (Statistical 
Package for the Social Sciences) version 27.0 program. Shapiro-Wilk 
test, histogram, and skewness-kurtosis coefficients were used to 
evaluate normal distribution of the data. For the variables distrib-
uted normally the Student’s T-test and for parameters that did not 
have a normal distribution Mann-Whitney U test was used when 
comparing paired groups. To evaluate Multivariate cross-tabula-
tions Fisher’s Exact test or Chi-square test were used. The survival 
analysis was evaluated using Kaplan-Meier analysis in groups. A p-
value of <0.05 was considered statistically significant. 
 

3. Results 

 
3.1. Features of the overall group  

A total of 57 patients were included in the study. The median age 
of the patients was 74 years (range: 18-96), and 30 patients (52.6%) 
were male. The median number of days on positive pressure me-
chanical ventilation before the tracheostomy procedure was 13 
days (range: 1-40). The median duration of follow-up with trache-
ostomy was 18 days (range:2-150), the median ICU length of stay 
was 35 days (range:7-153) and the median hospital length of stay 
was 40 days (range:8-153).  The mean APACHE II score of all pa-
tients was 22.32 (±7.515), and the median GCS score was 7 (range: 
3-15).  Hypertension was the most common comorbidity (56.1%), 
followed by heart disease in 47.4% of cases, diabetes mellitus in 
40.4%, and chronic obstructive pulmonary disease (COPD) in 
24.6%. When examining hospital admission diagnoses, 42.1% were 
respiratory, 17.5% cardiac, 14% infection, 10.5% intracranial le-
sions, 7% post-CPR, 7% neurological, and 1.8% trauma. There was 
no statistical difference in terms of admission diagnoses between 
groups (p=0.368). Demographic data and ICU process of the patients 
undergoing early and late tracheostomies are shown in Table 1. 

Of 57 cases, 43 patients (75.4%) died during intensive care follow-
up. The overall success rate of weaning from the ventilator was 
24.6%. 
3.2. Comparison of the early and late tracheostomy groups 

PDT performed within 10 days of intubation was defined as 
early PDT and PDT performed after more than 10 days of intubation 
was defined as late PDT according to existing literature. Patients 
were then divided into two groups; Seventeen (29.8%) of 57 
patients were classified in the early group, and 40 patients (70.2%) 
were classified in the late group. The early and late groups were 
similar in terms of age and gender, with no statistical difference 
observed. The median number of days on positive pressure 
mechanical ventilation before the tracheostomy procedure was 7 
days (range: 1-10) in the early group, and 19.5 days (range: 11-40) 
(p<0.001) in the late group. There was no difference in terms of 
APACHE II and GCS scores between the early and late groups. 
Among comorbidities, only hypertension showed a marginally 
significant difference between groups (p=0.038).  

Comparing arterial blood gas values on the first day of 
admission, early and late tracheostomy groups were found similar. 
Arterial blood gas values on the tracheostomy day were compared 
as well; PaO2 (mmHg) was 65 (range:41-126) in the early 
tracheostomy group and 102 (range:49-165) in the late 
tracheostomy group, showing a statistically significant difference (p 
= 0.0091). PaO2/FiO2 ratio was 130 (range:82-252) in the early 
tracheostomy group and 204 (range:98-330) in the late 
tracheostomy group, also demonstrating a statistically significant 
difference (p = 0.009) (Table 2).  

Complications during the procedure included hypoxemia in 1 
patient (1.8%) in the overall group, with 2.5% in the late 
tracheostomy group. Acute bleeding occurred in 4 patients (7%), 
with 1 patient (5.9%) in the early tracheostomy group and 3 
patients (7.5%) in the late tracheostomy group. Post-procedural 

Table 2 

Table 3 
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complications included subcutaneous emphysema in 1 patient 
(1.8%), with 1 patient (5.9%) in the early tracheostomy group and 
none in the late tracheostomy group. Minor bleeding was observed 
in 3 patients (5.3%), with none in the early tracheostomy group and 
3 patients (7.5%) in the late tracheostomy group. No moderate 
bleeding, pneumothorax, or tracheal stenosis were observed in any 
of the groups. Stoma infection occurred in 1 patient (1.8%), with 
none in the early tracheostomy group and 1 patient (2.5%) in the 
late tracheostomy group.  

Twelve (70.6%) of 17 patients in the early group died in ICUs. 
while 31 (%77,5) patients died in the late group. The median ICU 
stay was 35 days (range: 13-81) for the early group and 35,5 days 
(range: 7-153) for the late group, with no statistically significant 

difference (p>0.05). The success rate of weaning from the ventilator 
was slightly higher with an incidence of 29.4% in the early 
tracheostomy group when compared to late tracheostomy group 
(22.5%), though the difference was not statistically significant 
(Table 3). A total of 4 (7,0%) patients, 3 of them in early and 1 in 
late tracheostomy group were decannulated during ICU stay. 

Univariate and multivariate regression analysis was performed 
for variables that may have influenced PTD timing. None of the 
parameters were found to be an independent influencing factor for 
timing of PDT. Regression analysis of variables that may influence 
PDT timing is shown in Table 4. 
 

 

 

 

 
Regression analysis of variables that may influence PDT timing 

 

Variables 

Univariate binary logistic regression Multivariate binary logistic regression 

p Exp(B) 
95% C.I.for EXP(B) 

p Exp(B) 
95% C.I.for EXP(B) 

Lower Upper Lower Upper 

Age 0.021 1.040 1.006 1.075 0.114 1.030 0.993 1.069 

GCS (≥8, <8) 0.151 2.337 0.733 7.451     

APACHE II 0.896 1.005 0.931 1.085     

Hypertension 0.043 3.405 1.038 11.171 0.301 0.488 0.125 1.903 

Diabetes Mellitus 0.934 1.050 0.331 3.331     

Chronic obstructive 

pulmonary disease 
0.159 0.311 0.061 1.577     

Asthma 1 0 0      

Heart failure 0.542 0.700 0.222 2.206     

Malignancy 0.843 1.200 0.198 7.267     

Chronic renal disease 0.999 0 0      

Cerebrovascular 

disease 
0.272 0.295 0.033 2.603     

APACHE II: Acute physiology and chronic health evaluation-II scores; GCS: Glasgow Coma Scale; 

 

 

 
Comparison of Survival Rates in Early and Late Tracheostomy Patients Using Kaplan–Meier (P-log-rank: 0.860). 

 

 
   

Table 4 

Figure 1 
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Kaplan–Meier analysis for survival was performed. Hazard ratio 
was found to be 0,892 (CI; 0,449-1,771) reflecting a 10,8% lower 
mortality rate in early PDT group but was not statistically significant 
(p = 0.744). Kaplan-Meier survival analysis for early and late trache-
ostomy patients is presented in Figure 1. The median survival time 
was 35 days for the early tracheostomy group and 46 days for the 
late tracheostomy group. The difference was not statistically signif-
icant (P-log-rank = 0.860).  

 
 

4. Discussion 
 

The clinical outcomes of early and late tracheostomy in ICU pa-
tients undergoing PDT were evaluated in this study. 

In our study, no statistically significant difference was found be-
tween the early and late groups regarding total length of stay in the 
ICU. In a randomized controlled trial (RCT) involving stroke patients 
monitored in the intensive care unit, patients were grouped into 
early (1-3 days) and standard (7-14 days) tracheostomy timing 
groups; length of ICU stay was found similar between the groups, 
but mortality was lower in the early group compared to the stand-
ard group. 12 A meta-analysis identified a lower mortality rate in the 
early tracheostomy group (<10 days) compared to the late trache-
ostomy group as well. 13 It was found in a publication investigating 
127,475 tracheostomy patients’ data obtained from The National 
Inpatient Survey found that early tracheostomy reduces mortality, 
medical care at home, length of stay in the ICU, and overall hospital 
costs. 14 

No statistically significant difference was found in mortality be-
tween the early and late tracheostomy groups in our study. The suc-
cess rate of weaning from the ventilator was slightly higher in the 
early tracheostomy group when compared to late tracheostomy 
group but was not statistically significant. 

In a recent publication comparing surgical tracheostomy and 
PDT, PDT resulted in significantly decreased long-term follow up, 
delayed decannulation and increased complications. They con-
cluded that protocols of PDT in the ICU need to be refined. 15 

We could not evaluate the long-term complication rates because 
of the inability to reach the long-term follow-up records of the pa-
tients but we have observed a relatively low complication rate with 
PDT in our study. 

In the literature the incidence of complications during PDT var-
ies for each complication; for pneumothorax 0-4 %, for sub-cutane-
ous emphysema 0-4 %, for stomal infection 0-10 %, for hypoxia 0-
25 %.  

In a prospective randomized study comparing conventional and 
semi-surgical PDT it was found that the incidence of hypoxemia, in-
traoperative bleeding, pneumomediastinum, pneumothorax, subcu-
taneous emphysema and stoma infection was 0% during semi sur-
gical PDT. They found an incidence of 1,3% for postoperative bleed-
ing and loss of airway. They have concluded that semi-surgical PDT 
is associated with lower complication rates when compared to con-
ventional PDT. 16 

We have observed hypoxemia in 1.8%, acute bleeding in 7%, 
subcutaneous emphysema in 1.8%, minor bleeding in 5.3% and 
stoma infection in 1.8% of the overall population.  Moderate bleed-
ing, pneumothorax, or tracheal stenosis were not observed in any of 
the patients in our study. Though our complication rates were simi-
lar with the existing literature and relatively low probably because 
of semi surgical PDT technique, comparison of the early and late 
PDT in terms of complications may not be powerful due to relatively 
smal sample size. 

Fiberoptic bronchoscopy facilitates better visualization of air-
way structures, potentially reducing injuries and enhancing proce-

dure safety during tracheostomy. While its use may minimize com-
plications, retrospective analyses demonstrated that bronchoscopy 
did not affect complication rates significantly. 17,18 One study re-
ported no difference in complication rates between patients who 
underwent PDT with and without bronchoscopy. However, compar-
ing these groups was challenging as patients undergoing bronchos-
copy often presented with technically more complex situations. 17 
Similarly, another retrospective review found no impact of bron-
choscopy on the complication rates. 18 In a study of PDT performed 
using the Griggs technique without guidance of a bronchoscopy, 
complication and mortality rates were reported as 8.6% and 0.6% 
respectively, concluding that PDT without guidance of a bronchos-
copy is safe. 19 Other studies have reported lower complication 
rates; one indicated a 3.5% complication rate, while another re-
ported a 0.17% mortality rate. 20,21 Despite limited data supporting 
its use, bronchoscopy during PDT remains common practice. A sur-
vey by Kluge et al. 22 demonstrated that 98% of ICUs in Germany 
routinely use bronchoscopy during PDT. The incidence of complica-
tions was relatively low in our study; the complication rate during 
the PDT procedure was found to be 7.8%, and in the post-procedure 
period, it was 8.9%. 

In a multicenter randomized controlled trial conducted across 
70 general ICUs and 2 cardiothoracic ICUs in the United Kingdom 
between 2004 and 2011, 91.9% of patients in the early tracheost-
omy group underwent the procedure as planned, whereas only 
45.5% of patients in the late group required tracheostomy. Many 
late group patients were weaned off mechanical ventilation without 
needing tracheostomy. This study documented the limited capabil-
ity of the physicians to predict which cases will need prolonged ven-
tilatory support. These findings highlight that individual clinical 
conditions should guide tracheostomy timing and emphasize the 
importance of a patient-centered approach. 23  

Findings of our study suggest that tracheostomy timing does not 
significantly impact mortality. The decision between early and late 
tracheostomy is complex and requires a dual approach: first, pre-
dicting which cases will need longer duration of mechanical ventila-
tion, and second, determining the optimal timing for tracheostomy. 
If the prediction of prolonged ventilation needs is inaccurate, an 
early tracheostomy strategy may lead to redundant procedures for 
some patients, while a late strategy may expose others to unneces-
sarily prolonged endotracheal intubation.  
4.1. Study Limitations 

One of the major limitations of this study is its retrospective de-
sign. The lack of randomization when enrolling the patients into 
early and late groups is also a weak point because the decision to 
perform early or late tracheostomy was given upon the clinicians’ 
opinion or permission of the patients’ relatives.  The severity of the 
disease or survival expectancy of the patient could have affected the 
clinicians ‘decision on timing of PDT and these issues may have re-
sulted in a selection bias. Another weak point of the study is its rel-
atively small sample size which could have led to a type II error and 
failure to detect a true difference. Lastly, the lack of knowledge re-
garding long-term outcomes is another limitation. 

