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More Th an Fift y Years of Excellence - and Looking Ahead

Lett er from the Editor­in­Chief
Medical Research Journal

Faculty of Medicine, University of Belgrade

Dear Readers,
It is my great pleasure to welcome you to the Medical Re-
search Journal, a peer­reviewed scientifi c journal published 
by the Faculty of Medicine, University of Belgrade. Estab­
lished in 1971, the journal has proudly maintained a tradi­
tion of academic excellence for over fi ve decades.
Published four times annually, the Medical Research Jour-
nal is committ ed to advancing biomedical science by 
publishing high­quality research from both members and 
affi  liates of the Belgrade Faculty of Medicine, as well as 
from scientists and professionals engaged in biomedical 
research worldwide. Our mission is to serve as a platform 
for the dissemination of innovative and impactful research 
that contributes to the development of medical science 
and clinical practice.
Th e journal publishes original scientifi c articles, review 
papers, case reports, and other types of contributions sub­
mitt ed in English. We welcome submissions that present 
previously unpublished results of original research, off er 
critical and comprehensive analyses of current topics, or 
describe unique and particularly illustrative clinical cases. 
Our journal encompasses research in basic biomedical sci­
ences, clinical medicine, and preventive healthcare. Each 
manuscript undergoes statistical review to ensure meth­
odological and analytical rigor. In line with our open­ac­
cess policy, all published content is freely available to the 

public, supporting transparency, accessibility, and the 
global exchange of knowledge.
Looking ahead, our goal is to further elevate the journal’s 
visibility and academic infl uence. We are fully committ ed 
to transitioning from our current national categorization 
(M53) to recognition as an international journal (M23). 
We are actively pursuing inclusion in prominent interna­
tional indexing databases, aiming to increase the visibility 
and impact of the research we publish. Our long ­ term vi­
sion includes strategic eff orts to enhance the quality, diver­
sity, and global reach of our submissions, with a focus on 
fostering international collaboration and multidisciplinary 
research. While this journey is demanding, it is essential—
and entirely possible through the joint commitment of our 
editorial team, authors, reviewers, and readers.
On behalf of the entire Editorial Board, I invite you to ex­
plore the latest contributions in this issue, and I warmly 
encourage researchers to consider the Medical Research 
Journal as a venue for publishing their work. Together, we 
will continue to promote excellence in medical science.

With sincere appreciation,
Prof. Dragana Protic, MD, PhD

Editor­in­ChiefEditor­in­Chief
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Summary 
Introduction: Feminizing genitoplasty for congenital adrenal hyper-
plasia (CAH) includes clitoroplasty, vaginoplasty, urethroplasty and 
labioplasty. The aim is to achieve normal female anatomy without 
compromising sexual function. We present our technique and out-
comes of reduction clitoroplasty. 
Methods: A total of 21 patients with CAH, aged from 13 months to 
24 years (median 16 months), underwent feminizing genital recon-
struction in our center between January 2011 and December 2020. 
Surgical treatment included reduction clitoroplasty and labioplasty, 
with or without urethroplasty and vaginoplasty. Clitoroplasty was 
performed by complete disassembly of the clitoris into glans with 
neurovascular bundle and cavernosal bodies. Glans cap was sepa-
rated from the tips of the cavernosal bodies, avoiding injury of the 
arteries that run lateroventrally. Cavernosal bodies were completely 
removed, followed by glans reconstruction and reassembly of all en-
tities, to attain normal clitoral morphology. For hypothesis testing, we 
used the Mann-Whitney test and Fisher’s exact test.
Results: Follow-up ranged from 44 to 162 months (median 84 
months). An excellent aesthetic outcome with normal appearance of 
the genitalia was achieved in all cases. Five patients (24%) reached 
puberty, and all have regular menstrual cycle. Postoperative com-
plications were observed in 5 (24%) cases. No correlation was found 
between complications and age at the time of surgery (p=0.131) or 
duration of surgery (p=0.136).
Conclusion: Reduction clitoroplasty by clitoral disassembly presents 
a good choice for clitoromegaly repair in patients with CAH. This 
approach leaves the neurovascular bundle intact and completely 
preserves the glans cap and urethral plate blood supply. Long-term 
follow-up is necessary for the evaluation of sensation and sexual 
function. 
Keywords: Congenital adrenal hyperplasia, feminizing genitoplasty, 
clitoroplasty
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INTRODUCTION

Congenital adrenal hyperplasia (CAH) is diagnosed in 
one of 10000 newborns, and its treatment requires multi­
disciplinary approach. The role of surgery is to achieve 
anatomy and function of female external genitalia, en­
abling normal psychosocial and psychosexual develop­
ment. Feminizing genital reconstruction in virilized girls 
with CAH involves clitoroplasty, labioplasty, urethro­
plasty and vaginoplasty. The type of surgical reconstruc­
tion depends on the severity of the virilization and may 
include several stages. Appreciation for female genital 
anatomy and individualized approach are necessary for 
successful outcome (1-3).

Clitoral hypertrophy is the important feature of 
CAH, and different treatment approaches have been 
used throughout history (4). The total amputation of the 
clitoris used to be the single option because the clitoris 
was considered unnecessary for female sexual matura­
tion (5). As understanding of clitoral anatomy and sexual 
function has advanced, more refined surgical techniques 
have been developed since the initial introduction of re­
duction clitoroplasty in the 1960s (6,7). Preservation of 
the neurovascular bundle has become the main goal, and 
therefore less invasive procedures have been proposed 
lately. However, loss of sensation, aesthetic mutilation 
and ultimately compromising sexual function are still 
relevant issues, making clitoral reconstructive surgery 
quite challenging. Additionally, data about long-term ef­
fects of these procedures are not available (4).

Due to experience in penile disassembly procedure 
for various congenital and acquired penile anomalies, re­
duction clitoroplasty based on clitoral disassembly was 
introduced in our center as a standard part of feminiz­
ing genitoplasty. In this study we evaluated surgical out­
comes of the procedure for clitoromegaly in CAH.

MATERIALS AND METHODS

A retrospective, single-center study included 21 patients 
with CAH, aged from 13 months to 24 years (median 
16 months), who underwent primary surgical repair be­
tween January 2011 and December 2020. The study pro­
tocol was approved by the Institutional Ethics Commit­
tee at University Children’s Hospital (number 12/262, 
date 11/2024). Patients who underwent re-do clitoroplas­
ty after primary repair elsewhere were excluded from the 
study. Complete multidisciplinary evaluation is carried 
out preoperatively, and all patients underwent echoso­
nography and voiding cystourethrography (VCUG). Hor­
monal therapy was administered preoperatively. Com­
plete one-stage genital reconstruction was performed 
in 17 patients, and included reduction of hypertrophied 
clitoris, labioplasty, urethroplasty and vaginoplasty. In 
4 cases with severe urogenital sinus, a two-stage surgery 
was planned, leaving vaginal reconstruction for later age. 

Surgical technique

Surgery starts with subcoronal circumferential incision 
and clitoral skin degloving (Figures 1A and B). 

Wide suspensory ligament is dissected in the right 
plane and preserved, to maintain its role - to prevent the 
clitoris from straightening, while keeping its stability 
during sexual activity. Urethral plate is mobilized with 
Buck’s fascia. Dissection is continued towards glans cap, 
and neurovascular bundle is dissected under Buck’s fascia 
in order to preserve its’ structures. Paired clitoral neuro­
vascular bundle originates from pudendal neurovascular 
bundle, ascending to the upper part of the clitoral body 
where the crura unite. Glans cap is separated from the tips 
of the cavernosal bodies, avoiding the injury of the arteries 
running lateroventrally, as well as dorsal clitoral nerves. 

96 |

Figure 1. Preoperative appearance of virilized genitalia in an 18-month-old female infant. A. Clitoromegaly with abundant skin. B. Genitalia 
have hypospadiac aspect. Authors obtained written informed permission to publish these images in scientific/medical journal.
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The dorsal clitoral nerves pass in large fibers to enter the 
deep layers of the glans, whose innervation is rich, partic­
ularly in its dorsal part. Finally, complete disassembly of 
the clitoris into glans with neurovascular bundle, urethral 
plate and corpora cavernosa is done (Figure 2A). This al­
lows adequate removal of corpora cavernosa by complete 
excision below bifurcation, and suturing the remaining 
parts limited to the attachment only (Figure 2B).  

The glans is then resected, if needed, to achieve normal 
size, with preserving its’ dorsal part that has rich innerva­
tion. Reconstruction of the glans and reassembly of all en­
tities is then performed, in order to attain normal clitoral 
morphology (Figure 3). Labioplasty is then performed, 
when labia minora and majora are created (Figure 4).

Reconstruction of urogenital sinus follows. A sim­
ple cut-back procedure in mild cases, vaginoplasty with 
U-f lap in more severe, or complete urogenital sinus mo­
bilization with complex urethral and vaginal reconstruc­
tion in most severe cases and may be performed in one- 
or two-stages.. Foley catheter is left indwelling for 7 days. 
Postoperative vaginal dilations are performed in most 
patients (Figure 5).