 
 

5. Conclusion 
 

As a conclusion, the timing of percutaneous tracheostomy and 
performing it either under guidance of fiberoptic bronchoscopy or 
not should be tailored to the patient's overall clinical condition and 
individual needs. Although the timing of tracheostomy appears to 
be determined by the physician's clinical intuition and experience, 
it is essential to prioritize a patient-centered, individualized ap-
proach and clearer tracheostomy timing algorithms should be de-
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veloped through larger-scaled and randomized controlled prospec-
tive clinical trials. 
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1. Introduction 

 
Cyclophosphamide (CP) stands out as a highly successful anti-

cancer drug, continuing to be utilized even 50 years after its synthe-
sis. Widely employed in chemotherapy, blood, and bone marrow 
transplantation procedures, CP exhibits a broad range of clinical ap-

plications1. Despite its efficacy, CP is associated with reproductive 
toxicity in both humans and experimental animals2. Adverse effects 
include reduced gonad weight, impaired spermatogenesis, azoo-
spermia, oligospermia, and significant abnormalities in the repro-

 

Aim: This study aimed to investigate the potential protective effects of rosmarinic acid (RA) against cyclophospha-

mide (CP)-induced gonadal toxicity in male Wistar Albino rats. Specifically, the research focused on the modulation 

of apoptotic pathways, with an emphasis on Bax protein expression, and utilized bioinformatic analyses to eluci-

date the key molecular mechanisms and signaling pathways underlying the observed effects. 

Methods: The experimental design consisted of four groups: Control (administered saline), RA (administered ros-

marinic acid), CP (administered cyclophosphamide), and RA+CP (administered a combination of rosmarinic acid 

and cyclophosphamide). Following a 14-day treatment period, body weight, serum malondialdehyde (MDA) levels, 

and Bax protein expression in testicular tissue were evaluated. Additionally, a protein-protein interaction (PPI) 

network influenced by RA and CP was constructed using STITCH and subsequently analyzed in Cytoscape. Func-

tional enrichment analysis was performed to identify key molecular pathways associated with Bax regulation, with 

an emphasis on clusters exhibiting significant associations (p <0.05) for enhanced interpretability. 

Results: In the CP group, a significant reduction in body weight was observed, alongside elevated serum 

malondialdehyde (MDA) levels, indicative of heightened oxidative stress, and increased Bax protein expression, 

reflecting enhanced apoptotic activity. In contrast, the RA+CP group exhibited preservation of body weight, re-

duced Bax expression, and lowered MDA levels, closely resembling the profiles of the control group. Bioinformatic 

analyses revealed that CP predominantly activated molecular pathways associated with oxidative stress, apoptosis, 

and lipid metabolism. In comparison, RA treatment modulated pathways involved in mitochondrial protection, 

endoplasmic reticulum (ER) stress response, and the regulation of cytochrome c release, highlighting its potential 

protective role. 

Conclusions: This study demonstrates that the antioxidant and anti-inflammatory properties of rosmarinic acid 

(RA) significantly mitigate cyclophosphamide (CP)-induced gonadal toxicity in male rats. The protective effects of 

RA are evident in its ability to preserve body weight, reduce oxidative stress, and suppress Bax protein expression, 

a key marker of apoptosis. Furthermore, in-silico analyses confirm that RA exerts its protective effects by modu-

lating critical apoptotic pathways, specifically through the inhibition of Bax expression and the reduction of oxi-

dative stress. These findings underscore the potential of RA as a therapeutic agent to prevent CP-induced gonadal 

damage, offering promise for its future application in protecting against chemotherapy-related reproductive tox-

icity. 

Keywords: Bax expression; cyclophosphamide; gonadal toxicity; rosmarinic acid. 
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ductive system3. Histological changes, particularly in the seminifer-
ous tubule epithelium, have been observed following CP exposure, 
which may lead to degeneration and cell losses in spermatogenesis4. 
The exact cause of CP-induced gonadal toxicity remains unclear, but 
studies indicate that severe oxidative and nitrative stress, inflam-
mation, apoptosis, and genomic changes play pivotal roles. Long-
term exposure to CP has been linked to male infertility, various re-
productive dysfunctions, and oncogenic effects5. The therapeutic 
and toxic effects of the drug are primarily dependent on hepatic me-
tabolism, where the cytochrome P450 mixed-function oxidase sys-
tem generates active metabolites, including phosphoramide mus-
tard and acrolein6. Elangovan et al. have reported that the admin-
istration of a high dose of cyclophosphamide to the testes may lead 
to permanent functional impairments7. Natural antioxidants, like 
Rosmarinic Acid (RA), found in plants of the Lamiaceae family, have 
demonstrated potential in reducing CP toxicity. RA acts as a free rad-
ical scavenger, exhibiting antiviral, antibacterial, and immunomod-
ulatory properties8,9. RA is widely used in food preservation, cos-
metics, and the medical field due to its antimicrobial and antioxidant 
activities. Experimental studies indicate RA's protective effects in 
conditions such as Alzheimer's, wound healing, and renal ischemia-
reperfusion damage10,11. Additionally, RA has been shown to signif-
icantly increase serum testosterone levels in rats, emphasizing its 
potential impact on reproductive functions12,13.  

In conclusion, cyclophosphamide (CP)-induced gonadal toxicity 
remains a significant clinical concern, prompting the investigation 
of antioxidants, particularly rosmarinic acid (RA), as potential miti-
gators of these adverse effects. This study aims to provide a compre-
hensive evaluation of RA's protective role against CP-induced repro-
ductive toxicity, with a particular emphasis on histological altera-
tions and functional impairments in the male reproductive system. 
By exploring RA's potential to counteract CP-induced gonadal dam-
age, this research seeks to contribute valuable insights that may 
guide the development of therapeutic strategies to alleviate the re-
productive side effects associated with CP treatment. 

 
 

2. Materials and Methods 
 

2.1. Experimental design 

The Animal Ethics Committee approval, designated as 2020/16, 
was secured from the local ethics committee of Dicle University. 
Male Wistar Albino rats, aged 15-16 weeks and weighing between 
200-240 grams, were obtained from the Dicle University Health Sci-
ences Research and Application Center for the study. The study di-
vided into four groups: Control (n=7), Rosmarinic Acid (RA, n=7), 
Cyclophosphamide (CP, n=7), and Rosmarinic Acid + Cyclophospha-
mide (RA+CP, n=7). The rats were housed in stainless steel cages 
under controlled conditions, maintaining a 12-hour light/dark cycle 
at a temperature of 22±2°C. Throughout the study, the rats had un-
restricted access to both water and food. The experimental proce-
dure lasted for 14 days, involving daily intraperitoneal injections. 
Comprehensive assessments through immunohistochemical and 
Western blot examinations. Additionally, biochemical analyses 
were conducted following specific protocols, ensuring a rigorous 
and consistent methodology throughout the study. The experi-
mental design and durations were adapted from Alami et al.14 and 
Sabik et al.8 for consistency and referencing within the scientific lit-
erature. 
2.2. Malonaldehyde (MDA) level analysis 

MDA, a byproduct of cellular polyunsaturated fatty acid peroxi-
dation, serves as an oxidative stress indicator. Post-experiment, rat 
blood samples underwent centrifugation, and plasma was stored at 
-80°C for subsequent MDA analysis. Thawed plasma was mixed with 
TCA and TBA, heated, and spectrophotometrically read at 532 nm. 

MDA values, calculated using extinction coefficients and dilution 
factors, underwent statistical analysis in SPSS 24.0, employing 
Anova and Post-Hoc Tukey and Games-Howell tests (p≤0.05). 
2.3 Tissue processing for immunohistochemical staining 

After sacrifice, rat testicular tissues underwent fixation in 10% 
neutral buffered formaldehyde (Catalog no: HT501128, 4L, Sigma, 
Germany) for 6 hours, followed by an additional 18 hours in clean 
neutral formalin. Post-fixation, tissues were rinsed in tap water for 
12 hours to eliminate excess formalin. Sequential dehydration oc-
curred in 50%, 70%, 80%, 90%, and 96% ethanol baths for 8 hours, 
concluding with a final step of 2x30 minutes in absolute alcohol. To 
remove residual alcohol, tissues underwent 2x15 minutes of xylene 
treatment. For infiltration, tissues were incubated in molten paraf-
fin at 58°C for 3x30 minutes in an oven. Paraffin-embedded tissue 
blocks were then embedded at room temperature, and 5 µm thick 
sections were obtained using a Leica R52265 rotary microtome, 
mounted on positively charged slides. Sections were incubated in 
xylene for 15 minutes in two consecutive series, followed by treat-
ment with decreasing alcohol concentrations (100%, 90%, 80%, 
70%) for 5 minutes each. After a 2x15 minute distilled water rinse, 
sections underwent a 3-minute antigen retrieval process in EDTA 
solution at 90°C using a microwave. Post-microwave, sections were 
incubated in Phosphate Buffer Saline (PBS) at room temperature for 
20 minutes. Hydrogen peroxide block solution was applied for 20 
minutes, followed by 2x5 minute PBS washes. Ultra V Block solution 
was then applied for 8 minutes. Subsequently, Bax primary antibody 
(Thermo fisher/PA5120029) was applied overnight at 4°C. The next 
day, sections were left at room temperature for 1 hour, followed by 
2x5 minute washes. After washing, sections were incubated with a 
secondary antibody for 14 minutes. Following 2x5 minute PBS 
washes, sections underwent enzyme binding with Streptavidin pe-
roxidase for 15 minutes. Further washes were performed, and sec-
tions were subjected to a DAB chromogen reaction. Specific reaction 
sections were collected in PBS, followed by counterstaining with 
Mayer's hematoxylin, dehydration, xylene treatment, and mounting 
with Entellan. Prepared slides were examined using a Zeiss Imager 
A2 light microscope and Zen 3.00 software. 
2.4. Western blot protocol 

Testicular tissue lysates, frozen at -80°C, were processed for 
protein analysis using the Smart BCA assay. In the Western blot la-
boratory, resolver and stacker gels were prepared with the TGX 
Stain-Free™ FastCast™ Acrylamide Solution. Protein samples were 
loaded onto these gels for electrophoresis. Following gel electro-
phoresis, proteins were transferred onto a PVDF membrane. Subse-
quent steps, including antibody incubation and imaging, were car-
ried out using the Bio-Rad ChemiDOC MP system. 
2.5. Statistical analysis and Bioinformatics Approaches 

Rat weights were measured pre-experiment, and post-experi-
ment weight checks were conducted for rats receiving the appropri-
ate dose (mg/kg). Prior to the experiment, rat weights were meas-
ured. Prior to the experiment, rat weights were measured. Follow-
ing administration of the appropriate dose (mg/kg), post-experi-
ment weight assessments were conducted. 

Statistical analysis was done using the IBM SPSS 25.0 software 
(IBM, Armonk, New York, US). The data were recorded as median 
(minimum-maximum). Normality of the data distribution was eval-
uated with the Shapiro-Wilk test. Group comparisons were done 
with the Kruskal Wallis and post hoc Mann- Whitney U test. Signifi-
cance was considered for p≤0.05. The number of animals for each 
group was calculated by G Power analysis (version 3.1).  
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3. Results 

 
3.1 Statistical Findings and Bioinformatics Findings in Evaluating 

Toxicity 

In the pre-experiment phase, rat body weights were measured, 
and doses were administered. Post-application, body weights were 
re-measured. The control group showed no significant difference in 
weights before (237±11.02 g) and after (232±14.07 g) the 
experiment (p>0.05). The RA group also exhibited no significant 
difference in weights before (211±7.02 g) and after (204±10.03 g) 
the experiment (p>0.05). However, the CP group displayed a 
significant difference in weights before (207±3.02 g) and after 
(149±11.02 g) the experiment (p≤0.01), indicating a significant 
decrease. In contrast, the RA+CP group showed no significant 
difference in weights before (213±5.02 g) and after (199±13.09 g) 
the experiment (p>0.05). CP significantly decreased the animal's 
weight, but RA treatment mitigated this effect, helping to maintain 
the animal's wellbeing (Fig. 1.and Table 1. show the results). 

Average animal weights before and after the experiment were 
shown in Table 1. A significant decrease in animal weight is 
observed following the administration of CP. However, in the RA+CP 
group, the RA treatment mitigates this weight loss, preventing 
significant reductions in body weight. 
 
 

 

 
Graphical representation illustrates the variations in animal 

weights before and after the initiation of the experiment. The chart 

presents a comparative analysis of the average weights of rats 

within each group, both prior to and following the experimental 

intervention. 

 

 
 

 
 

 

 
Pre and post experiment animal weights 

 

Groups Pre-experiment Post-Experiment p 

Control 237±11.02 232±14.07 0.067 

RA 211±7.02 204±10.03 0.081 

CP 207±3.02 149±11.02 0.001 

RA+CP 213±5.02 199±19.09 0.002 

 

 

 
 

3.2. MDA Analysis 

Serum Malondialdehyde (MDA) concentrations in rats were 
measured as follows: 1.2 ± 0.03 nmol/ml for the control group, 1.3 
± 0.2 nmol/ml for the RA group, 2.5 ± 0.9 nmol/ml for the CP group, 
and 1.7 ± 0.03 nmol/ml for the CP+RA group. The difference in MDA 
levels between the control and RA groups was not statistically 
significant (p>0.05). However, a significant increase was observed 
in the CP group compared to the control group (p≤0.01). 
Additionally, there was a statistically significant reduction in MDA 
levels in the RA+CP group compared to the CP group (p<0.05). MDA 
levels increased after CP induction compared to the control group, 
but RA treatment significantly reduced MDA concentrations 
compared to the CP group (Fig. 2. and Table 2). 
3.3 Immunohistochemical findings. 

Examination of Bax immune stained testicular sections were 
show in in Figure 4. Control and RA group showed negative Bax 
expression in the seminiferous tubules, spermatogonia and 
spermatid cells (Fig. 3a and 3b, respectively). In the CP group, 
positive Bax expression was observed in spermatogenic cells and in 
interstitial cells (Fig. 3c). In the RA+CP group, Bax expression was 
reduced in the seminiferous tubule structures. Bax expression was 
negative in Sertoli cells and in the interstitial connective tissue areas 
(Fig. 3d). 

 
 

 
Graphical representation of Serum Malondialdehyde (MDA) 

concentrations by Group. 

 

 
 

 
 
 
 

 

 
The MDA values for each group. Following CP induction, MDA 

levels increased compared to the control group. However, RA 

treatment significantly reduced MDA content in comparison to the 

CP group (* Control vs CP, **CP vs RA+CP). 

 

Groups MDA (nmol/ml) p 

Control 1.2 ± 0.03 (1.0-1.4)  

RA 1.3 ± 0.2 (1.1-1.5)  

CP 2.5 ± 0.9 (2.1-2.9) 0.002* 

RA+CP 1.7 ± 0.03 (1.5-1.9) 0.001** 

 
 

 
 

Figure 1 

Table 1 

Figure 2 

Table 2 
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Bax immunostained testicular sections. 

 

 
 

 
 

A) Control group, negative Bax expression in spermatogonia cells (orange arrow) and spermatid cells (red arrow),  
B) RA group, negative Bax expression in Sertoli cells (orange arrow) and spermatid cells (red arrow);  
C) intense Bax expression in spermatogonia cells (red arrow) and spermatid cells (orange arrow);  
D) CP+RA group, negative Bax expression in spermatogonia cells (red arrow) and spermatid cells (black arrow). Bax immunohistochemistry; 
Scale bar: 50 µm 
 
 

 
3.4. Western Blot Results 

Protein bands of Bax in testicular tissues per group was 
visualized in Figure 4. β-Actin was used as a positive control. The 
CP group showed a significantly increased band thickness compared 
to the control group and RA group, indicating elevated Bax 
expression. In the comparison of Bax expression between the CP 
and RA+CP groups, the CP group demonstrated higher Bax levels, 
whereas Bax protein levels were notably down-regulated in the 
RA+CP group. These findings suggest that CP treatment leads to 
increased Bax expression, as evidenced by the thicker bands, while 
RA+CP treatment results in reduced Bax expression. (Fig. 5.). 
Bioinformatic analyses revealed that CP primarily activated 
pathways related to oxidative stress, apoptosis, and lipid 
metabolism, all critical to chemotherapy-induced damage. 
Specifically, pathways such as "oxidation by cytochrome P450," 
"apoptosis," and "response to oxidative stress" were significantly 
enriched upon CP-treatment (Figure 5.-A). Conversely, RA 
treatment predominantly influenced pathways related to 
mitochondrial protection, ER stress response, and regulation of 
cytochrome c release from mitochondria, including "regulation of 
release of cytochrome c," "response to hypoxia," and "ER stress 
response." (Figure 5). 

 
 
 

 
 
 

 
 

 
Bax Protein Levels Across Groups 

 

 
In the CP group, there was a significant increase in Bax protein levels compared 

to the control group and RA group. RA treatment decreased Bax band intensity in 

the RA+CP group. 

 

 

 

 

 

Figure 3 

Figure 4 
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Protein-protein interaction (PPI) network and functional enrichment analysis of genes affected by Cyclophosphamide (CP) and 

Rosmarinic Acid (RA). A. PPI network of CP-affected genes and the top 10 statistically significant pathways influenced by CP. B. PPI 

network of RA-affected genes and the top 10 statistically significant pathways influenced by RA. Pathway annotations are listed from top 

to bottom in order of increasing p-values. Statistical significance was set at p < 0.05. 

 
 

 
 
 
 

4. Discussion 
 

The Cyclophosphamide (CP), a phosphoramide phosphoramide 
mustard derivative, is a widely used alkylating agent known for its 
antineoplastic and immunosuppressive properties. It is commonly 
administered alongside other chemotherapeutic agents in the treat-
ment of various cancers such as malignant lymphomas, breast can-
cer, ovarian carcinoma, and myeloblastoma. Additionally, CP is em-
ployed in immunosuppressive therapy to prevent graft rejection 
and treat chronic autoimmune disorders, including rheumatoid ar-
thritis and myasthenia gravis. CP acts by interfering with cell growth 
and differentiation, particularly affecting rapidly proliferating tis-
sues like the gonads. While effective as a therapeutic agent, it also 
has notable toxic effects on various organs and tissues. At high doses 
(greater than 50 mg), over 65% of patients experience nausea and 
vomiting within approximately 12 hours of administration. Be-
tween 5% and 30% of patients undergoing CP treatment experience 

significant hair loss. Experimental studies in animal models have 
also confirmed CP's toxicity and teratogenicity, indicating its ad-
verse effects on fetal development. In patients, CP can induce cysti-
tis, with the incidence of this condition increasing with the dosage. 
CP, along with cumulative dosage and patient age, is also associated 
with an increased risk of early menopause in women and infertility 
in men. Pathological examinations reveal ovarian atrophy, fibrosis, 
and complete absence of follicular structures as key histological fea-
tures in women. In men, prolonged CP treatment can result in irre-
versible azoospermia, with significant degeneration of seminiferous 
tubules and Sertoli cells, signaling extensive gonadal damage. In 
some cases, CP treatment in women leads to irreversible amenor-
rhea15-17. Trasler et al. evaluated the effects of cyclophosphamide 
(CP) on male Sprague-Dawley rats by administering low (5.1 
mg/kg/day) and high doses (6.8 mg/kg/day) for up to 9 weeks. Sig-

Figure 5 
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nificant reproductive toxicity was observed, with oligospermia and 
azoospermia detected at both doses after 6 weeks. Histological and 
biochemical analyses confirmed substantial testicular damage, em-
phasizing the detrimental impact of CP on male fertility18. Hoorweg-
Nijman et al. examined 23 male patients (ages 14.8–28.8) and found 
that cyclophosphamide (CP) treatment disrupted gonadotropin se-
cretion, leading to decreased testosterone levels and testicular dam-
age19. 

Aguilar-Mahecha et al. treated adult male rats with cyclophos-
phamide (70 mg/kg, i.p.) and compared them to a control group (sa-
line solution, i.p.). Sixteen hours after injection, CP specifically dis-
rupted the expression of stress response genes in germ cells during 
spermatogenesis20. Tımar et al. studied the effects of cyclophospha-
mide (CP) and saponin (SP) in 40 male mice divided into four 
groups. CP (15 mg/kg/week, i.p.) caused significant reductions in 
sperm viability, count, and normal morphology, alongside increased 
DNA fragmentation and malondialdehyde (MDA) levels. SP admin-
istration (2.5 mg/kg/day, i.p.) mitigated these effects, improving 
sperm parameters and enhancing antioxidant capacity21. Sabik et al. 
investigated the protective effects of vitamin E and ginger against 
cyclophosphamide (CP)-induced gonadal toxicity in 44 male rats. CP 
was administered at 20 mg/kg body weight for 14 days. Both the 
vitamin E + CP and ginger + CP groups had significantly higher testis 
weights compared to the CP group. The CP group showed the high-
est malondialdehyde (MDA) levels and the lowest testosterone lev-
els. Testosterone levels were significantly higher in the vitamin E + 
CP and ginger + CP groups. Histopathological analysis revealed re-
duced spermatogonial cell death and apoptosis in these groups, 
demonstrating the protective effects of vitamin E and ginger8. 

Exposure to CP during chemotherapy, both before and after pu-
berty, leads to abnormal sperm parameters. Higher CP doses are as-
sociated with an increased risk of infertility. In a study of 17 males, 
azoospermia was found in 58.8%, oligospermia in 29.4%, and nor-
mal sperm count in 11.8%22. High doses of CP can lead to azoo-
spermia and hormonal disturbances. In a study of 31 male patients 
with Behçet's disease, CP treatment was found to increase the risk 
of infertility. These findings highlight the significant damage CP can 
cause to the male reproductive system23. Similar findings have been 
reported in studies involving other populations. These studies col-
lectively emphasize the significant damage CP can cause to the male 
reproductive system24,25. Rocha et al.  reported a 60% reduction in 
edema and inflammation in rats treated with 25 mg/kg RA26. Roland 
et al. demonstrated that RA provided protection against skin can-
cer27. Boonyarikpunchai et al. showed that RA, when administered 
at doses of 100 and 150 mg/kg, prevented both chronic and acute 
inflammation28. Our study aimed to explore the protective effects of 
RA against CP-induced testicular toxicity. CP is a commonly used al-
kylating agent known for its cancer-fighting and immune-suppress-
ing properties. It is frequently used to treat various cancers, includ-
ing lymphoma, breast cancer, ovarian cancer, and myeloblastoma, 
and to suppress the immune system in conditions such as rheuma-
toid arthritis and myasthenia gravis. Despite its therapeutic effec-
tiveness, CP has been associated with several toxic effects, particu-
larly on rapidly dividing cells, such as those in the gonads. These ef-
fects include nausea, vomiting, hair loss, and more serious repro-
ductive issues, such as gonadal damage, which can ultimately lead 
to infertility. In light of this, our study aimed to determine whether 
RA, a compound known for its diverse biological activities, could 
mitigate the toxic effects of CP on the testes. To assess the protective 
potential of RA, we evaluated several parameters. To begin with, 
body weight changes were evaluated in the RA+CP group in compar-
ison to the CP-only group. No significant difference in body weight 
was observed between pre- and post-experiment measurements 
within the RA+CP group (p>0.05), suggesting that RA may have pre-

vented significant weight loss commonly associated with CP treat-
ment (Fig. 1). Furthermore, to investigate the impact of RA on CP-
induced oxidative damage, we measured malondialdehyde (MDA) 
levels, a biomarker of oxidative stress. The MDA levels were signifi-
cantly lower in the RA+CP group (1.7±0.03 nmol/ml) compared to 
the CP group (2.5±0.9 nmol/ml), with a statistically significant dif-
ference (p<0.05) (Fig. 2). This reduction in MDA levels suggests that 
RA possesses antioxidative properties, potentially contributing to 
its protective role against CP-induced oxidative stress. Additionally, 
immunohistochemical analysis was performed to examine Bax ex-
pression, a pro-apoptotic marker, in the testes. In the RA+CP group, 
Bax expression was found to be absent in both seminiferous tubules 
and intertubular connective tissue (Fig. 4). This result indicates that 
RA treatment effectively inhibited Bax expression, suggesting a pro-
tective effect against CP-induced apoptosis. Finally, Western blot 
analysis was conducted to quantify Bax protein levels and further 
investigate the impact of RA on Bax expression. The results demon-
strated a significant downregulation of Bax expression in the RA+CP 
group compared to the CP-only group (Fig. 5). This downregulation 
of Bax protein supports the hypothesis that RA attenuates CP-
induced apoptosis in testicular tissues. 

Our study demonstrates that rosmarinic acid (RA) provides sig-
nificant protection against cyclophosphamide (CP)-induced gonadal 
toxicity in rats by modulating key apoptotic pathways. CP treatment 
led to a substantial increase in Bax protein expression, indicating an 
enhanced apoptotic response in testicular tissues. Bax, a pro-apop-
totic protein, facilitates the release of cytochrome c from mitochon-
dria, thereby initiating the intrinsic apoptotic pathway29. This up-
regulation of Bax is consistent with CP’s well-established role in in-
ducing oxidative stress and DNA damage, both of which activate 
apoptotic signaling cascades30. In contrast, RA treatment effectively 
counteracted the CP-induced upregulation of Bax, suggesting that 
RA protects against apoptosis by inhibiting Bax expression. This 
protective effect is likely due to RA’s well-documented antioxidant 
and anti-inflammatory properties31. Further supporting this hy-
pothesis, our bioinformatic analysis revealed that RA regulates sev-
eral critical pathways related to the suppression of oxidative stress 
and endoplasmic reticulum (ER) stress—both of which are key con-
tributors to Bax activation and apoptosis. Specifically, RA modulated 
pathways associated with cytochrome c release from mitochondria 
and ER stress, both of which are crucial players in apoptotic signal-
ing. On the other hand, CP-induced toxicity was associated with the 
upregulation of oxidative stress and lipid peroxidation pathways, 
such as "cytochrome P450" and "response to oxidative stress." 
These findings align with the known role of CP in generating reac-
tive oxygen species (ROS) through its metabolism, which leads to 
oxidative damage in gonadal tissues32. The observed increase in Bax 
expression is likely a direct consequence of CP-induced ROS produc-
tion, as oxidative stress is a well-known trigger for the mitochon-
drial apoptotic pathway. Taken together, our findings suggest that 
RA mitigates CP-induced gonadal toxicity by modulating Bax ex-
pression and regulating key apoptotic pathways. By alleviating oxi-
dative stress and maintaining mitochondrial integrity, RA emerges 
as a promising therapeutic strategy for protecting against chemo-
therapy-induced gonadal damage. 