Statistical analysis

Depending on the type of variables and the normality of 
the distribution, data are described as n (%), arithmetic 

Figure 2. Complete disassembly of the clitoris is done. A. Enlarged cavernosal bodies are totally separated from the glans cap, neurovascular 
bundle and urethra. B. A 6-cm long cavernosal bodies are removed. Authors obtained written informed permission to publish these images in 
scientific/medical journal.

Figure 3. Reassembly of all entities is anatomically planned. Authors 
obtained written informed permission to publish these images in sci­
entific/medical journal.

Figure 4. Appearance after surgery. Labioplasty, urethroplasty and 
introitoplasty are performed. Authors obtained written informed 
permission to publish these images in scientific/medical journal.

A B
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mean ± standard deviation, or median (min­max). For 
hypothesis testing, we used the Mann­Whitney test and 
Fisher’s exact test. Statistical hypotheses were tested at a 
significance level (alpha level) of 0.05.

RESULTS

Follow­up ranged from 44 to 162 months (median 84 
months). The median hospital stay was 3 days, ranged 
from 2 to 7 days. There was no significant intraoperative 
or early postoperative bleeding. Median length of the re­
moved cavernosal bodies was 4cm, ranging from 3.5cm 
to 8cm (Table 1).

Good aesthetic outcome with female appearance of 
vulva was achieved in 20 (95%) patients. Complications 
were observed in 5 (24%) patients. One case resulted in 
asymmetry of the glans and labia minora, and partial ne­

crosis of the clitoral skin, which required minor revision 
6 months later. One patient presented with stenosis of 
the vaginal introitus 3 years after surgery and underwent 
successful repair. Three patients (14%) had postoperative 
recurrent urinary tract infections and transient urinary 
leakage, and there were no cases of incontinence. Five pa­
tients (24%) reached puberty, and all have regular men­
strual cycle. Sensitivity of the reduced clitoris seemed 
preserved in all cases, according to self­reports. One 
adult patient reported good sensitivity, penetrative sexual 
intercourse and satisfaction with surgical outcome. Still, 
patients’ age do not allow complete functional and psy­
chosexual assessment, which is expected after puberty. 

There was no correlation between complications and 
age at the time of surgery (p=0.131) or duration of sur­
gery (p=0.136). Complications occurred in 2 (12%) cases 
with a low conf luence and 3 (60%) with a high conf lu­
ence, which was not a statistically significant difference 
(p=0.063). Complications were more frequent among 
participants who underwent clitoroplasty and labioplasty 
(100%) compared to those who underwent complete one­
stage reconstruction (6%) (p=0.001). Due to the limited 
sample size and low incidence of potential outcomes of 
interest ­ revision surgery (10%), unsatisfactory aesthet­
ic result (5%), transfusions (0%), and clitoral sensitivity 
disturbance (0%), it was not possible to perform an anal­
ysis regarding these outcomes. A limitation of the study 
is that multivariable analyses could not be performed due 
to the limited sample size.

DISCUSSION

The treatment for genital ambiguity in CAH is still a sub­
ject of debates. Current guidelines suggest a multi­disci­
plinary approach and a shared decision model, including 
gender assignment and genital surgery in accordance 
with national regulations. The type of feminizing genito­
plasty depends on the degree of virilization, and current 
standard of care is to perform reconstructive surgery at 
an early age rather than wait for adolescence (1,8). A sur­
vey among pediatric surgeons and urologists showed that 
early surgery, before the age of two years, is preferred by 
78% of the surgeons and most of them would include cli­
toroplasty, vaginoplasty and labioplasty (9).

Clitoral reconstruction has evolved from clitoral am­
putation to less invasive procedures including plication, 

Figure 5. Good aesthetic outcome 10 years aft er surgery. Authors 
obtained writt en informed permission to publish these images in sci­
entifi c/medical journal.

Age at surgery 
(months)

Follow­up period 
(months)

Hospital stay (days) Duration of surgery 
(minutes)

Length of removed ca­
vernosal bodies (cm)

Mean 30.3 91.6 3.2 143.3 4.1

SD 57.4 36.8 1.2 29.8 1.1

Median (range) 16 (13­280) 84 (44­162) 3 (2­7) 140 (90­200) 4 (3.5­8)

Table 1. Summary of case parameters

* SD – Standard deviation
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concealing and reduction (2-7). Recent improvements 
are based on new insights in clitoral anatomical features 
and components, including location of the clitoral nerves 
along the shaft of the clitoris and glans, clitoral body and 
ligaments (10). Reduction clitoroplasty where part of the 
shaft is excised with glans preservation is currently the 
most accepted and used technique. However, this may 
result in various problems and poor long-term outcomes, 
including loss of sensation, glans atrophy and sexual dys­
function (11).

Yankovic et al. reported partial excision of the corpora 
cavernosa as the most frequent surgical technique used 
for the clitoroplasty (9). A corporal preserving approach 
is preferred in 20% of surgeons, including surgeons that 
bury the corpora and those who perform a split-dismem­
bered clitoroplasty. The self-reported outcomes from the 
participants that perform clitoral surgery are very good in 
57%, good in 26% and 16% poor (9). Gupta et al. evaluat­
ed long-term cosmetic, functional and psychosexual out­
comes in 50 patients with CAH who underwent feminiz­
ing genitoplasty (12). They report clitoral reduction with 
preservation of the glans, without description of the sur­
gical procedure. After the mean follow-up of 6 years, they 
reported poor cosmetic outcome in 3 out of 50 cases, due 
to atrophic clitoris in 2 and clitoromegaly in 1 case. The 
case of recurrent clitoromegaly was explained by non­
compliance to hormonal therapy for a period of 3 years, 
and required re-do surgery. Functional and psychosexual 
outcomes were satisfactory in the majority of cases (12). 
One study reports 100% success in terms of size of the cli­
toris and cosmesis after partial excision of the cavernosal 
bodies in 82 cases, but without data regarding clitoral 
sensation or patient satisfaction after surgery (13).

Ventral approach has also been used to preserve neu­
rovascular bundle, removing cavernosal bodies with tu­
nica albuginea, but only distal to bifurcation (14). The 
authors suggest that by leaving some erectile tissue distal 
to the bifurcation, clitoral erection is maintained, as well 
as allowing support and elevation of the clitoris beneath 
the pubis. However, the long-term results of these partial 
excisions are not available. A recent comprehensive ret­
rospective study reports favorable long-term outcomes 
in 40 patients with CAH who underwent genitourinary 
reconstruction. They also used ventral approach with 
partial excision and preservation of the bundle. In a me­
dian follow-up of 7 years (1-19 years), clitoral glans size 
was normal and hidden by labia minora in the vestibule 
in 37 (92.5%) patients. The clitoris was atrophic in one 
(2.5%), and too large in two cases (5%). (15) Still, con­
cerns related to remaining erectile tissue remain, as the 
potential need for additional procedures, long-term ef­
fects on psychosocial and sexual function, and cosmetic 
and functional outcomes (16).

We report good surgical outcomes and high level of 
patients’ satisfaction in 21 cases who underwent feminiz­
ing genitoplasty, with a mean follow-up of 7 years. Our 
technique includes clitoral disassembly, which enables 
complete removal of erectile tissue to the attachments of 
cavernosal bodies and preservation of all neurovascular 
elements, allowing anatomical reassembly of entities. In 
this way, pain and difficulties during sexual intercourse 
in the future due to remaining erectile tissue is definite­
ly avoided. This approach is based on vast experience in 
penile disassembly technique as well as clitoral recon­
struction in many congenital anomalies and gender affir­
mation surgeries (10,17). In a long-term follow-up, in this 
cohort there were no complications such as clitoral atro­
phy, clitoromegaly recurrence or patients’ reports on psy­
chosexual impairment. The statistical analysis revealed 
no correlation between complications and age at the time 
of surgery or duration of surgery, as well as significant 
difference in complication rate regarding level of conf lu­
ence. However, analysis of other outcome parameters was 
not possible due to a small number of cases. 

The limitations of our study are inconsistent func­
tional and psychosexual evaluation, which can be expect­
ed when all patients reach late adolescence or adulthood. 
The importance of transitional care, especially in these 
severe cases, is crucial. Also, a limited sample size did not 
allow for multivariable statistical analysis.

CONCLUSION

Reduction clitoroplasty based on clitoral disassembly 
in CAH enables complete removal of cavernosal bodies 
with preservation of the neurovascular bundle, glans cap 
and urethral plate blood supply. This approach has good 
long-term surgical outcomes, without compromising the 
sensation and potential sexual function. Transitional care 
into adulthood is necessary for complete evaluation.
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REDUKCIONA KLITOROPLASTIKA KOD KONGENITALNE ADRENALNE 
HIPERPLAZIJE: NAŠA ISKUSTVA
Borko Stojanović1,2, Marta Bižić1,2, Marko Benčić1,2, Miroslav L. Đorđević1,2

Sažetak

Uvod: Feminizirajuća genitoplastika kod kongenitalne 
adrenalne hiperplazije (KAH) uključuje klitoroplastiku, 
vaginoplastiku, uretroplastiku i labioplastiku. Cilj je po-
stići izgled i normalnu anatomiju ženskih genitalija, bez 
oštećenja seksualne funkcije. Predstavljamo našu tehni-
ku i rezultate redukcione klitoroplastike. 