 
 

5. Conclusion 
 

RA effectively mitigates CP- induced gonadal toxicity by modu-
lating key apoptotic pathways, particularly through the inhibition of 
Bax protein expression and the reduction of oxidative stress. RA’s 
antioxidant and anti-inflammatory properties contribute to pre-
venting apoptosis in testicular tissues. These findings position RA as 
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a potential therapeutic agent for protecting against chemotherapy-
induced gonadal damage.  
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1. Introduction

The majority of salivary gland neoplasms originate from the pa-
rotid gland, and neoplasms of the parotid gland account for 3% of 
all head and neck neoplasms1-3. Pleomorphic adenomas, also known 
as benign mixed tumors, are the predominant histologic subtype, ac-
counting for 85% of all salivary gland neoplasms2. The great major-
ity (85%) of parotid gland neoplasms arise from the superficial 
lobe3.   

Surgical techniques are the primary method for treating salivary 
gland tumors. The range of surgical options for parotid gland tu-
mors includes enucleation, partial superficial parotidectomy (PSP), 
superficial parotidectomy (SP), total parotidectomy, or radical pa-
rotidectomy4-6. The choice of surgical approach is determined by 
factors such as the size of the tumor, histological results, the extent 
of the tumor, the stage (if it is malignant), and the location of the 
tumor (e.g., whether it is in the superficial or deep lobe, or in the 
parotid tail).   

The treatment objectives include the complete and en bloc exci-
sion of the lesion with clearly defined margins, the preservation of 
facial nerve functionality, and the maintenance of the natural facial 
appearance, especially in the case of benign lesions. Since 
traditional enucleation results in increased recurrence rates, SP was 
regarded as the acceptable least comprehensive surgery for 
treatment of parotid gland tumors for decades. 

Enucleation is not commonly used as a surgical approach for 
treating these tumors due to the elevated risks of capsule rupture 
and inadequate therapy, which are associated with a high likelihood 
of tumor recurrence. The risks of tumor recurrence range from 20% 
to 45%2,7. Nevertheless, the utilization of the conventional pa-
rotidectomy procedure significantly decreases recurrence rates. 
The conventional procedure for parotidectomy involves a compre-
hensive dissection that begins with the identification of the facial 
nerve, followed by the removal of the tumor together with either the 

Aim: Recently extracapsular dissection (ECD) for the parotid gland neoplasm have gained popularity, but the data 

about functional outcomes and complication rates are still limited and surgical technique is not standard. In this 
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sity of drain requirement. 

Methods: This study was conducted as a retrospective multicenter study and two tertiary academic referral centers 

were involved. Records of the subjects who underwent extracapsular dissection between January 2015 and January 

2017 were reviewed. Demographic data, size and location of tumors, results of fine needle aspiration cytology, 

intraoperative adverse events such as capsule rupture or facial nerve damage, postoperative complications, results 

of definitive pathology, and hospitalization time of the subjects were reviewed. 

Results: A total of 37 subjects were included in the study. There were no subjects with permanent or transient 

facial nerve dysfunction in either group. No patient complained of symptoms of Frey syndrome. Seroma developed 

in two of 37 patients. No recurrence has been encountered during the follow up period (min: 36 and max: 72 

months). 

Conclusions: ECD is a safe technique with very low complications rates according to our results. Even without 

facial nerve monitoring, ECD could be performed without any damage to the nerve, if surgeon is experienced. 

Preoperative evaluation is important and patients with small, mobile and solitary benign parotid lesions are good 

candidates for ECD. 

Keywords: Neoplasm; parotid surgery; minimally invasive surgery; extracapsular dissection 

Original Article Cukurova Anestezi ve Cerrahi Bilimler Dergisi

Corresponding Author: Cağlar Eker, drcaglareker@gmail.com, Received: 24.12.2024, Accepted: 17.03.2025, Available Online Date: 17.03.2025 Cite this article as: Eker C,

Surmelioglu O, Dagkiran M, et al. Minimally Invasive Approach for the Parotid Gland Neoplasm: A Multicenter Retrospective Analysis. J Cukurova Anesth Surg. 2025;8(1):81-84. 

https://doi.org/10.36516/jocass.1606284 Copyright © 2025 This is an open access article distributed under the terms of the Creative Commons Attribution-Non-Commercial-

No Derivatives License 4.0 (CC-BY-NC-ND), where it is permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used 

commercially without permission from the journal. 

81

https://orcid.org/0000-0003-4433-0194
https://orcid.org/0000-0001-5041-2802
https://orcid.org/0000-0002-1923-3731
https://orcid.org/0000-0002-0689-6632
https://orcid.org/0000-0002-6146-9609
https://orcid.org/0000-0001-5906-4488
https://orcid.org/0000-0003-4076-1798


Eker et al.   Volume 8 Issue 1 2025 https://dergipark.org.tr/en/pub/jocass   

 

superficial or deep lobe of the parotid gland8,9. The risk of facial 
nerve injury is significantly higher in this surgical treatment10. In or-
der to mitigate these hazards, certain surgical methods have been 
implemented, such as PSP or extracapsular dissection (ECD)11,12. 
ECD needs fewer incisions and attempt to protect the parotid paren-
chyma and minimize the need for facial nerve dissection, thus re-
ducing the risk of facial nerve paralysis, injuries, and other prob-
lems13,14. The use of limited surgery leads to improved cosmetic out-
comes. 

Currently, there is a growing interest in ECD procedures. How-
ever, there is a lack of comprehensive data regarding the functional 
outcomes and rates of complications. Additionally, there is no uni-
versally accepted standard surgical approach for ECD. This multi-
center study aims to assess the safety, complications, efficacy, and 
functional outcomes of ECD and determine the necessity of drain re-
quirement.  

 
 

2. Materials and Methods 
 
This investigation was carried out as a retrospective multicenter 

study, involving two tertiary academic referral centers. The study 
received approval from the local ethics committee (No: 2015/043). 
The records of individuals who had ECD from January 2015 to Jan-
uary 2017 were examined. The surgical procedures were conducted 
by two proficient surgeons, specifically the first and last authors. 
Prior to surgical operations, all participants had evaluation using ul-
trasonography or magnetic resonance imaging, as well as fine nee-
dle aspiration cytology (FNAC). Participants with malignant neo-
plasms, suspected malignancy, deep lobe tumors, and revision pro-
cedures were not included in the study. The study examined many 
factors including demographic information, tumor characteristics 
such as size and location, results of FNAC, any challenges encoun-
tered during surgery such as capsule rupture or facial nerve injury, 
postoperative complications, results of definitive pathology, and 
length of hospital stay for the individuals.  

Subjects in group I were operated on by the first author, while 
subjects in group II were operated on by the last author.  
2.1. Surgical Technique 

All of the procedures were performed general anesthesia. Nerve 
monitoring was used in group I and not used in group II. In group I, 
parotidectomy incision, Lazy S, was used but in subjects whose 
masses are located in parotid tail, a modified smaller incision was 
used. Skin incision of the pre-auricular region was avoided in these 
subjects. Quite small incisions were made in all subjects according 
to tumor location in group II. The skin flap is elevated in a plane im-
mediately over the parotid fascia to expose the periphery of the tu-
mor by a minimum of 1 cm in both groups shown in Figure 1. After 
the skin flap has been raised, the mobility and margins of the tumor 
is controlled, attention was paid to maintain the integrity of the tu-
mor capsule by performing a wide dissection of the parenchyma 
surrounding the mass without identification of the facial nerve or 
branches nerve shown in Figure 2. Approximately two to three mil-
limeters normal tissue cuff left around mass. Blunt dissection was 
performed parallel to the nerve. If a facial nerve branch was con-
curred, the branch was closely tracing during the dissection. If the 
lesion had intraoperative features such as infiltration into sur-
rounding structures, a frozen section was performed. In case of ma-
lignancy in the frozen section pathology report, classical superficial 
parotidectomy or total parotidectomy was performed to obtain 
clean oncological margins. Latex penrose drains were used in group 
I and were not used in group II.  

 
 

2.2. Statistical Analysis 

T-test or Mann Whitney U test were used for continuous varia-
bles and Chi-square test was used for categorical variables between 
independent groups. Data expressed as means±SDs for continuous 
variables and as number (n) and percent (%) for categorical varia-
bles. The analyses were performed using the statistical package 
SPSS v22.0. 

 
 

 
Small skin incision and minimally skin flap elevation 

 

 
 
 

 
Performing a wide dissection of the parenchyma surrounding the 

mass without identification of the facial nerve and its branches 

 

 
 

Figure 1 

Figure 2 
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3. Results 
 
A total of 37 (26 female, 11 male) subjects were included in the 

study. There were 17 patients (8 male/9 female) in group I and 20 
patients (3 male/17 female) in group II. The mean ages were 45.5 
(SD 13.8 years) and 53.3 (SD 13.1 years) in groups I and II, respec-
tively. Demographic characteristics of the study population are de-
scribed in Table 1. Results of preoperative FNAC of all subjects were 
either benign or non-diagnostic (Table 2). In all subjects, the early 
postoperative period was uneventful without any local 
complication (edema and/or surgical site bleeding, facial paralysis) 
or systemic complications (fever, etc.). There were no subjects with 
permanent or transient facial nerve dysfunction in either group. No 
patient complained of symptoms of Frey syndrome. Seroma 
developed in two of 37 patients (One patients in group I and another 
in group II) and there was not any statistical different between 
group I and II (p>0,9). Seroma was recovered after aspiration and 
pressure dressing in two days in both subjects. Mean largest tumor 
diameter was found 2,1-/+0,7 in group I and 1,8-/+0,2 in group II. 
No recurrence has been encountered during the follow up period 
(min: 36 and max: 72 months). 
 

 

 
Demographic features of patients. 

 

  Group I Group II Total 

Gender 
M 

F 

8 

9 

3 

17 

11 

26 

Age (Min-Max) 45.5(19-64) 53.3(18-73) 49.4(18-73) 

Tumor 

localization 

R 

L 

11 

6 

11 

9 

22 

15 

 

 

 
Preoperative FNAC results 

 

FNAC Results Group I (%) Group II (%) Total (%) 

Benign lesion 3(17) 1(5) 4(10.8) 

Atypic cells 5(29.4) 0 5(13.5) 

Pleomorphic 

adenoma 
7(41.2) 4(20) 11(29.7) 

Basaloid neoplasm 1(5.9) 4(20) 5(13.5) 

Lymphoid cells 1(5.9) 3(15) 4(10.8) 

Warthin tumor 0 5(25) 5(13.5) 

Mesenchymal 

tumor 
0 1(5) 1(2.7) 

Chronic 

sialadenitis 
0 1(5) 1(2.7) 

Lipomatosis  0 1(5) 1(2.7) 
FNAC: Fine needle aspiration cytology 

 

 

4. Discussion 

 
Ensuring a wide tumor free margin, even if benign tumors, has 

paramount importance to prevent recurrences in benign neoplasms 
of the parotid gland. In case of recurrence, there is a risk of malig-
nant transformation, especially in pleomorphic adenoma. Aside 
from achieving tumor-free margins, the identification of the facial 
nerve and its branches is also a crucial concern. Superficial pa-
rotidectomy, facial nerve branches are dissected and entire superfi-
cial lobe is resected has been the standard of surgery for a long time. 
Although the rates of tumor recurrence have reduced with SP, there 

are significant risks associated with completely dissecting the facial 
nerve. Additionally, removing normal parotid tissue might result in 
cosmetic abnormalities and other problems, such as salivary fistula 
or Frey syndrome14,15.  

Conservative surgical techniques have been increasingly popu-
lar for treating benign parotid neoplasms. This is because they help 
reduce complications and enhance functional results, in besides 
achieving good oncological outcomes. The most often employed 
conservative procedures for parotid surgery are PSP and ECD4,13,15. 
ECD is distinct from conservative parotid procedures. During this 
procedure, the facial nerve is not identified and the parotid mass is 
meticulously dissected and excised with surgical margins of 2-3 
mm12,14.  

Recent studies indicate that the extracapsular dissection ap-
proach can reduce problems without increasing the recurrence 
rate13-15. In a study, the authors found that there was no significant 
disparity in recurrence rates (2%) between ECD and SP15. This anal-
ysis included 503 patients who underwent ECD and 159 patients 
who underwent SP. A comparative study was conducted to assess 
the surgical results and cost-effectiveness of ECD vs SP16. This study 
covered a total of 46 surgeries, which consisted of both ECD and SP 
procedures. According to their report, ECD is a successful, cost-ef-
fective, and safe technique for treating benign parotid lesions. A 
study provided highly promising initial findings about the efficacy 
of ECD as the exclusive treatment for specifically chosen patients 
with small-sized malignant tumors that are low-stage, low-grade, 
and placed inferiorly17. 

Our study has found that ECD is a safe approach, even without 
facial nerve monitoring, when performed by an experienced sur-
geon. We did not detect any early local surgical complications such 
as edema, surgical site hemorrhage, or facial paralysis, nor did we 
observe any systemic symptoms like fever. No nerve dysfunction or 
Frey syndrome was observed in any group. Another surgical option 
for benign parotid neoplasms is PSP. A recent systematic review and 
meta-analysis has been conducted to compare the effectiveness of 
ECD and PSP for treating benign lesions of the parotid glands18. The 
analyzed outcomes pertain to the complications. This meta-analysis 
comprised seven trials, encompassing a total of 1641 patients. The 
incidence of temporary facial nerve damage and Frey syndrome was 
lower in the ECD group. There was no significant difference between 
the two groups in terms of the rates of persistent facial nerve injury, 
recurrence, infection, and salivary fistula/sialocele. Based on this 
study, it was seen that ECD had a lower likelihood of problems. How-
ever, the current findings do not provide enough evidence to defin-
itively state that ECD is more successful than PSP. 

Our study demonstrates that meticulous dissection and surgical 
expertise are crucial factors for achieving a successful ECD. Facial 
nerve monitoring is beneficial for avoiding legal concerns, although 
doing ECD without nerve monitoring can still be done without caus-
ing injury to the facial nerve. Another distinction between the two 
doctors and hospitals was the utilization of drains. Based on our 
findings, if a meticulous dissection is conducted with a small incision 
in specific individuals, the use of a drain would be unnecessary. 
Postoperative scar and quality of life may be improved by closure 
without drainage.   

One primary constraint of our investigation is the limited size of 
the study population. Despite the small study population, our find-
ings about the preservation of facial nerve function and the absence 
of complications after ECD without nerve monitoring and drainage 
usage are significant contributions to the improvement of the ECD 
technique. Another constraint would be the presence of selection 
bias among the subjects. Nevertheless, it is important to note that 
ECD should only be conducted on a certain subset of individuals 
with parotid tumors, and we strongly recommend meticulous pa-

Table 1 

Table 2 
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tient selection to maximize outcomes. 
 
 

5. Conclusion 
 

To summarize, our results indicate that ECD is a safe method 
with minimal rates of problems. Even in the absence of facial nerve 
monitoring, a competent surgeon can conduct ECD without causing 
any harm to the nerve. If a precise and careful dissection can be per-
formed using a small incision, drainage is not required. Preoperative 
assessment is crucial, and individuals with small, mobile, and soli-
tary benign parotid lesions are suitable candidates for ECD. 
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1. Introduction 

 
Thyroid diseases are common in our country, as they are world-

wide. Ultrasound (US) detects nodules in 10-67% of the adult pop-
ulation, and in autopsy series, nodules are found in more than 50% 
of thyroid glands. The detection of malignancy in 9.2% to 14.8% of 
these nodules during cytological diagnosis emphasizes the im-
portance of distinguishing between malignant and benign nodules 1. 
However, since cytological examination may not always yield suffi-
cient results, uncertainties can arise in the management of thyroid 
nodules. Thyroid nodules must be defined radiologically, clinically 
and most importantly cytologically for treatment planning. The av-
erage sensitivity of fine needle aspiration biopsy (FNAB) for detect-
ing thyroid cancers has been found to be 83%, specificity 92%, and 
diagnostic accuracy 95% 2,3. Bethesda System for Reporting Thyroid 
Cytopathology was introduced by the National Cancer Institute in 

2009 in order to standardize the results of cytological sampling ob-
tained through FNAB 4. This reporting system, most recently up-
dated in 2023 5, still defines “Follicular Neoplasm (FN)” in category 
IV as a gray area (Figure-1). Problems encountered during the diag-
nostic process of patients in this category continue to pose signifi-
cant challenges in treatment planning. Between 22-42% of patients 
undergoing FNAB receive a Bethesda category IV “Follicular Neo-
plasm” diagnosis 6. The malignancy rate for Bethesda category IV 
ranges from 10-40% 4. This category is among the most controver-
sial groups within the system because it is not possible to differen-
tiate between benign and malignant diseases cytologically in FN di-
agnosis. Cytological examination with FNAB is significantly success-
ful in distinguishing between papillary thyroid carcinoma (PTC) and 
benign diseases. However, it is difficult to differentiate between  

 
Aim: 22-42% of patients with thyroid nodules are diagnosed as Bethesda category IV “Follicular Neoplasia (FN)”. 

Although hemithyroidectomy (HT) is the recommended treatment for follicular neoplasia, some characteristics of 

the patient or the disease make total thyroidectomy (TT) the treatment of choice. The aim of this study is to 

evaluate our clinical results in patients with FN who underwent surgery and determine predictive risk factors in 

patients with malignant pathology results. 

Methods: 364 patients were included in the study. Fine needle aspiration biopsy (FNAB) with a FN result was 

defined as a “target nodule”. Demographic, radiological and clinical characteristics of the two groups were deter-

mined. Two different types of surgical procedures were applied to the patients: HT or TT. 

Results: The number of patients was 199 (54.7%) in Group 1 and 165 (45.3%) in Group 2. Malignancy was inci-

dentally detected in 138 patients (37.9%) outside the target nodule. The risk of malignancy was higher in those 

under 45 compared to those aged 45 and older. Malignancy was observed in 123 (42.7%) of female patients and 

42 (55.3%) of male patients. Additionally, the risk of malignancy increased in patients with nodules measuring 2 

cm or larger. 

Conclusions: In FN cases, the risk of malignancy increases in males, in nodules 2 cm and above, and in younger 

age groups. According to our data, the risk of malignancy in FN is 45.3%. Additionally, the rate of incidental 

thyroid cancer is 37.9%. We attribute the higher rates of these findings compared to literature to the increased 

frequency of thyroid cancer in our region. 

Keywords: Follicular Neoplasia; nodule size; thyroid nodules 

Original Article                     Cukurova Anestezi ve Cerrahi Bilimler Dergisi 

Corresponding Author: Ilker Murat Arer, igy1981@yahoo.com, Received: 01.01.2025, Accepted: 17.03.2025, Available Online Date: 17.03.2025 Cite this article as: Özarslan F, 

Aytaç HÖ, Arer IM, et al. Predictive Factors Increasing the Risk of Malignancy in Thyroid Follicular Neoplasia. J Cukurova Anesth Surg. 2025;8(1):85-95. 

https://doi.org/10.36516/jocass.1606284 Copyright © 2025 This is an open access article distributed under the terms of the Creative Commons Attribution-Non-Commercial-

No Derivatives License 4.0 (CC-BY-NC-ND), where it is permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used 

commercially without permission from the journal.  

 
 

85

https://orcid.org/0000-0002-1849-9554
https://orcid.org/0000-0002-3583-9282
https://orcid.org/0000-0001-9880-3570
https://orcid.org/0000-0001-7357-8709
https://orcid.org/0000-0002-5943-9283
https://orcid.org/0000-0002-3592-5092
https://orcid.org/0000-0002-1161-3369


Özarslan et al.   Volume 8 Issue 1 2025 https://dergipark.org.tr/en/pub/jocass

follicular thyroid carcinoma (FTC) (Figure-3), follicular variant 
papillary thyroid carcinoma (fvPTC) (Figure-4), benign follicular 
adenoma (Figure-2), and diseases such as hyperplastic nodular 
goiter in cases of follicular lesions classified as FN 7-9. 

Currently, while the recommended treatment method for 
patients diagnosed with FN is hemithyroidectomy (HT), the charac-
teristics of the patient and the disease affect treatment manage-
ment, and total thyroidectomy (TT) may be applied in selected 
cases. Reasons for performing TT include multinodular goiter, dis-
crepancies between FNAB results and radiological and clinical find-
ings, a family history that increases the risk of thyroid cancer, expo-
sure to radiation in the head and neck area, the patient's preference 
to avoid a second surgical procedure in cases requiring completion 
thyroidectomy, and particularly in our country, the common occur-
rence of hypothyroidism (due to thyroiditis) in women, leading to 
them receiving levothyroxine treatment. There are ongoing discus-
sions in the literature regarding the treatment methods applied in 
most series. The aim of this study is to evaluate the clinical outcomes 
in patients diagnosed with FN as a result of FNAB and undergoing 
surgery, as well as to investigate the impact of predictive factors we 
determine on the choice of surgical type concerning malignancy. 

 

Follicular Neoplasia: Microfollicles composed of thyrocytes 

exhibiting nuclear atypia on a colloid-poor background (MGG X100). 

 

Follicular Adenoma: A lesion characterized by small follicles that are 

generally poor in colloid, surrounded by a thick fibrous capsule, ex-

hibiting signs of pressure against the surrounding thyroid tissue (HE 

X40).

 

Follicular Carcinoma: A minimally invasive carcinoma character-

ized by microfollicular structures that exhibit complete capsule in-

vasion and are poor in colloid (HE X100). 

 

Follicular Variant Papillary Carcinoma: Follicular structures com-

posed of thyroid cells exhibiting features of papillary carcinoma, 

characterized by nuclear enlargement, clearing, irregular nuclear 

membranes, peripheral placement of small single nucleoli, grooves, 

and intranuclear pseudoinclusions. The lesion is encapsulated and 

presents an infiltrative pattern, with no true papillary architecture 

observed (HE X400). 

2. Materials and Methods

 The data for our study were retrospectively obtained from the 
files of 364 patients who underwent surgery due to a diagnosis of 
follicular neoplasia (FN) at Başkent University School of Medicine 
Adana Dr. Turgut Noyan Application and Research Center between 
January 2016 and July 2021. Our study received approval from the 
Ethics Committee of Başkent University School of Medicine with the 
number KA 22/125. Patients who presented during the specified 
period and were found to have thyroid nodules through physical ex-
amination, laboratory, and radiological investigations, and for 
whom fine-needle aspiration biopsy (FNAB) was indicated, were in-
cluded in the study. During this process, data were collected from 
patients with FN detected by FNAB who subsequently underwent 
surgical intervention. Data collected included age, gender, medical 
history (family history, radiation exposure to the head and neck, 

Figure 1 

Figure 2 

Figure 3 

Figure 4 
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etc.), medications, comorbidities, previous thyroid surgeries, 
known thyroid diseases, presenting complaints, physical examina-
tion findings, ultrasound characteristics (echogenicity, calcification, 
vascularity, internal nodule structure, nodule borders, vertical and 
horizontal size ratios, halo, nodule size), pathology results (type of 
cancer in the target nodule), incidental cancer rates and types and 
rates of complementary thyroidectomy. Predictive risk factors for 
malignancy in follicular neoplasia were determined through a liter-
ature review. Nodules with FN diagnosed via FNAB were defined as 
the "target nodule." Patients were divided into two groups based on 
whether the target nodule was malignant or benign. Those with be-
nign target nodules were classified as Group 1, while those with ma-
lignant target nodules were classified as Group 2. A comparative 
analysis was conducted between the two groups regarding demo-
graphic, radiological and clinical parameters. Additionally, both 
Group 1 and Group 2 were further subdivided into three subgroups 
based on nodule size. Nodules measuring 2 cm or less were classi-
fied as A (1A, 2A), those between 2-4 cm as B (1B, 2B), and those 4 
cm or larger as C (1C, 2C). The malignancy risk based on nodule size 
was compared both between the two groups and within their re-
spective subgroups. The types and subtypes of thyroid cancers in 
patients with malignant target nodules and incidental malignancies 
(nodules outside the target) were identified. Patients underwent ei-
ther hemithyroidectomy (HT) or total thyroidectomy (TT). Those 
who underwent HT and were classified as high-risk for malignancy 
based on pathology results underwent complementary thyroidec-
tomy. 
2.1 Statistical Method 

Statistical analyses were performed using SPSS version 25.0. 
The normal distribution of variables was assessed using the 
Shapiro-Wilk test. Descriptive analyses presented mean ± standard 

deviation and median (min-max) values. The Mann-Whitney U test 
was used for evaluating non-normally distributed variables be-
tween the two groups. Categorical variables were expressed in 
terms of frequency and percentage. The relationships between cat-
egorical variables were examined using the Chi-Square Test. Differ-
ences between groups were determined using Dunn’s Bonferroni 
Test. Univariate logistic regression analysis was conducted to iden-
tify factors influencing the risk of malignancy. Independent varia-
bles with p-values of 0.25 or below were included in the model. A p-
value of less than 0.05 was considered statistically significant. 