Metode: Feminizirajuća genitoplastika je u našem cen-
tru urađena kod 21 pacijenta sa KAH, uzrasta od 13 me-
seci do 24 godine (medijana 16 meseci), u periodu od 
januara 2011. do decembra 2020. godine. Operacija je 
uključivala redukcionu klitoroplastiku i labioplastiku, sa 
ili bez uretroplastike i vaginoplastike. Klitoroplastika je 
podrazumevala kompletno rastavljanje klitorisa na glans 
sa neurovaskularnom peteljkom i kavernozna tela. Glans 
je odvojen od vrhova kavernoznih tela uz prezervaciju 
arterija. Kavernozna tela su kompletno uklonjena, a po-
tom je učinjena rekonstrukcija glansa i svih struktura, 

kako bi se postigla normalna morfologija klitorisa. Od 
metoda za testiranje statističkih hipoteza koristili smo 
Mann-Whitney test i Fisherov test tačne verovatnoće.

Rezultati: Period praćenja je od 44 do 162 meseca (me-
dijana 84 meseca). Odličan estetski rezultat je postignut 
u svim slučajevima. Pet pacijenata (24%) je prošlo adole-
scenciju i ima uredne menstrualne cikluse. Komplikacije 
operacije su se javile u 5 (24%) slučajeva. Sa komplikaci-
jama nisu povezani: uzrast u vreme operacije (p=0,131) i 
trajanje operacije (p=0,136).

Zaključak: Redukciona klitoroplastika zasnovana na 
kompletnom rastavljanju klitorisa daje dobre rezultate 
kod pacijenata sa KAH. Ovom tehnikom se čuva neuro-
vaskularna peteljka, kao i vaskularizacija glansa i uretral-
ne ploče. Dugoročno praćenje je neophodno za kom-
pletnu evaluaciju osetljivosti i seksualne funkcije.  

Ključne reči: kongenitalna adrenalna hiperplazija, feminizirajuća genitoplastika, klitoroplastika
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Summary 
Introduction: The rise in life expectancy has resulted in a greater 
prevalence of elderly patients presenting with acute myocardial in-
farction with ST elevation (STEMI).  
The Aim: Investigating the association between advanced age and 
one-year mortality in STEMI patients treated with primary PCI.
Material: The study involved 395 STEMI patients who underwent pri-
mary PCI and were admitted to the Coronary Care Unit between June 
and December 2019. The patients were categorized into three age 
groups: ≤64 years, 65-74 years, and ≥75 years, with the ≤64-year age 
group as the comparison reference. All-cause mortality was analyzed 
over a one-year period.
Results: The mean age of the patients was 62 years; 27.6% were aged 
between 65 and 74, while 15.7% were 75 years or older. Women ac-
counted for 28.7% of the total, with higher representation in older age 
groups.  Older patients exhibited elevated rates of diabetes, chronic 
renal insufficiency, anemia, and heart failure (Killip 2-4). Primary PCI 
rates were notably high across all age groups at 93.3%, 93.6%, and 
87.1%, respectively, primarily using a radial approach. The one-year 
mortality risk was twice as high for those aged 64 to 75 years and 
seven times higher for those aged 75 and over, with age 75 and above 
being an independent predictor of all-cause mortality.
Conclusion: Elderly patients with STEMI, particularly those aged 75 
and older, show a significantly higher one-year mortality rate com-
pared to their younger counterparts aged 64 and younger due to the 
considerable burden of comorbidities, even when receiving guide-
line-directed therapies. 
 Keywords:  the elderly, STEMI, primary PCI, mortality
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INTRODUCTION 

An increase in life expectancy has led to a growing num­
ber of elderly patients presenting with acute myocardial 
infarction with ST elevation (STEMI).  Patients aged 75 
years and older represent approximately 14–28% of all 
STEMI cases (1-3).

 Diagnosing and managing STEMI in this popula­
tion presents unique challenges that significantly inf lu­
ence mortality rates. The primary challenge involves an 
increased prevalence of atypical clinical presentations 
among older adults, which may delay prompt diagnosis 
and timely intervention (4). Furthermore, older patients 
often demonstrated a higher prevalence of coronary 
risk factors, including hypertension, diabetes mellitus, 
and chronic kidney disease (CKD), complicating both 
clinical assessment and therapeutic decision-making 
processes.  Frailty also emerges as a significant con­
cern in this age group (5) as it correlates with dimin­
ished physiological reserves, ultimately rendering these 
patients more susceptible to adverse outcomes during 
hospitalization (6). Finally, there is an elevated risk of 
in-hospital complications, including bleeding, con­
trast-induced nephropathy, and cardiogenic shock. All 
of this makes this population significantly associated 
with a high mortality rate.

The current standard of care for STEMI, which in­
corporates primary percutaneous coronary intervention 
(PCI) alongside dual antiplatelet therapy (DAPT), has 
significantly improved the outcomes for patients of all 
ages enrolled (7). These therapies reduce mortality, limit 
myocardial damage, and enhance long-term prognosis. 
However, older adults, particularly those aged 75 and 
over, are often underrepresented or excluded from nu­
merous clinical trials (8, 9). In contrast, a limited number 
of studies involving elderly patients have demonstrated 
that PCI offers more benefits than fibrinolytic therapy 
(10-12) or medication therapy alone in terms of mortal­
ity in this age group (13-15). This has led to insufficient 
evidence concerning the effectiveness of PCI specific to 
this population, thereby complicating the formulation of 
optimal treatment strategies.

The aim is to explore the link between STEMI pa­
tients aged 65 and older and one-year mortality after pri­
mary PCI.

METHODS

Study design and patient population. This single-cen­
ter observational study included 395 consecutive patients 
with ST-elevation myocardial infarction (STEMI) who 
were admitted to the Coronary Care Unit between June 
and December 2019 and referred for primary percutane­
ous coronary intervention (PCI). The patients were di­
vided into three age groups for analysis: ≤64 years, 65–74 

years, and ≥75 years, with the ≤64-year age group as the 
comparison reference.

The diagnosis of STEMI was established based on 
the Fourth Universal Definition of Myocardial Infarc­
tion (16).  All patients received a loading dose of dual an­
tiplatelet therapy, consisting of aspirin and either ticagre­
lor (180 mg), clopidogrel (600 mg), or prasugrel (60 mg), 
followed by maintenance doses of aspirin (100 mg daily) 
combined with either clopidogrel (75 mg daily), ticagrelor 
(90 mg twice daily), or prasugrel (10 mg daily). Anti-isch­
emic therapy was administered according to current 
guidelines and tailored to each patient’s clinical status.

All patients included in the study underwent coronary 
angiography and PCI. The interventional strategy, in­
cluding decisions regarding stenting, vascular access (via 
the radial or femoral artery), and the use of glycoprotein 
IIb/IIIa inhibitors during or after the intervention, was 
determined at the discretion of the interventional cardi­
ologist. Transthoracic echocardiography was conducted 
within the first three days following PCI, and the left ven­
tricular ejection fraction was classified as reduced if it fell 
below 40%.

Anemia was defined as the hemoglobin level below 
12 g/dL in women and below 13 g/dL in men. Baseline 
kidney function was assessed using the Cockcroft-Gault 
equation, with an estimated glomerular filtration rate 
(eGFR) of <60 mL/min/m² considered indicative of re­
duced kidney function.

Data collection. Patient demographic information, 
including age, sex, and cardiovascular risk factors (hyper­
tension, hyperlipidemia, diabetes mellitus, and smoking 
status), was collected. Medical histories, such as chronic 
kidney disease (CKD), anemia, and prior cardiovascular 
conditions (e.g., myocardial infarction, stroke, previous 
percutaneous revascularization, and vascular disease), 
were also documented. Furthermore, key laboratory pa­
rameters, angiographic findings, and procedural charac­
teristics were recorded, including details of drug therapy 
prescribed at discharge. A one-year follow-up was con­
ducted through telephone interviews or outpatient visits 
to gather data on clinical outcomes and patient status.

Outcomes. The primary endpoint was one-year all-
cause mortality. 

Ethics. This study has been conducted in accordance 
with all ethical principles of the Declaration of Helsinki 
and in accordance with and with approval from all na­
tional and institutional ethical standards.

Statistical analysis. The collected data were analyzed 
using standard descriptive and analytical statistical meth­
ods. Continuous variables were expressed as the mean (x) 
± standard deviation (SD) for normally distributed data 
and assessed using the Student’s t-test. The median and 
interquartile range (IQR) were reported and compared 
for non-normally distributed data using the Mann-Whit­
ney U test. Categorical variables were presented as abso­
lute frequencies (n) and percentages, with comparisons 
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conducted using the chi-square test. Cumulative survival 
curves over a one-year follow-up period for the compared 
age groups were generated using the Kaplan-Meier meth­
od and analyzed with the Log-Rank test.

Univariable and multivariable analyses were per­
formed using the Cox proportional hazards model, with 
patients aged ≤64 as the reference group to identify pre­
dictors of all-cause mortality. Statistical significance was 
determined using two-tailed p-values of < 0.05. All anal­
yses were conducted with IBM SPSS Statistics version 21 
(SPSS Inc., Chicago, IL, USA).