 
 

3. Results 
 
A total of 364 patients were included in the study. Group 1 con-

sisted of 199 patients (54.7%), while Group 2 included 165 patients 
(45.3%). Of the patients, 288 (79.12%) were female and 76 
(20.88%) were male. The average age was 46.77 ± 13.43 years, 
ranging from 14 to 81 years. There were 160 patients (43.96%) un-
der 45 years old and 204 patients (56.04%) aged 45 and older. In 
Group 1, 62.30% of the patients were 45 years and older, while in 
Group 2, 37.70% were in the same age group. Univariate logistic 
regression analysis to determine factors influencing the risk of 
malignancy showed that age (under 45 and 45 and older) 
significantly affects the risk of malignancy. The risk of malignancy 
was higher for those under 45 years compared to those 45 and older 
(p > 0.001). Variables with a significance level of p ≤ 0.25 would be 
included in the multivariate logistic regression model; however, 
only one independent variable, age, met this criterion. Among 
female patients, 123 (42.7%) were diagnosed with malignancy, 
while 42 male patients (55.3%) were diagnosed as well. 

 

 

 
Demographic data of the patients 

 

 

Benign (n=199) 

(Group 1) 

Malignant (n=165) 

(Group 2) p 

n % n % 

Complaint 

Neck swelling 22 (11.06) 28 (16.97) 

0.248 

Incidental 23 (11.56) 24 (14.55) 

Goiter follow-up 43 (21.61) 40 (24.24) 

Hypothyroidism 5 (2.51) 4 (2.42) 

Hyperthyroidism 7 (3.52) 2 (1.21) 

Compression sign 10 (5.03) 10 (6.06) 

Extrathyroidal endocrine disease 29 (14.57) 16 (9.70) 

Nodule detected on PET/BT scan 3 (1.51) 5 (3.03) 

Signs of thyroiditis 1 (.50) 3 (1.82) 

Pain in neck 9 (4.52) 2 (1.21) 

Concomitant thyroid 

disease 

Hyperthyroidism 37 (18.59) 23 (13.94) 

0.623 

Hypothyroidism 12 (6.03) 12 (7.27) 

Thyroid nodule 57 (28.64) 47 (28.48) 

Thyroid cancer operation 1 (0.50) 0 (0.00) 

Thyroidectomy (Benign pathology) 6 (3.02) 2 (1.21) 

Family history of thyroid 

cancer 

Yes 8 (4.02) 9 (5.45) 
0.518 

No 191 (95.98) 156 (94.55) 

Levothyroxin use 
Yes 19 (9,55) 14 (8,48) 

0.725 
No 180 (90,45) 151 (91,52) 

Sex 
Female 165 (82,91) 123 (74,55) 

0.051 
Male 34 (17,09) 42 (25,45) 
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Although the malignancy rate was higher in male patients, there 
was no statistically significant difference between genders 
regarding malignancy rates (p = 0.051). The average age of patients 
in Group 2 was 44.26 ± 14.02 years, while the average age in Group 
1 was 48.81 ± 12.59 years. There was a statistically significant 
difference in the ages of patients between both groups, with Group 
1 having a higher average age (p = 0.001). 

Reasons for hospital admission included palpable neck swelling 
in 50 patients (13.74%), incidental detection of thyroid nodules in 
47 patients (12.91%), known follow-up of multinodular goiter in 83 
patients (22.80%), follow-up due to hypothyroidism in 9 patients 
(2.47%), follow-up due to hyperthyroidism in 9 patients (2.47%), 
compressive symptoms in 20 patients (5.49%), diagnosis at another 
center in 64 patients (17.58%), follow-up due to non-thyroidal en-
docrine disorders in 45 patients (12.36%) and thyroid nodules de-
tected on PET/CT in 8 patients (2.20%). One patient (0.27%) was 
under follow-up due to recurrence after thyroidectomy (malig-
nancy). Thirteen patients (3.57%) were under follow-up due to be-
nign thyroidectomy, 4 patients (1.10%) presented with thyroiditis 
symptoms, and 11 patients (3.02%) presented with complaints of 
pain in the neck and throat. 

Both Group 1 (21.61%) and Group 2 (24.24%) had the most 
common reason for admission as the detection of FN from biopsies 
performed on patients under follow-up for multinodular goiter. 
When comparing presenting complaints between the two groups, 
no statistically significant difference was found (p > 0.05). In terms 
of medical history, 60 patients (16.48%) had hyperthyroidism (37 
in Group 1 and 23 in Group 2), and 33 patients (9%) had hypothy-
roidism (19 in Group 1 and 14 in Group 2). There was no statistically 
significant difference regarding functional disorders between the 
groups (p > 0.05). A family history of thyroid cancer was present in 
17 patients (4.67%) (8 in Group 1 and 9 in Group 2), and one patient 
had previously been operated on for papillary thyroid cancer. No 
statistically significant difference was observed between the groups 
regarding family history (p > 0.05) (Table-1). 

Preoperative ultrasound (USG) examination evaluated features 

for malignancy in nodules: microcalcifications were present in 
31.32%, solid components in 99.45%, irregular borders in 6.89%, 
absence of halo in 66.21%, hypoechogenicity in 75.6%, anteropos-
terior to transverse diameter ratio greater than 1 in 40.3%, and vas-
cularity in 51.3% of patients. When comparing all USG parameters 
between Groups 1 and 2, no statistically significant differences were 
found (Table-2). 

63.32% of patients in Group 1 and 55.76% in Group 2 were 
found to have bilateral thyroid nodules in the USG examination. In 
terms of cystic characteristics of nodules, significant differences 
were observed among benign groups and malignant groups with 
nodule sizes smaller than 20 mm, between 20 mm and 40 mm, and 
larger than 40 mm (p = 0.032). Among those with malignant nodules 
larger than 40 mm, 50% had cystic features, while 19.32% in the 20-
40 mm group and 31.31% in the benign group had cystic features. 
Cases in Group 2 were subdivided according to nodule size in order 
to evaluate the relationship between malignancy risk and size. 
Those with nodules measuring 2 cm or less were classified as 2A, 
those between 2-4 cm as 2B, and those 4 cm or larger as 2C. There 
were 89 patients in Group 2A, 66 in Group 2B, and 10 in Group 2C. 

The average nodule size across all groups was 20.71 ± 10.08 mm. 
The average nodule size in Group 1 was 20.86 ± 9.31 mm, while in 
Group 2 it was 20.53 ± 10.97 mm. 

When comparing nodule sizes between groups, no statistically 
significant difference was observed (p > 0.05). The average nodule 
size in Group 2A was found to be 12.66 ± 3.54 mm. The nodule size 
in Group 1 was larger than that in Group 2A, and the results were 
statistically significant (p < 0.001) (Table-3). There was no statisti-
cally significant difference in average age between Groups 1 and 2A. 
The average nodule size in Group 2B was 27.53 ± 5.87 mm, which 
was significantly larger compared to Group 1 (p < 0.001). The aver-
age age of patients in Group 2B was 43.49 ± 14.77 years, and they 
were significantly younger than those in Group 1 (p = 0.040) 
(Table-3). The average nodule size in Group 2C was found to be 
47.90 ± 8.02 mm, which was also statistically significantly larger 
than that in Group 1 (p < 0.001) (Table-3).  

 

 

 

Malignancy risk of the nodule with follicular neoplasia cytology according to ultrasound findings 

 

 

 

 

 
Benign (n=199) 

(Group 1) 

Malignant (n=165) 

(Group 2) 
p 

  n % n %  

Echogenity 

Hypoechoic 149 (75.25) 126 (76.36) 

0.425 
Hyperechoic 4 (2.02) 1 (0.61) 

Isoechoic 36 (18.18) 26 (15.76) 

Heterogenous 9 (4.55) 12 (7.27) 

Microcalcification 
Yes 60 (30.15) 54 (32.73) 

0.598 
No 139 (69.85) 111 (67.27) 

Solid component 
Yes 197 (99.49) 163 (99.39) 

0.999 
No 1 (0.51) 1 (0.61) 

Cystic 
Yes 62 (31.31) 47 (28.68) 

0.584 
No 136 (68.69) 117 (71.34) 

Mixed 
Yes 59 (29.80) 48 (29.27) 

0.912 
No 139 (70.20) 116 (70.73) 

Border 
Regular 181 (91.41) 157 (95.15) 

0.161 
Irregular 17 (8.59) 8 (4.85) 

Vascularity 
Decreased 96 (48.48) 80 (48.48) 

0.999 
Increased 102 (51.52) 85 (51.52) 

Halo 
Yes 68 (34.17) 55 (33.33) 

0.866 
No 131 (65.83) 110 (66.67) 

Table 2 
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Comparison of nodule size and age in Group 1 and 2A, 2B, 3C 

 

 
Benign (Group 1) Malignant <20 mm (Group 2A) 

p 
Mean  sd Median (min-max) Mean  sd Median (min-max) 

Group 1 vs 2A 
Age 48.8112.59 49(20-80) 45.1612.70 45(16-78) 0.202 

Nodule size 20.689.18 20(5-55) 12.663.54 12(6-19) <0.001 

  
Benign (Group 1) 20 mm≤ Malignant <40 mm (Group 2B) 

 
Mean  sd Median (min-max) Mean  sd Median (min-max) 

Group 1 vs 2B 
Age 48.8112.59 49(20-80) 43.4917.77 43(14-81) 0.040 

Nodule size 20.689.18 20(5-55) 27.535.87 27(20-40) <0.001 

  
Benign (Group 1) Malignant ≥40 mm (Group 2C) 

 
Mean  sd Median (min-max) Mean  sd Median (min-max) 

Group 1 vs 2C 
Age 48.8112.59 49(20-80) 41.6919.10 31(23-76) 0.191 

Nodule size 20.689.18 20(5-55) 47.908.02 45(42-70) <0.001 

 

 

 

Incidental thyroid cancer exccept target thyroid nodule 

 

 Benign 

(Group 1) 

Malignant <20 mm 

(Group 2A) 

Malignant 20-40 mm 

(Group 2B) 

Malignant >40 mm 

(Group 2C) 

n % n % n % n % 

Micropapillary carcinoma 60 88.24 36 90.00 21 75.00 2 100.00 

PTC/Follicular variant 6 8.82 3 7.5 4 14.29 - - 

PTC/Classical variant - - 1 2.50 1 3.57 - - 

PTC/Tall cell variant 1 1.47 - - 1 3.57 - - 

PTC/Oncocytic variant - - - - 1 3.57 - - 

Hurthlecell carcinoma 1 1.47 - - - - - - 

* PTC: Papillary thyroid cancer. 
 
 

 
 

 

The relationship between nodule size and patient age and 

malignancy 

 

 
When benign (Group 1) and malignant cases in each of the three 

subgroups (Group 2A, 2B, 2C) were evaluated together according to 
age distribution, it was determined that the increase in nodule size 
and younger patient age increased the likelihood of malignancy (p < 
0.001) (Graph-1).  

Given that patient age could be another predictor of the malig-
nancy potential of nodules diagnosed with FN, cases were evaluated 
in four age groups. Among 16 patients ages between 18-25 years, 11 
(68.75%) had malignancies, while 5 (31.25%) had benign diagno-
ses. Among 108 patients ages between 25-40 years, 55 (50.93%) 
had malignancies and 53 (49.07%) had benign diagnoses. Among 
168 patients ages between 41-60 years, 70 (41.67%) had malignan-

cies and 98 (58.33%) had benign diagnoses. Among 72 patients over 
61 years old, 29 (40.28%) had malignancies and 43 (59.72%) had 
benign diagnoses. The malignancy rate was found to be higher in 
younger age groups (Graph-2). In the 25-40 age group, the number 
of malignant pathologies exceeded that of benign, but this trend re-
versed in the 41-60 age group, suggesting that predictions regard-
ing malignancy and age will differ between these two groups. A re-
peated chi-square analysis suggested that 160 cases were under 45 
years of age, while 204 were 45 years and older.  

 

 
 

Distribution of pathology results by age groups 

 

Table 3 

Table 4 

Graph 1 
4 

Graph 2 
4 
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Distribution of pathology results according to age 45 

 
 
Among those under 45, 88 (55%) were diagnosed with 

malignancy, and 72 (45%) were diagnosed with benign pathology. 
Among those over 45 yaers, 77 (27.7%) were diagnosed with 
malignancy and 127 (62.3%) were diagnosed with benign 
pathology. The likelihood of FN cytology nodules being malignant 
was found to be statistically significantly higher in cases under 45 
years (p < 0.001). In the group under 45 years of age, 88 (55%) cases 
were diagnosed with malignant pathology, and 72 (45%) cases were 
diagnosed with benign pathology. In the group over 45 years of age, 
77 (27.7%) cases were diagnosed with malignant pathology, and 
127 (62.3%) cases were diagnosed with benign pathology. The 
likelihood of malignancy in FN cytology cases was found to be 
statistically significantly higher in the group under 45 years of age 
(p<0.001) (Graph-3). 