RESULTS 

From June to December 2019, 404 STEMI patients were 
hospitalized, and 395 were referred for primary PCI, 
which led to their inclusion in the statistical analysis.

The baseline clinical characteristics are presented in 
Table 1. The average age of the patients was 62 years; 
27.6% were between 65 and 74 years, while 15.7% were 
75 years and older. Women represented 28.7% of the pa­
tient population and displayed progressively higher rep­
resentation in the older age groups, with 35.8% in the 65-
74 age group and 50% among individuals aged 75 years 

and above. Older patients exhibited a greater prevalence 
of conditions, including arterial hypertension, diabe­
tes mellitus, chronic kidney disease, anemia, and prior 
cerebrovascular events, but a lower incidence of active 
smokers. Furthermore, patients aged 75 years and above 
had more frequent prior revascularization procedures, in­
cluding PCI or CABG, compared to those aged 64 years 
and younger. Heart failure, classified as Killip class II-IV, 
was frequently observed in elderly patients, particularly 
those aged 65 to 74 years and those aged 75 years and old­
er, as well as with a reduced ejection fraction (EF 40%). 
Older patients often presented with new-onset atrial 
fibrillation. Moreover, there was a significant difference 
in the medications prescribed upon hospital discharge; 
older patients more commonly received the less potent 
P2Y12 inhibitor clopidogrel and diuretics (Table 1).

Regarding coronary angiograms and procedural char­
acteristics, the findings indicated that multivessel disease 
was more prevalent among older patients, specifically 
those aged 65 to 74 and those aged 75 and older. More­
over, incomplete revascularization was more common 
among older patient groups. Additionally, in patients 
aged 75 and above, the presence of the left main artery or 
graft as an infarct artery was significantly more frequent 
compared to patients aged 65 years or younger. Neverthe­

Characteristics ≤ 64 yrs
N= 224

65-74 yrs *
N=109

≥75 yrs **
N=62

P* P**

Female, n (%)   44 (19.6%) 39 (35.8%) 31 (50.0%) 0.001 <0.001

Hypertension n(%) 140 (62%) 77 (70.6%) 54 (87.1%) 0.157 <0.001

Diabetes mellitus n (%) 47(21.1%)    43 (39.4%) 23 (37.1%) <0.001 0.010

HLP n (%) 136 (62.1%) 46 (43.0%) 24 (40.0) 0.001 0.002

Active smokers n (%) 136 (59.6%) 37 (34.3%) 1 (1.6%) <0.001 <0.001

Previous MI n (%) 30 (13.5%) 23 (21.1%) 13 (21.0%) 0.074 0.144

Previous CVI n (%) 5 (2.2%) 9 (8.3%) 8 (12.9%) 0.010 <0.001

Previous PCI n (%) 28 (12.6%) 19 (17.4%) 15 (24.2%) 0.231 0.024

Previous CABGn  (%) 5 (2.2%) 2(1.8%) 5 (8.1%) 0.808 0.028

CKD n (%) 22 (10.0%) 31(28.7%) 35 (56.6%) <0.001 <0.001

Anemia n (%) 25 (11.2%) 34 (31.2%)  36 (58.1%) <0.001 <0.001

 Killip class 2-4 n (%) 42 (18.8%) 31 (28.7%) 24 (38.7%) 0.040 0.001

LVEF<40% n (%) 46 (21.8%) 38 (37.3%) 20 (35.7%) 0.004 0.032

 New-onset AF n (%) 3 (1.3%) 9 (8.3%) 9 (14.5%) 0.001 <0.001

LDL cholesterol med (IQR) 3.10(2.54-3.79) 2.77(2.14-3.40) 2.38(1.81-3.28) 0.001 <0.001

Ticagrelor n (%) 155 (73.5%) 65 (65.7%) 18 (40.9%)

0.064 <0.001Prasugrel n (%) 11 (5.2%) 2 (2.0%) 1 (2.3%)

Clopidogrel n (%) 45 (21.3%) 32 (32.3%) 25 (56.8%)

Beta-blocker n (%) 183 (86.3%) 88 (88.9%) 39 (83.0%) 0.529 0.554

ACE inhibitor n (%) 161 (75.9%) 71 (71.7%) 37 (78.7%) 0.425 0.684

Statin n (%) 204 (96.2%) 96 (97.0%) 42 (89.4%) 0.741 0.051

Diuretic n (%) 55 (26.1%) 47(47.5%) 24 (51.1%) <0.001 0.001

DM: Diabetes mellitus; IM: myocardial infarction; CVI: Cerebrovascular insult; PCI: percutaneous coronary intervention; CABG: coronary 
artery bypass graft; HKD: Chronic kidney disease, ACE-angiotensin-converting enzyme *Comparison between ≤ 64 yrs and 65-74 yrs; ** 
Comparison between 65-74 yrs and ≥75 yrs

Table 1. Baseline clinical characteristics and discharge therapy 
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less, primary PCI was performed at a high rate across all 
three age groups, with rates of 93.3%, 93.6%, and 87.1%, 
predominantly using a radial approach. Stent implanta­
tion was performed at high rates across all age groups, 
although significantly less in patients aged 75 and older, 
with no notable differences observed in the use of Gp IIb/
IIIa inhibitors among the different age groups (Table 2).

Table 3 presents the one-year and 30-day all-cause 
mortality rates. At the one-year follow-up, mortality was 
recorded in 55 patients, accounting for 13.6% of the total, 
while the 30-day mortality rate was noted in 39 patients, 

which is 9.9%. It was observed that patients aged 75 years 
and older had significantly higher mortality rates at both 
the 30-day and one-year marks compared to those aged 
64 and younger.

Kaplan-Meier curves illustrate one-year survival rates 
for patients aged 65–74 (Figure 1) and those aged 75 and 
older (Figure 2). Both age groups showed statistically sig­
nificantly lower one-year survival compared to patients 
64 and younger, as determined by log-rank tests (p = 
0.027 and p < 0.001, respectively).

Characteristics ≤ 64 yrs
N=224

65-74 yrs *
N=109

≥75 yrs **
N=62

P* P**

pPCI  n (%) 209 (93.3%) 102 (93.6%) 54 (87.1%) 0.925 0.112

Stent implanted n (%) 202 (90.6%) 98 (90.7%) 49 (80.3%) 0.963 0.027

Radial approach n (%) 199 (89.2%) 97 (89.0%) 52 (83.9%) 0.946 0.249

GpIIb/IIIa  n (%) 19 (8.5%) 15 (13.8%) 8 (12.9%) 0.135 0.292

One-vessel disease n (%) 111 (49.6%) 36 (33.0%) 16 (25.8%) 0.004 0.001

Complete revascularization n (%) 127 (58.3%) 51 (47.2%) 21 (34.4%) 0.060 0.001

LAD n (%) 105 (47.7%) 44 (40.4%) 18 (29.5%)

0.206 0.006

LCx n (%) 33 (15.0%) 13 (11.9%) 8 (13.1%)

RCA n (%) 76 (34.5%) 50 (45.9%) 28 (45.9%)

LM n (%) 2 (0.9%) 0 (0.0%) 4 (6.6%)

graft n (%) 4 (1.8%) 1 (0.9%) 3 (4.9%)

Table 2. Baseline angiographic and procedural characteristics 

LAD-left anterior artery, LCx-left circumflex artery, LM-left main artery, RCA-right coronary artery,  *Comparison between ≤ 64 yrs and 65-
74 yrs; ** Comparison between 65-74 yrs and ≥75 yrs

≤ 64 yrs
N=224

65-74 yrs *
N=109

≥75 yrs **
N=62

P* P**

30 days n(%) 11 (4.9%) 11 (10.1%) 17 (27.4%) 0.074 <0.001

1 year n (%)  15 (6.7%) 15 (13.8%) 24 (38.7%) 0.035 <0.001

Table 3. All-cause mortality on 30-day and 1-year

Log Rank – 0.027
No ≤ 64 yrs     224   213   213   212   211   220   199
No 65-75 yrs  109     96     95     94     94      94      94

Log Rank <0.001
No ≤ 64 yrs   224   213   213   212   211    220    199  
No  ≥75 yrs     62     42     40     40      40     40       38

Figure 1. Kaplan-Meier curves showing one-year survival rate in pa­
tients 64-75 years

Figure 2. Kaplan-Meier curves showing the one-year survival rate in 
patients 75 years and older  
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Univariate Cox proportional hazards analysis showed 
that older patients, particularly those aged 65–74 and ≥75 
years, had higher one-year mortality rates compared to pa­
tients aged ≤64. However, after adjusting for confounding 
factors including gender, diabetes mellitus, chronic kid­
ney disease, Killip class II–IV, and incomplete revascu­
larization, age ≥75 remained an independent predictor of 
all-cause mortality at both 30 days and one year (Table 4).

DISCUSSION 

The results of this observational study indicate that 
STEMI patients aged 75 and older, as well as those aged 
65 to 74 who undergo primary PCI, have significantly 
higher one-year and 30-day mortality rates compared to 
individuals aged 64 and younger. Furthermore, the one-
year mortality risk doubles for those aged 65 to 74 and 
increases sevenfold for those aged 75 and older. Addition­
ally, being 75 or older is recognized as an independent 
prognostic factor for one-year mortality.

Our patients’ demographic and baseline characteris­
tics align with data from the literature, showing that the 
percentage of individuals aged 75 years and older with 
STEMI treated with primary PCI is comparable to that 
observed in our study, at approximately 18%.  (3, 17, 18).

While the increased adoption of the recommend­
ed management strategies for treating STEMI (such as 
invasive therapy, DAPT) has significantly reduced the 
mortality rate among older patients over the past 15 years 
(19), even in the cases of cardiogenic shock (14), the mor­
tality rate remains significantly higher compared to their 
younger counterparts. Topaz et al. demonstrated that 
among STEMI patients undergoing primary PCI from 

the TAPAS registry, those aged 75 years and older had 
both short- and long-term mortality rates more than four 
times higher than those under 75 years (17). Analysis of 
5745 STEMI patients undergoing primary PCI from the 
APEX-AMI trial revealed that patients 65 years and old­
er had an increased 90-day mortality rate (2.3% vs. 4.8% 
vs. 13.1%; >65 vs. 65-74 vs. ≤75 years, respectively). Fur­
thermore, with every decade increase in age, there was a 
two-fold increase in the hazard of 90-day mortality (3). 
Results from the ULTIMASTER registry indicate that 
among STEMI patients treated with PCI using the Ulti­
master stent, those aged ≥ 80 years (7.2%) experienced 
significantly higher one-year all-cause mortality com­
pared to the younger group (10.1% vs 2.3%) (20).

The increased mortality rate associated with advanc­
ing age in STEMI patients, even when managed according 
to current guideline recommendations, may be attribut­
ed to the specific clinical profile of these individuals. 

Firstly, patients aged 65 and over often have numer­
ous comorbidities, particularly hypertension, diabetes 
mellitus, chronic kidney disease, and anemia. Each of 
these, both individually and synergistically, significant­
ly affects the mortality rate, regardless of treatment with    
(21-23). Secondly, the proportion of women with acute 
coronary disease increased with advancing age. In our 
study, approximately 50% of patients aged 75 and old­
er are female, consistent with observations from exist­
ing clinical research (3, 17). It is important to note that 
during menopause, there is a substantial increase in the 
incidence of cardiovascular disease among women (24) 
due to the decline of the protective effect of circulating 
on the endothelium of blood vessels (25). Additional­
ly, it’s well-documented that women tend to experience 
higher mortality rates than men following STEMI, both 

DM-Diabetes mellitus, CKD -Chronic kidney disease

Univariable Analysis
HR (95%Cl)                                                 p value

Multivariable Analysis
HR (95%Cl)                                                                p Value

30 days

65-74 yrs 2.16(0.93-4.99) 0.070 1.39(0.55-3.53) 0.484

≥75 yrs 6.41 (3.00-13.70) 0.000 3.35 (1.28-8.77) 0.013

DM 2.13 (1.12-4.03) 0.021 1.06 (0.52-2.15) 0.872

CKD 4.53 (2.41-8.51) <0.001 2.00 (0.93-4.30) 0.076

Killip 2-4 2.62 (1.38-4.98) 0.003 1.81 (0.91-3.59) 0.091

Complete  
revascularization

0.14 (0.05-0.35) <0.001 0.16 (0.06-0.46) 0.001

1 year

65-74 yrs 2.19 (1.07-4.48) 0.032 1.45 (0.64-3.13) 0.37

≥75 yrs 7.36 (3.85-14.07) 0.000 4.57 (2.05-10.18) 0.000

DM 2.23 (1.30-3.82) 0.004 1.10 (0.60-2.00) 0.764

CKD 3.38 (2.24-6.54) <0.001 1.63 (0.86-3.10) 0.137

Killip 2-4 3.32 (1.94-5.69) <0.001 2.43 (1.36-4.32) 0.003

Complete 
revascularization

0.22 (0.11-0.44) <0.001 0.30 (0.15-0.61) 0.001

Table 4. Predictor of all-cause mortality at 30 days and 1 year
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during hospital stays and at the one-year mark after PCI 
(26). Thirdly, in our study, older patients experienced 
more frequent symptoms and signs of heart failure, as 
well as atrial fibrillation, conditions that are closely asso­
ciated with an adverse prognosis (27, 28). Fourthly, as our 
study observed, the literary data confirmed that patients 
aged 65 and above exhibited significantly higher rates of 
multivessel coronary disease, leading to incomplete re­
vascularization and subsequently contributing to poorer 
outcomes  (27). In contrast, primary PCI was extensively 
performed across all age groups, predominantly using a 
radial approach. The administration of GpIIb/IIIa in­
hibitors was consistent across age groups, suggesting 
uniform treatment protocols despite variations in patient 
age and complexity. As a result, the older patients in our 
study received treatment that adhered to contemporary 
standards, akin to that of their younger counterparts.

Clinical status variations have led to significant dif­
ferences in medical therapy among age groups at hospital 
discharge. Specifically, patients aged 75 years and older 
were prescribed more potent P2Y12 inhibitors less fre­
quently, consistent with their safety profiles, particularly 
given the higher incidence of chronic kidney disease and 
anemia in this demographic. Moreover, diuretics were 
more commonly prescribed to older patients, especially 
those aged 75 and older, due to the frequent presence of 
reduced ejection fraction (EF) in this age group.

CONCLUSION

 In recent years, the number of STEMI patients aged 75 
and older has been increasing, along with a greater bur­
den of comorbidities that significantly impact mortality 
rates. Although these older patients receive optimal inva­
sive and pharmacological treatments, they do not benefit 
from standard treatment protocols to the same degree as 
younger populations. This complexity highlights the ne­
cessity for tailored approaches when managing acute cor­
onary events in elderly patients to address their specific 
clinical and individual needs effectively.
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POVEZANOST STARIJEG ŽIVOTNOG DOBA SA JEDNOGODIŠNJIM 
MORTALITETOM KOD BOLESNIKA SA AKUTNIM INFARKTOM 
MIOKARDA SA ST ELEVACIJOM LEČENIH PRIMARNOM PERKUTANOM 
KORONARNOM INTERVENCIJOM
Aleksandra Milošević1,2, Ivana Janković1, Sofija Glišić2, Žarko Ivanović3, Amin Mehmedović2, Lidija Savić-Spasić1,2,  
Dragan  Matić1,2, Milika  Ašanin1,2

Sažetak

Uvod:  Povećanje očekivane dužine životnog veka je re-
zultiralo većom prevalencom bolesnika s akutnim infark-
tom miokarda sa ST elevacijom (STEMI).

Cilj: Ispitivanje veze između starije životne dobi i jedno-
godišnjeg mortaliteta kod bolensika sa STEMI lečenih 
primarnom PCI.

Metodologija: Studija je obuhvatila 395 bolesnika sa 
STEMI lečenih primarnom PCI u Koronarnoj jedinici u 
periodu jun-decembar 2019. godine. Bolesnici su kate-
gorisani u tri starosne grupe : ≤ 64godine, 65-74 godina i  
≥75 god, pri ćemu grupa ≤ 64godine služi kao referent-
na grupa za poređenje.

Rezultati: Prosečna starost pacijenata uključenih u stu-
diju je bila 62 godine; 27,6% je bilo starosne dobi od 65 
do 74 godine, dok je 15,7% imalo 75 godina ili više. Žene 
su činile 28,7% od ukupnog broja, sa većom zastuplje-

nošću u starijim starosnim grupama. Pacijenti starosti od 
65 do 74 godine i oni stariji od 75 godina su pokazali po-
većanu stopu dijabetesa, hronične bubrežne insuficijen-
cije, anemije i srčane insuficijencije (Killip 2-4). Primena 
primarne PCI je bila  značajno visoka u svim starosnim 
grupama i iznosila je 93,3%, 93,6% i 87,1%, izvedena je 
uglavnom radijalnim pristupom. Rizik od jednogodi-
šnjeg mortaliteta bio je dvostruko veći za one od 64 do 
75 godina i čak sedam puta veći za bolesnike od 75 i više 
godina, pri čemu je starost od 75 godina i više bila neza-
visni prediktor ukupnog mortaliteta.

Zaključak: Stariji pacijenti sa STEMI, posebno oni od 75 
godine i stariji, imaju znatno veću jednogodišnju stopu 
mortaliteta u poređenju sa onima od 64 godine i mla-
đim zbog značajnog opterećenja komorbiditetima  upr-
kos primeni smernicama preporučenoj terapiji. 