Upon examining the pathological evaluations of patients, the 
most frequently seen histological subtype in Group 2A, where the 
target nodule was malignant, was micro-papillary thyroid cancer (n 
= 44, 49.44%). The most commonly seen subtype in Group 2B was 
follicular variant papillary thyroid cancer (n = 34, 51.52%), and sim-
ilarly, in Group 2C, the most frequently seen subtype was also follic-
ular variant papillary thyroid cancer (n = 7, 70%). Among all malig-
nant cases (165 patients), the most frequently observed histological 
subtypes were micro-papillary thyroid cancer in 48 (29%) patients 
and follicular variant papillary thyroid cancer in 57 (34.5%) pa-
tients. Follicular thyroid cancer was observed in 8 (4.8%) patients. 

Incidental thyroid malignancies were observed in 138 patients 
(37.9%) outside of the target nodule. Among these, 119 had micro-
papillary thyroid cancer, 13 had follicular variant papillary thyroid 
cancer, 2 had classic variant papillary thyroid cancer, 2 had tall cell 
variant papillary thyroid cancer, 1 had oncocytic variant papillary 
thyroid cancer, and 1 had Hurthle cell carcinoma. The rate of inci-
dental thyroid cancer was observed to be 34.1% (68 out of 199 pa-
tients) in Group 1 and 42.4% (70 out of 165 patients) in Group 2. In 
both groups, the most frequently observed histological type was mi-
cro-papillary thyroid cancer (88.24% in Group 1 and 84.29% in 
Group 2) (Table-4). In Group 1, 130 patients and in Group 2, 118 
patients underwent bilateral total thyroidectomy, while 69 patients 
in Group 1 and 47 patients in Group 2 underwent unilateral thyroid-
ectomy. There was no statistically significant difference between 
the two groups regarding the surgical technique. In Group 2, 27 pa-
tients (16.36%) underwent complementary thyroidectomy due to 
incidental thyroid malignancy, compared to 3 patients (1.51%) in 

Group 1. This included 13 patients in Group 2A, 13 in Group 2B, and 
1 in Group 2C. 

 
 

4. Discussion 

 
Thyroid nodules are morphological changes that can be distin-

guished from normal thyroid tissue through ultrasound (USG) ex-
aminations. They occupy space within the parenchyma and have dif-
ferent consistencies. Thyroid nodules are more commonly seen in 
endemic regions and are one of the most frequently encountered 
conditions in clinical practice. Approximately 5% of women and 1% 
of men worldwide have palpable nodules. Ultrasound examinations 
reveal thyroid nodules in 10-68% of the population 1, 10, 11, 12, 13.A 
thyroid nodule can be noticed by the patient themselves, but more 
frequently, it is detected during physical examinations or through 
radiological imaging methods (such as neck ultrasound, PET/CT, CT, 
MRI, etc.). Nowadays with the increasing use of imaging methods for 
diagnostic and screening purposes for various reasons, there has 
been a notable rise in the number of thyroid nodules and conse-
quently, thyroid cancers 14,15. Some authors argue that the increase 
in the number of nodules, especially cancer cases, cannot be solely 
explained by the rise in imaging techniques 16, 17. This is because the 
relative increase in cancer cases is observed not only in small-sized 
nodules but also in larger ones. Approximately 5-14% of thyroid 
nodules are malignant 1, 18. Therefore, the medical history, physical 
examination, imaging, and cytological evaluations of patients with 
thyroid nodules should be conducted thoroughly and carefully. Re-
gardless of how the diagnosis is made, as the detection rate of thy-
roid nodules increases, so do the uncertainties regarding the clinical 
approach to these nodules. This situation emphasizes the im-
portance of understanding the malignancy risk associated with nod-
ules detected in the preoperative period. 

For the evaluation of incidentally detected or clinically noticed 
thyroid nodules, total neck ultrasound is the primary imaging 
method. In these ultrasound examinations, patients in the risk 
group undergo Fine Needle Aspiration Biopsy (FNAB) for cytologi-
cal evaluation of the nodule. FNAB is the gold standard method for 
diagnosing nodules with high accuracy through a simple procedure 
19, 20. However, although FNAB can aid in distinguishing malignant 
from benign nodules, uncertain results can create clinical dilemmas, 
and pathologists cannot provide a clear diagnosis for approximately 
30% of thyroid nodules for various reasons 21. 

To standardize pathological interpretations, the Bethesda Re-
porting System, updated by the National Cancer Institute in 2023 5, 
is utilized. The category IV diagnosis of FN within this reporting sys-
tem is still defined as a gray area in clinical studies. In this category, 
distinguishing between benign and malignant disease is not possi-
ble cytologically. Various studies have shown that approximately 
27-52% of lesions diagnosed as FN by FNAB are often malignant 
upon histopathological examination. The most frequently observed 
malignancy is Papillary Thyroid Carcinoma (PTC), followed by Fol-
licular Thyroid Carcinoma (FTC) 22, 23. The majority of such nodules 
(48-73%) are benign, meaning many patients are subjected to un-
necessary diagnostic surgeries. Thyroid surgeries can lead to seri-
ous complications such as thyroid hormone imbalance, hypopara-
thyroidism, recurrent laryngeal nerve injury, bleeding, and infec-
tion, in addition to increasing hospitalization costs24. 

There is no complete consensus on the recommended treatment 
for Bethesda Category IV thyroid nodules, but the most commonly 
applied method, also included in the ATA guidelines 25, is hemithy-
roidectomy (HT). Recently, molecular tests for risk assessment have 
emerged to avoid unnecessary surgical interventions. However, 
these molecular tests are quite expensive and difficult to access. 

Graph 3 
4 
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Given that a significant portion of these nodules is benign after sur-
gery, it is believed that this group of patients faces unnecessary sur-
gical morbidity risks. On the other hand, if the final pathology result 
is malignant, the possibility of complementary thyroidectomy 
arises. The risks of surgical complications associated with second-
ary interventions (such as recurrent laryngeal and superior laryn-
geal nerve injuries, hypoparathyroidism, etc.) increase with comple-
mentary thyroidectomy.  

Additionally, varying rates of thyroid malignancy based on geo-
graphic regions, the presence of Hashimoto's disease accompanying 
Bethesda category IV FN in patients, the existence of concurrent 
multinodular disease, and social factors such as patients' refusal to 
consider a second surgery raise the option of total thyroidectomy 
(TT) in patients classified as high-risk radiologically and clinically, 
despite being in the gray area cytologically. 

This controversial situation and uncertainty highlight the need 
for research into preoperative assessment criteria that could be 
used to determine the overall malignancy risk of these nodules or 
the risk rates specific to clinics (such as geographic differences and 
hospitals located in regions with high cancer prevalence) and em-
phasize the necessity for treating patients based on these results 22, 

26, 27. 
Numerous studies in the literature have investigated demo-

graphic, clinical, and radiological predictive factors for malignancy 
in FN. Common and differing results have been reported, and the 
factors predicting malignancy risk in patients have not been fully es-
tablished. Age, male gender, large nodule size, ultrasound character-
istics, and cytological features have been reported as primary risk 
factors for identifying patients at risk of malignancy. However, var-
iables determining malignancy in follicular neoplasms remain a 
topic of debate 28. 

Among the predictive factors, ultrasound characteristics have 
been studied, with solid structure of the nodule, microcalcifications, 
or hypoechoic patterns being associated with malignancy 2. In our 
study, all ultrasound variables believed to increase the risk of ma-
lignancy in nodules during the preoperative period were evaluated, 
and no differences in ultrasound characteristics were found be-
tween malignant and benign groups. Since all patients in our study 
were evaluated by the same radiology team, we believe that mis-
leading factors related to the radiologist are at their lowest level. 
Consequently, we observed that ultrasound findings were not effec-
tive in distinguishing between benign and malignant FN. For thyroid 
nodules classified as EU-TIRADS 5, a decision for fine needle aspira-
tion biopsy (FNAB) is typically made 29. We attribute the primary 
reason for features increasing malignancy risk, or in other words, 
the EU-TIRADS category, not actually increasing malignancy risk to 
the frequent demonstration of EU-TIRADS 5 category features in be-
nign nodules as well. In another study, similar to ours, no difference 
in ultrasound characteristics was found between benign and malig-
nant follicular thyroid lesions 30. Similarly, Sillery et al. demon-
strated that the ultrasound characteristics of follicular adenomas 
and follicular thyroid carcinomas (FTC) are similar 31. There are 
controversial results regarding additional potential ultrasound fea-
tures associated with follicular malignancy, such as the absence or 
presence of a halo, hypoechogenicity or isoechogenicity, unclear 
borders, and the absence of cystic changes 22, 27, 31-33. 

It is a well-known fact that the presence of a solid component in 
thyroid nodules increases the risk of malignancy. In contrast, the 
presence of a cystic component significantly decreases this risk. In 
our study, we also demonstrated that as nodule size increases, the 
rate of malignancy rises. We noted that the cystic nature of the nod-
ule serves as an indicator that reduces the likelihood of malignancy. 
Interestingly, while the probability of cancer in solid nodules in-
creases with nodule size, this is not the case for cystic nodules, 

where the risk of malignancy does not rise despite an increase in 
size.  

Malignancy rates in FN show variations between clinics. These 
differing rates are influenced not only by clinical data but also by the 
demographic and ethnic characteristics of the patients. Bongiovanni 
et al. reported a malignancy rate of 26.1% in FN cases 34. In another 
study by Kim et al., the malignancy rate was noted as 35.1% 28. They 
attributed this higher rate compared to literature reports to ethnic 
differences. They mentioned that most previous studies were con-
ducted in the United States, while in their own country, Korea, the 
prevalence of thyroid cancer is high. Similarly, another study con-
ducted in Korea by Yim et al. reported a malignancy rate of 48% 35. 
In another study, the malignancy rate in Bethesda Category IV nod-
ules was found to be 48.9%. Additionally, incidental malignancy was 
detected in 30.7% of patients, leading to a total malignancy rate of 
79.6% 36. In our study, the malignancy rate among patients diag-
nosed with FN who underwent surgery was found to be 45.3%. This 
rate is higher than that reported in many studies in the literature. 
Similar to the studies from Korea, we attribute this high rate to the 
elevated prevalence of thyroid cancer in the region where the study 
was conducted. 

In our study, incidental malignancy was observed outside the 
target nodule in 138 of the 364 patients (37.9%). In Group 1, the 
rate of incidental thyroid cancer was 34.1% (68/199 patients), 
while in Group 2 it was 42.4% (70/165 patients). In both groups, 
the most frequently observed histological type was micro-papillary 
thyroid cancer. Another study highlighting the regional differences 
affecting the incidence of thyroid cancer reported that 721 patients 
underwent surgery for FN, with 402 (55.7%) having total thyroid-
ectomy (TT) and 319 (44.3%) having hemithyroidectomy (HT), re-
sulting in a malignancy rate of 24% (176/721 cases). The patients 
in this study were operated on in two different regions. The malig-
nancy rate was recorded as 34.9% in Sardinia and 18.9% in Campa-
nia. Additionally, the risk of malignancy was higher in those who un-
derwent TT (31%) compared to those who had HT (16%). However, 
considering that the malignancy rate remains low even after routine 
TT, there is commentary suggesting that surgical interventions may 
signify "overtreatment" in many cases. The study states that Sar-
dinia is an endemic goiter region, with a very high incidence of au-
toimmune diseases (especially Hashimoto's thyroiditis), which 
likely contributes to the observed higher malignancy rates. For 
these reasons, it is emphasized that when making surgical decisions, 
not only clinical and radiological data but also ethnic and regional 
factors may play a role in malignancy risk. This situation explains 
the prevalence of TT selection in endemic regions, a regional risk 
factor 37. Other studies also highlight that the structure of at-risk 
populations and the clinical-pathological characteristics of cancer 
may vary significantly based on ethnic origin and geographic loca-
tion 38. 

In our study, 27 patients (16.36%) in Group 2 and 3 patients 
(1.51%) in Group 1 (who were found to have incidental thyroid ma-
lignancy) underwent complementary thyroidectomy. Bilateral total 
thyroidectomy (TT) was performed on 130 patients in Group 1 and 
118 patients in Group 2, while unilateral thyroidectomy was per-
formed on 69 patients in Group 1 and 47 patients in Group 2. The 
high rate of TT in our study can be attributed to the presence of hy-
perthyroidism in 60 patients (16.48%) (37 in Group 1 and 23 in 
Group 2) and hypothyroidism/Hashimoto's disease in 24 patients 
(6.59%) (12 in Group 1 and 12 in Group 2). Additionally, 17 patients 
(4.67%) had a family history of thyroid cancer (8 in Group 1 and 9 
in Group 2), and one patient had previously been operated on for 
papillary thyroid cancer. Furthermore, ultrasound examinations re-
vealed that bilateral thyroid nodules were present in 63.32% of pa-
tients in Group 1 and 55.76% in Group 2. The endemic nature of thy-
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roid diseases and cancer in our region also plays a significant role in 
our broader surgical practices. 