Ključne reči: starije osobe, STEMI, primarni PCI, mortalitet
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Summary 
Introduction: Coronary microvascular dysfunction (CMD) has been 
associated with impaired prognosis in patients with ST-elevation 
myocardial infarction (STEMI) despite timely and successful primary 
percutaneous coronary intervention (PCI). Our aim was to compare 
the ability of two different CMD indices, coronary flow reserve (CFR) 
and hyperemic microvascular resistance (HMR), to predict infarct size. 
Methods: The analysis included 31 patients with STEMI in whom 
valid invasive measurements of coronary blood flow velocity with 
the Doppler-tipped coronary wire had been performed at the end 
of primary PCI, and in whom infarct size was determined by cardiac 
magnetic resonance (CMR) after at least 3 months. Receiver operating 
(ROC) curves were used to comparatively assess the capacity of HMR 
and CFR to predict large infarction, defined as the highest quartile of 
the included population (≥16% of the left ventricular mass). 
Results: Invasive measurements at the end of primary PCI revealed 
an average HMR value of 2.72±0.86 mmHg/cm/s, and that of CFR to 
be 1.65± 0.36. Both indices of microvascular function significantly cor-
related with infarct size (rho=0.569, p<0.01, for HMR, and rho= -0.391, 
p=0.029, for CFR). Comparative assessment of ROC curves revealed a 
similar capacity of HMR and CFR to predict large myocardial infarction 
(AUC=0.669, 95%CI 0.472-0.866 for HMR vs. AUC=0.712, 95%CI 0.517-
0.907 for CFR; p=0.718 for comparison). 
Conclusion: Doppler wire-derived HMR and CFR, measured simul-
taneously at the end of primary PCI, exhibited similar capacities for 
predicting large myocardial infarction.  
Keywords: coronary microcirculation, infarct size, primary PCI
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INTRODUCTION

Primary percutaneous coronary intervention (PCI) with 
the resulting recanalization of the infarct-related artery 
(IRA) is the recommended standard of care for patients 
presenting with ST-elevation myocardial infarction 
(STEMI) (1). Early research during the emergence of re­
canalization therapies in the 1990s revealed that, in a sub­
stantial proportion of patients, the myocardium within the 
risk area remained inadequately perfused despite timely 
and successful epicardial artery recanalization (2). Con­
temporary research has confirmed that in around 50% of 
patients undergoing primary PCI, there is residual coro­
nary microvascular injury leading to impaired reperfusion 
at the level of cardiac myocytes, which is ultimately asso­
ciated with increased mortality (3, 4). The injury to the 
coronary microcirculation post primary PCI is nowadays 
most frequently expressed as microvascular obstruction 
(MVO) on cardiac magnetic resonance (CMR) imaging or 
as coronary microvascular dysfunction (CMD) estimated 
by an invasive measurement of coronary f low velocity ei­
ther directly by a Doppler-tipped coronary wire or indi­
rectly by the thermodilution method (5). Both MVO and 
invasive indices of CMD, such as coronary f low reserve 
(CFR) or microvascular resistance, have been associated 
with increased mortality following primary PCI (6-9). As 
microvascular injury has been found to be an indepen­
dent predictor of mortality after STEMI (10), it becomes 
a therapeutic target, with ongoing research efforts to de­
fine optimal treatment strategies to decrease the degree of 
microvascular damage post-primary PCI (11, 12). Infra­
structural constraints associated with the inability to rou­
tinely perform CMR in STEMI have shaped the current 
research paradigm towards stratifying patients at the end 
of primary PCI according to the presence of CMD as as­
sessed by invasive indices of microvascular function, such 
as the index of microcirculatory resistance (IMR) (13, 14). 
This approach is based on a series of studies demonstrat­
ing that different indices of microvascular function, such 
as IMR, hyperemic microvascular resistance (HMR), and 
CFR, have been associated with mortality and heart fail­
ure following primary PCI (6, 7, 14). Several comparative 
studies indicated that resistance indices (IMR or HMR) 
may have been more closely related to MVO or infarct size 
than CFR (15). Pressure at zero f low (PzF), an index con­
sidering extravascular compression, had the best capacity 
to predict structural myocardial damage post MI (6, 16). 
However, the invasive nature of indices of microvascular 
resistance and PzF constrains their use in daily practice. 
Given the correlation of non-invasive, transthoracic dop­
pler echocardiography (TTDE)-derived CFR with the 
invasive, Doppler wire-derived CFR (17), similar predic­
tive ability of invasive CFR and HMR may open the door 
towards a more widespread use of CFR to risk-stratify pa­
tients after STEMI according to their risk of mortality and 
heart failure. Hence, our aim was to comparatively assess 

the ability of HMR and CFR, measured simultaneously at 
the end of a timely and successful primary PCI, to predict 
large infarct size, as a surrogate of an increased risk of fu­
ture mortality and heart failure (18). 

METHODS

Patients

This was a prospective, observational study, which included 
31 patients with valid simultaneous invasive measurements 
of coronary blood flow velocity and distal coronary pres­
sure with a Doppler-tipped intracoronary guidewire in the 
recanalized IRA immediately post primary PCI, for whom 
infarct size assessment on CMR was also available, at least 
3 months after the acute event (CMR was available for 32 
patients). Patients who presented with STEMI, within 12 
hours of chest pain onset, were included if undergoing a suc­
cessful primary PCI, with TIMI 3 flow and residual steno­
sis <20-30% post-PCI. Exclusion criteria were acute heart 
failure or a known history of chronic heart failure, a known 
prior coronary artery disease and the presence of a critical 
stenosis in a non-IRA territory. All patients were treated 
with a loading dose of aspirin (300mg) and either ticagre­
lor 180mg or clopidogrel 600mg, prior to primary PCI, and 
with standard maintenance doses afterwards. Use of Gly­
coprotein IIb/IIIa inhibitors at any point of the procedure 
or post-procedurally, and manual thromboaspiration were 
at the discretion of the operator. Ethics Committee of the 
University Clinical Center of Serbia (protocol code 747/11, 
19 July 2018) approved the protocol, and the research was 
conducted in accordance with the Declaration of Helsinki. 

Study procedures

Immediately after a successful primary PCI, patients un­
derwent simultaneous coronary f low velocity and distal 
coronary pressure measurements by positioning a Dop­
pler-tipped coronary guide wire (ComboWire, Philips 
Volcano, San Diego, California) in the distal segment of 
the recanalized IRA. The simultaneous coronary pres­
sure and f low velocity measurements were performed at 
rest and again after inducing hyperemia by the intracor­
onary injection of adenosine, at least 200 mcg for the left 
anterior descending (LAD) and 100 mcg for the right cor­
onary artery (RCA). Blood f low velocity was expressed 
as average peak velocity (APV) over three heart cycles. 
From those measurements, CFR and HMR were auto­
matically calculated by the ComboMap system (Philips 
Volcano, San Diego, California), which processed the 
data obtained by the ComboWire together with the si­
multaneous ECG and aortic pressure tracings. Fractional 
f low reserve (FFR) was also calculated from the available 
data, as the ratio of distal coronary pressure (Pd) over the 
aortic pressure (Pa). 
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After 3 months (median 7.5 months), patients under­
went cardiac magnetic resonance (CMR) imaging with a 
1.5 Tesla MR-scanner (Magnetom Avanto, Siemens, Er­
langen, Germany). Infarct size was measured as a propor­
tion of the LV mass that is infarcted, as delineated by late 
gadolinium enhancement (LGE) after the administration 
of 0.2 mmol/kg of Gadobutrol (Gadovist, Bayer Inc, Can­
ada).  In addition, CMR measurements included the as­
sessment of left ventricular size and function, as expressed 
by left ventricular ejection fraction (LVEF), end-diastolic 
volume (EDV) and end-systolic volume (ESV). 

Statistics 

After testing for the normality of their distribution with 
the Shapiro-Wilk test, variables with normal distribution 
were presented as means with standard deviation and 
compared with the student t test, whereas variables with 
non-normal distribution were presented as median with 
interquartile range and compared with the Mann-Whit­
ney U test. Counts were used to present categorical vari­
ables, which were compared with the chi-squared test. 
If necessary, correlations between continuous variables 
were assessed using the Pearson (r) or Spearman (rho) 
coefficient. We constructed receiver-operating charac­
teristic (ROC) curves to assess the ability of HMR and 
CFR to predict large infarct size, representing the highest 
quartile of the included population (≥16% of the mass of 
the left ventricle). Optimal HMR and CFR cut-off values 
for the prediction of a large infarction were determined 
using the Youden index. The Delong method was used 
to compare the ROC curves constructed for HMR and 
CFR. The degree of association of HMR and CFR with 
infarct size was explored by constructing multivariable 
regression models with the inclusion of other key predic­
tor variables known at the time of the primary PCI pro­
cedure. P-value <0.05 was adopted as the marker of sta­
tistical significance. SPSS 26.0 (IBM, Chicago, Illinois) 
and GraphPad Prism (La Jola, California) were used for 
all statistical analyses and graph constructions. 

RESULTS

Table 1 lists baseline characteristics of the included pa­
tients. The study population consisted predominantly of pa­
tients with STEMI who underwent primary PCI early after 
chest pain onset (median time to reperfusion was just under 
3 hours). Median age was 59 and 20% were females. The 
procedure was performed via transradial route in all cases, 
and thromboaspiration was utilized in 16%, whereas Glyco­
protein inhibitors (GPI) were administered in 13% of cases. 
The culprit artery was the LAD in two-thirds of patients. In 
almost all of the included patients (90%), the culprit artery 
was occluded at the start of the procedure. In-hospital echo­
cardiography, several days following primary PCI, revealed 

an average LVEF of 45%. Finally, post-PCI ECG established 
the presence of incomplete ST-segment resolution in close 
to 50% of patients, which has been an accepted surrogate for 
coronary microvascular impairment. 
Table 1. Baseline characteristics. 

Baseline clinical and angiographic variables n=31

Age, years, median (IQR) 59 (53-62)

Male, n (%) 26 (84)

Diabetes mellitus, n (%) 6 (19)

Hyperlipidemia, n (%) 24 (77)

Hypertension, n (%) 18 (58)

Time, symptom onset to reperfusion, min, 
median, (IQR)

175 (125-270)

Infarct-related artery LAD, n (%) 21 (68) 

TIMI flow grade 0 before primary PCI, n (%) 28 (90)

Trans-radial access, n (%) 31 (100)

Manual aspiration thrombectomy, n (%) 5 (16)

Glycoprotein IIb/IIIa inhibitors, n (%) 4 (13)

Echocardiography during index hospitalization

Left ventricular ejection fraction, %, mean ± SD 45 ±11

End-systolic diameter, mm, mean ± SD 54 ± 5

End-diastolic diameter, mm, mean ± SD 38 ± 6

Electrocardiography after 90 minutes of primary 
PCI

Incomplete ST-segment resolution, n (%) 15 (48)

IQR – interquartile range, LAD – left anterior descending, PCI – per­
cutaneous coronary intervention, SD – standard deviation.

Table 2 shows the average parameters of intracoro­
nary physiology at the end of the primary PCI procedure. 
Mean HMR was 2.72±0.86 mmHg/cm/s, above the ear­
lier threshold of 2.50 mmHg/cm/s, implying the pres­
ence of CMD in an average patient undergoing primary 
PCI. Similarly, the mean CFR was 1.65±0.36, which is 
below the established threshold of 2.50, also implying 
the presence of CMD. It should be noted that the average 
value of FFR was 0.92, which likely suggested no signifi­
cant residual disease, confirming that the obtained CFR 
values primarily ref lected microvascular function. 
Table 2. Invasive measurements of coronary pressure and flow at the 
end of primary PCI. 

Coronary physiology by Doppler wire n=31

APV resting, cm/s, mean ± SD 21.00 ± 6.05

APV hyperemic, cm/s, mean ± SD 34.58 ± 12.48

Pa, resting, mmHg, mean ± SD 93.48 ± 11.71

Pd, resting, mmHg, mean ± SD 89.45 ± 12.29

Pa, hyperemic, mmHg, mean ± SD 88.71 ± 12.52

Pd, hyperemic, mmHg, mean ± SD 81.90 ± 11.64

CFR, mean ± SD 1.65 ± 0.36

HMR, mmHg/cm/s, mean ± SD 2.72 ± 0.86

FFR, mean ± SD 0.92 ± 0.04

APV – average peak velocity, Pa – pressure aorta, Pd – pressure distal, 
CFR – coronary flow reserve, HMR – hyperemic microvascular resi­
stance, FFR – fractional flow reserve, SD – standard deviation.
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When intracoronary physiology parameters were 
compared between patients with large and small infarct 
size (Table 3), a tendency was observed towards higher 
HMR values and lower CFR values in patients with large 
infarcts, pointing towards an association of CMD with 
the size of infarction (2.58 ±0.84 mmHg/cm/s vs. 3.04 
±0.84 mmHg/cm/s, p=0.177, for HMR and 1.73 ±0.38 
vs. 1.48 ±0.25, p=0.084, for CFR, in small and large in­
farctions, respectively). 

This tendency was confirmed by a finding of mod­
erate but significant correlation between both HMR 
(rho=0.569, p<0.01) and CFR (rho=-0.391, p=0.029) with 
infarct size expressed as a continuous variable (Figure 1). 

Both HMR (AUC 0.669, 95%CI 0.472-0.866) and 
CFR (AUC 0.712, 95%CI 0.517-0.907) had similar ca­
pacity (p=0.718 for the comparison of ROC curves) to 

predict large infarct size (defined as ≥16% of the LV mass) 
(Figure 2). 

Optimal cut-off values to predict large infarct size were 
2.25 mmHg/cm/s for HMR and 1.45 for CFR. Median 
infarct size in the overall population was 11.50% (6.75-
16.00) and it was significantly larger in patients with HMR 
≥2.25mmHg/cm/s (15.00% vs. 4.00%, p<0.001). Similar­
ly, patients with CFR <1.45 had significantly larger medi­
an infarct size compared with those with values above this 
cut-off (15.50% vs. 9.00%, p=0.007). In the univariable 
regression analysis, both HMR≥2.25 mmHg/cm/s and 
CFR≤1.45 were significantly associated with the infarct 
size as a continuous variable. However, when adjusted 
for clinical variables known at the time of primary PCI, 
HMR≥2.25 mmHg/cm/s remained an independent pre­
dictor, whereas CFR≤1.45 was not (Table 4). 

Small infarct size 
( <16% of the LV)

n=22

Large infarct size (≥16% of 
the LV)

n=9

p-value

Invasive coronary physiology at the end of primary PCI

APV resting, cm/s, mean ± SD 21.55 ±6.89 19.67 ±3.16 0.442

APV hyperemic, cm/s, mean ± SD 36.77 ±13.73 29.22 ±6.59 0.128

Pa, resting, mmHg, mean ± SD 93.32 ±11.14 94.80 ±13.26 0.745

Pd, resting, mmHg, mean ± SD 90.00 ±11.86 88.90 ±13.38 0.817

Pa, hyperemic, mmHg, mean ± SD 88.59 ±11.93 89.00 ±14.64 0.936

Pd, hyperemic, mmHg, mean ± SD 81.64 ±11.75 82.56 ±12.04 0.846

CFR, mean ± SD 1.73 ±0.38 1.48 ±0.25 0.084

HMR, mmHg/cm/s, mean ± SD 2.58 ±0.84 3.04 ±0.84 0.177

FFR, mean ± SD 0.92 ±0.05 0.91 ±0.03 0.508

Left ventricular structure and function at follow-up

Ejection fraction, %, mean ± SD 55.00 ±6.22 36.89 ±7.90 <0.001

End-diastolic volume, ml, mean ± SD 150.86 ±33.14 220.33 ±59.77 <0.001

End-systolic volume, ml, mean ± SD 71.14 ±22.13 142.33 ±57.57 <0.001

Infarct size, %, median, IQR 10.50, 3.75-12.25 19.50, 16.00-23.75 <0.001

Table 3. Invasive coronary physiology in the culprit artery at the end of primary PCI and parameters of left ventricular structure and function 
on CMR after 3 months according to the infarct size. 

APV – average peak velocity, Pa – pressure aorta, Pd – pressure distal, CFR – coronary flow reserve, HMR – hyperemic microvascular resi­
stance, FFR – fractional flow reserve, SD – standard deviation, IQR – interquartile range. 

Figure 1. Significant correlation between coronary microvascular dysfunction and infarct size. Panel A. Increase in HMR values correlates 
with an increase in infarct size. Panel B. Decrease in CFR values correlates with an increase in infarct size. 
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DISCUSSION

The main findings of our study are the following. First, 
both HMR and CFR, when measured at the end of a suc­
cessful primary PCI, correlate significantly with infarct 

size. Second, HMR and CFR showed similar ability to 
predict large infarct size, defined as the highest quartile 
of the study population. Those findings need to be in­
terpreted in the context of previous research in this field, 
which has both evaluated the prognostic value of differ­
ent indices of microvascular function and explored its 
practical application as a means of patient stratification 
and therapy guidance to achieve better outcomes post 
primary PCI (5, 12, 13, 15, 16, 19, 20). 

Teunissen et al. established the ability of HMR to predict 
microvascular injury (MVI) in a contemporary primary PCI 
setting, with values ≥2.5 mmHg/cm/s independently pre­
dicting MVI on CMR  (19). MVI was defined akin to MVO, 
as hypointense areas within the infarcted, hyperintense 
myocardium on late gadolinium enhancement, assessed 
4-6 days after primary PCI. The average HMR in the IRA 
immediately after recanalization was 2.87 ± 1.45 mmHg/
cm/s, closely aligning with our findings of 2.72 ± 0.86 
mmHg/cm/s. Post-primary PCI CFR was 1.80±0.80, also 
similar to our findings (1.65± 0.36). Although the primary 
result of Teunissen et al. was to demonstrate the ability of 
HMR, unlike CFR, to predict MVI, it also reported a signif­
icant correlation of HMR with infarct size on CMR on day 
4-6 (r=0.41, p<0.01) and the significantly larger infarcts at 3 
months in patients with HMR≥2.5 mmHg/cm/s (15.1% vs. 
9.9%) (19). In our study, the correlation between HMR and 
infarct size on CMR at least 3 months after primary PCI 
was even stronger (rho=0.569, p<0.01; Figure 1). More­

Figure 2. ROC curves comparison for the capacity of HMR vs. CFR 
to predict large infarct size. 
Comparison of ROC curves showing similar capacity (p=0.718) of 
HMR (blue curve) and CFR (red curve) to predict large infarct size 
(≥16% of the left ventricular mass). 