In a study, the most frequently encountered malignant patholo-
gies in FN cases were identified as PTC (53.4%) and FTC (40.49%). 
Moreover, nearly one-third of the malignancies (37.7%) were 
fvPTC. The authors suggested that the high rate of fvPTC cases may 
be due to the possibility of misdiagnosis or incorrect diagnosis of 
truly malignant cases as a result of fine-needle aspiration biopsy 
(FNAB) 28. These malignant cases were diagnosed correctly post-
surgery due to the absence of tumor capsule and vascular invasion 
findings. In our study, the most common histological subtypes ob-
served in the malignant group were micropapillary thyroid carci-
noma in 48 patients (29%) and fvPTC in 57 patients (34.5%). In 
eight patients (4.8%), FTC was observed. When examining the 
pathological evaluations of the patients’ subgroups (2A, 2B, 2C), the 
most common histological subtype in Group 2A was micropapillary 
thyroid carcinoma, in Group 2B it was fvPTC, and similarly in Group 
2C it was also fvPTC. 

A study investigating factors that help predict malignancy after 
preoperative FN diagnosis analyzed 368 thyroidectomy samples. 
The authors found that 60% of nodules with cytological nuclear 
changes associated with PTC were malignant 39. In another study in-
volving 98 FN cases, the malignancy rates for atypical and non-atyp-
ical FN were reported as 44.4% and 6.8%, respectively, thus sup-
porting the predictive value of the presence of atypical FN 8. In our 
study, there was no data related to nuclear atypia in cytological ex-
aminations, and thus, an assessment could not be made regarding 
this predictive risk factor. Due to the retrospective nature of our 
study, there are parameters with data deficiencies, which consti-
tutes the most significant limitation of our research. 

Another clinical variable investigated for predicting malignancy 
in FN is gender. Many studies have shown that male gender is sig-
nificantly associated with a diagnosis of malignancy 40, 41. In a study 
based on multivariable analyses, Najafian et al. indicated that male 
gender, a family history of thyroid cancer, and a history of head and 
neck radiation exposure are associated with malignancy in follicular 
neoplasms of the thyroid 30. In our study, malignancy was detected 
in 42.7% of female patients and 55.3% of male patients. According 
to these findings, the rate of malignancy in male patients was signif-
icantly higher, similar to the literature. However, there was no sta-
tistically significant difference (p=0.051). Additionally, there was no 
statistically significant difference in the distribution of 17 cases with 
a family history of thyroid cancer between groups 1 and 2, and our 
study found that a family history of thyroid cancer was not a deter-
mining factor for predicting malignancy in FN. 

None of our cases had a history of radiation exposure to the head 
and neck region. Considering that patient age could be another de-
terminant in predicting the malignancy potential of FN cytology, the 
cases were evaluated according to age ranges. The group with the 
highest rate of malignancy was the youngest age group, 18-25 years. 
In the two youngest age ranges, 18-25 and 26-40 years, the number 
of malignant pathologies exceeded that of benign ones; however, 
this trend reversed in the 41-60 age range. This suggests that any 
prediction of malignancy with age might lie between these two 
groups. Additionally, studies highlighting that being under 45 years 
old is a risk factor for malignancy were also considered30, 41. Based 
on these data, a repeated chi-square analysis indicated that 160 
cases were under 45 years old, while 204 cases were 45 years or 
older. Among those under 45, 88 (55%) cases were malignant, and 
72 (45%) were diagnosed with benign pathologies. Among those 
over 45, 77 (27.7%) cases were malignant, and 127 (62.3%) cases 
were benign. The likelihood of FN cytology nodules being malignant 
was statistically significantly higher in cases under 45 years 
(p<0.001). 

The literature presents conflicting results regarding nodule size 
and the risk of malignancy. Tuttle et al. reported that tumor sizes 
greater than 4 cm are associated with an increased risk of malig-
nancy 42. Schlinkert et al. emphasized that the risk of malignancy in 
follicular neoplasms is higher in larger tumors 41. Another study 
showed that a tumor size greater than 2.1 cm increases the risk of 
malignancy 43. In Lee KH et al.'s study, tumor size (>2.5 cm) and ul-
trasound findings suggestive of malignancy were proposed as deter-
mining factors 44, whereas Lee SH et al. found that only high TG lev-
els and the presence of calcifications on ultrasound were significant 
predictive factors 27. Overall, there are discussions about the utility 
of clinical characteristics, including nodule size, in predicting malig-
nancy. According to one view, while the risk of PTC decreases with 
larger nodules, the risk of FTC increases as nodule size increases 45. 
Recent studies suggest that nodule size in thyroid FN predicts ma-
lignancy potential 46. This is consistent with the American Thyroid 
Association guidelines, which recommend total thyroidectomy for 
follicular lesions larger than 4 cm due to the increased risk of malig-
nancy 47. In contrast, some studies argue that there is no significant 
difference in nodule size between benign and malignant groups 27. 
There are also studies that claim there is no relationship between 
increasing nodule size and malignancy rates 48. In our study, when 
examining the relationship between nodule size and malignancy, it 
was observed that nodules 2 cm and smaller are frequently benign, 
while malignancy rates are higher in nodules between 2-4 cm and 
in those 4 cm and larger. Our findings parallel those of many studies 
in the literature. Differences in results from studies exploring the 
relationship between nodule size and malignancy risk may arise 
from variations in study populations and assessment criteria. Ac-
cording to authors who argue that nodule size is not proportional to 
malignancy risk, malignant thyroid nodules, especially undifferenti-
ated types, may have a higher likelihood of growing faster than be-
nign lesions. Furthermore, they are more likely to have a suspicious 
or malignant FNAB, which leads to earlier surgical intervention. In 
contrast, benign nodules are often monitored longer before surgery, 
during which time they may also grow. As in our study, authors who 
support the notion that the increase in nodule size is proportional 
to the increase in malignancy risk argue that the false-negative rate 
for FNAB increases with nodules larger than 4 cm 45. 

The relationship between Hashimoto's thyroiditis and thyroid 
cancer remains a topic of debate 49, 50. Studies by Rago et al. and Pu 
et al., which examined FN and Hürthle cell neoplasms together, 
showed that malignancy was not associated with Hashimoto's thy-
roiditis32, 51. In contrast to these studies, Zhang et al. suggested a sig-
nificant association between Hashimoto's thyroiditis and the risk of 
PTC, reporting a much higher incidence of PTC in male patients with 
Hashimoto's thyroiditis 52. In our study, all 33 patients with Hash-
imoto's thyroiditis underwent total thyroidectomy. Nineteen pa-
tients were in Group 1, and 14 were in Group 2. The frequency of 
malignancy in these patients was observed to be 42%, which is con-
sistent with the overall malignancy rate. It was noted that Hashimo-
to's thyroiditis did not increase the risk of malignancy in nodules 
with FN. 

Recently, molecular biomarkers such as BRAF, RAS, RET-PTC, or 
PAX8-PPARγ mutations are being researched for the diagnosis of 
thyroid nodules. BRAF mutations are observed in up to 83% of PTCs 
53-55, while NRAS mutations are commonly found in FN 56. In one 
study, NRAS mutations were observed in 22.3% of patients, with a 
higher prevalence of NRAS mutations in the malignant group 
(%13.8 vs. %30.4, p=0.013). Additionally, in the same study, multi-
variable analysis revealed that NRAS mutation was an independent 
risk factor for a malignancy diagnosis 28. Similarly, Bae et al. re-
ported that the overall malignancy rate in NRAS mutation cases was 
significantly higher compared to those without the mutation57. Fur-
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thermore, many studies have demonstrated that immunohisto-
chemical markers such as galectin-3, HBME1, and cytokeratin-19 
improve the sensitivity and specificity in differentiating benign 
cases from malignant cases in nodules preoperatively. However, 
due to various reasons such as operator-dependent factors, differ-
ences in analytical methods, and the overlap between follicular ad-
enomas and differentiated thyroid carcinomas, these markers have 
not gained widespread acceptance in clinical practice 58, 59. In our 
study, we did not have data related to molecular and immunohisto-
chemical markers, so we could not draw conclusions about the pre-
dictive effects of the existing markers. 

In a study conducted by Najafian et al., it was found that despite 
some differences in the presentation characteristics of benign and 
malignant follicular thyroid nodules, independent preoperative var-
iables for malignant follicular thyroid lesions included male gender, 
positive family history, history of thyroid cancer, and a history of 
head and neck radiation 30. Conversely, being over 45 years of age, 
presenting with dysphagia or a sensation of pressure, having a nod-
ule larger than 4 cm, accompanying hyperthyroidism, and the pres-
ence of multinodular goiter emerged as preoperative indicators for 
benign follicular thyroid lesions. The correct combination of all clin-
ical indicators may assist in making preoperative decisions for pa-
tients with follicular lesions. In our study, patients with malignancy 
were often younger and male. It was observed that malignancy in-
creased in lesions measuring 2 cm or larger. There was no statisti-
cally significant difference in the presenting complaints between 
Groups 1 and 2. Our study observed that changes in thyroid function 
tests did not differ between benign and malignant groups. However, 
literature indicates that hyperthyroidism is more common in benign 
follicular thyroid lesions 30. Given that hyperfunctioning thyroid 
nodules have a higher likelihood of being hot nodules, it is not sur-
prising to observe such a relationship 60. 

Recently, a gene expression classifier (Afirma) has been found to 
be quite useful in distinguishing between benign and malignant 
nodules in follicular lesions. This gene expression classifier has been 
reported to have a sensitivity of 90% for both indeterminate lesions 
and FN. The specificity and negative predictive value for FN are 49% 
and 94%, respectively. However, as mentioned above, access to 
these tests is often limited due to cost constraints. This situation 
highlights the search for other predictive factors that could poten-
tially replace these molecular tests, which is a central theme of our 
study. 

According to literature data, the increase in FN diagnoses has led 
to more thyroid surgeries, revealing a relatively low malignancy 
rate (MR) associated with FN (10-40%) 4, 9, 44. Furthermore, neither 
preoperative ultrasound features, molecular markers, nor in-
traoperative pathology consultations have sufficient sensitivity to 
predict malignancy 61. On one hand, total thyroidectomy (TT) may 
increase the need for medication and the risk of surgical complica-
tions due to excessive surgical intervention; on the other hand, he-
mithyroidectomy (HT) might not require medication or may only 
require low doses, with a lower risk of surgical complications, alt-
hough it may sometimes necessitate complementary thyroidec-
tomy. These two extremes represent the surgical treatment options 
for managing FN. Despite numerous studies in the literature, man-
agement guidelines remain debated; endocrinologists or head and 
neck surgeons are divided into those who support routine TT and 
those who oppose it. Additionally, surgical treatment options for FN 
vary between institutions and even among surgeons within the 
same institution. Current evidence confirms that patients with FN 
should be better evaluated preoperatively to avoid unnecessary di-
agnostic surgery. 

The differences in malignancy rates in the literature suggest that 
the biological behavior of the disease may vary by geographical re-

gion. Demographic, clinical and radiological predictive risk factors 
associated with patients yield different results across studies. Cur-
rently, the use of molecular tests recommended for FN is limited. 
Due to cost concerns and issues with institutional access, these tests 
have not yet been adopted into routine practice. Furthermore, dis-
cussions continue regarding frozen section pathology examinations 
performed during surgery and how treatment strategies should be 
determined accordingly. In light of all this data, many factors must 
be considered when selecting the type of surgery for patients with 
FN. It should be noted that TT might be overtreatment in cases of FN 
where the risk of malignancy is relatively low. Conversely, perform-
ing HT without considering possible risk factors could lead to addi-
tional surgical interventions, increasing costs and surgical compli-
cations. While a more conservative surgical approach is recom-
mended for FN patients, there is a need for multicenter, multifacto-
rial analyses based on prospective randomized studies aimed at re-
ducing unnecessary diagnostic surgeries and increasing preopera-
tive diagnostic accuracy. 

 
 

5. Conclusion 
 

According to the results of our study, the risk of malignancy in 
FN cases increases in males, nodules larger than 2 cm, and younger 
age groups. Our data indicate that the malignancy risk in FN is 
45.3%. Additionally, the incidental thyroid cancer rate outside of the 
targeted FN nodule was found to be 37.9%. These rates are higher 
than those reported in the literature, likely due to the high 
prevalence of thyroid cancer in our region. Furthermore, the 
presence of concurrent Hashimoto’s disease, the detection of 
multiple nodules on ultrasound examinations and a history of 
thyroid cancer in some patients have led to a more frequent 
preference for total thyroidectomy (TT) in our surgical choices. 
However, it has been observed that these variables do not increase 
the risk of malignancy in FN. 
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