Univariable** analysis Multivariable analysis

Beta (95% CI) p Beta (95% CI) p 

Age -0.045
(-0.685 – 0.594) 0.885

Sex 2.000
(-9.492 – 13.492) 0.724

Diabetes  -7.000
(-15.559 – 1.559) 0.105

Hypertension -2.000
(-11.136 – 7.136) 0.658

Hyperlipidemia 0.000
(-10.109 – 10.109) 1.000

Time to reperfusion 0.008
(-0.022 – 0.038) 0.573

Infarct-related artery LAD 6.000
(2.369 – 15.631) 0.010 3.455

(0.967 – 11.033) 0.021

Incomplete ST-segment resolution 5.000
(-2.330 – 12.330) 0.174

HMR≥2.25mmHg/cm/s 11.000
(5.413 – 16.587) <0.001 8.000

(2.638 – 13.362) 0.005

CF≤1.45 -7.000
(-13.942 – 0.058) 0.048 -3.000

(-8.110 – 2.110) 0.239

*The reported results are from the quantile regression analysis with a quantile value set at 0.5. 
**Baseline variables routinely obtained at the start of primary PCI or in the immediate periprocedural period are tested as predictors of infarct 
size, as measuring microvascular function during primary PCI may be actionable if it is of added value above and beyond the already known 
parameters. Those variables with p<0.100 from the univariable regression analysis are included into the multivariable regression analysis.

Table 4. Predictors of infarct size*. 
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over, the ability to classify patients with large final infarct 
size (after at least 3 months) according to the study-specific 
HMR cut offs was very similar in both studies. In our study, 
patients with HMR≥2.25 mmHg/cm/s had average infarct 
size of 16% of the left ventricle mass, whereas patients with 
HMR≥2.5 mmHg/cm/s had average infarct size of 15.1% 
in the study by Teunissen et al (6). On the other hand, our 
study did demonstrate similar ability to predict infarct size 
by CFR, whereas no such data were reported by Teunissen 
et al. Our results reinforce earlier studies, which showed the 
ability of CFR measured with the Doppler wire in the IRA 
immediately after recanalization, as in our study, to predict 
LV structural and functional recovery after STEMI (21). At 
the same time, CFR was shown to predict MVO on CMR 
in other studies utilizing the thermodilution method, but 
with a very low specificity (34% and sensitivity of 79%) 
(22), likely explaining why in the study by Teunissen et al. 
HMR was a better predictor, especially of the high-extent 
MVO (specificity 65% and sensitivity 93%) (19). A possible 
explanation is that different indices, such as microvascular 
resistance (IMR or HMR) or flow reserve (CFR), may re­
flect different pathways of microvascular destruction (4), 
resulting in a variable association of individual indices with 
MVO or infarct size on CMR. 

In practical terms, if invasive indices of microvascular 
function, which are available immediately after primary 
PCI, are associated with clinical outcomes, they can be 
used to guide adjunctive therapeutic strategies (13). Al­
though previous studies suggested that CFR, HMR and 
IMR are associated with mortality and heart failure af­
ter primary PCI (6, 7, 22), recent comparisons indicated 
better ability of HMR (Doppler-derived hyperemic mi­
crovascular resistance) (6) and IMR (thermodilution-de­
rived index of microcirculatory resistance) (15) over 
CFR to stratify patients according to the risk of mortal­
ity and heart failure. Recent efforts to standardize risk 
stratification after primary PCI favored IMR due to the 
wealth of studies utilizing this thermodilution-derived 
index, which has been seen as a more practical alternative 
to Doppler wire-based measurements that may require 
more time and effort to obtain (5, 13). However, the quest 
for an optimal index of microvascular injury to guide any 
adjunctive therapies targeting coronary microcircula­
tion after STEMI is still on-going, as more information 
become available about the multifactorial process of 
microvascular injury and its impact on subsequent clin­
ical events (4, 23, 24). The injury to coronary microvas­
culature may be associated with myocardial edema and 
eventually lead to intramyocardial hemorrhage, which 
has been more closely associated with increased mortal­
ity and heart failure than MVO (25). Intracardial edema 
and hemorrhage may exert extravascular pressure on the 
microvasculature (26), which may be best captured by 
pressure at zero f low (PzF), i.e., pressure at which ante­
grade coronary f low would cease, an index derived from 
simultaneous coronary pressure and f low tracing of a 

Doppler-tipped coronary guide wire. In a study by Patel 
et al., PzF (AUC=0.94) has been more closely related to 
large infarct size, defined as ≥24% of the LV mass, than 
HMR (AUC=0.74) or IMR (AUC=0.54) (16). 

From the above-described studies comparing different 
indices of microvascular function, it seems to follow that a) 
PzF has the strongest capacity to predict infarct size (16), 
b) MVO on CMR can be predicted by both HMR (6) and 
IMR (15) better than CFR, and c) HMR and IMR seem to 
be superior to CFR in predicting mortality and heart fail­
ure (6, 22). Our study adds that CFR may have comparable 
ability to predict large infarct size as HMR. As large infarct 
size is associated with mortality and heart failure (18), our 
results support some of the previous studies showing the 
association of post-primary-PCI CFR with clinical out­
comes (7). But the weaker association of CFR with MVO 
and intramyocardial hemorrhage, which both have been 
shown to predict mortality and HF independently of in­
farct size (10, 25), may explain the inferiority of CFR when 
compared to HMR and IMR in other studies. 

In summary, our study did show comparable ability of 
invasively obtained HMR and CFR to predict large infarct 
size, which may be of practical relevance given the possi­
bility of non-invasive echocardiography-derived CFR as­
sessment (17) and the ability of CFR to provide prognostic 
information across a broad spectrum of cardiac diseas­
es (27). However, our results should be interpreted with 
caution and in the aforementioned context of previous 
comparative analyses demonstrating better microvascu­
lar resistance indices (HMR and IMR) ability to predict 
MVO on CMR and clinical outcomes in the follow-up. 
Given the heterogeneity of post-STEMI changes in the 
myocardial structure and function, with infarct size, MVO 
and intramyocardial hemorrhage all being associated with 
mortality and heart failure, any one index of microvascu­
lar function may only represent a partial assessment of the 
damage conferred by the sequence of IRA occlusion and 
recanalization. Future research is needed to demonstrate 
which of the available invasive indices of coronary micro­
circulation may provide optimal patient stratification and 
therapeutic guidance at the end of the primary PCI. 

The presented results need to be interpreted bearing 
in mind several important limitations. First, a limited 
number of patients. However, most of the original re­
search that assessed indices of microvascular function 
in STEMI included a comparable patient population size 
(n=30-60). Second, no detailed MVO data were avail­
able for this analysis. Although our analysis did show a 
comparable predictive capacity between HMR and CFR 
in terms of predicting large infarct size, the correlation 
of CFR with infarct size was weaker, and CFR, unlike 
HMR, did not remain independently associated with 
infarct size after adjusting for other baseline predictors. 
Third, PzF was not available for this analysis. Given pre­
vious data on the supremacy of PzF over HMR and IMR, 
comparing PzF with HMR and CFR would have provid­
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ed additional value to our analysis. Fourth, the known 
practical difficulty of routinely obtaining adequate intra­
coronary Doppler signals limits the applicability of our 
findings to everyday practice. 

CONCLUSION

Invasive CFR and HMR, obtained by a Doppler-tipped 
coronary guide wire in the recanalized infarct-related 
artery, have similar capacity to predict large infarct size. 
Further research is needed to understand which index of 
microvascular function can be effectively used at the end 
of primary PCI to guide adjunctive therapies aimed at 

ameliorating microvascular injury and improving overall 
prognosis post-STEMI. 
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POVEZANOST RAZLIČITIH INDEKSA DISFUNKCIJE KORONARNE 
MIKROCIRKULACIJE SA VELIČINOM INFARKTA NAKON PRIMARNE 
PERKUTANE KORONARNE INTERVENCIJE
Dejan Milašinović1

Sažetak

Uvod: Ranija istraživanja pokazala su da je kod bolesni-
ka sa infarktom miokarda sa elevacijom ST-segmenta 
(STEMI), stepen disfunkcije koronarne mikrocirkulacije 
nakon primarne perkutane koronarne intervencije (PCI) 
povezan sa lošijom prognozom. Cilj ovog rada bio je da 
uporedi sposobnost dva različita indeksa disfunkcije 
koronarne mikrocirkulacije, koronarne rezerve protoka 
(CFR) i hiperemijske mikrovaskularne rezistencije (HMR), 
da predvide veličinu infarkta nakon primarne PCI. 

Metode: Analiza je obuhvatila 31 bolesnika sa STEMI i 
validnim invazivnim merenjima brzine koronarnog pro-
toka Dopler metodom na kraju primarne PCI, a kod kojih 
je magnetnom rezonancom srca (CMR) nakon najmanje 
3 meseca procenjena veličina infarkta. Poređenjem ROC 
krivih ispitana je sposobnost CFR i HMR da predvide veli-
ki infarkt miokarda, koji je bio definisan kao najviši kvar-
til analizirane populacije (≥16% mase leve komore). 

Rezultati: Merenjem na kraju primarne PCI utvrđena je 
srednja vrednost HMR od 2.72±0.86 mmHg/cm/s, dok je 
u isto vreme srednja vrednost CFR bila 1.65± 0.36. Oba 
indeksa mikrovaskularne disfunkcije značajno su kore-
lisala sa veličinom infarkta (rho=0.569, p<0.01, za HMR, 
i rho= -0.391, p=0.029, za CFR). Uporedna analiza ROC 
krivih pokazala je sličan kapacitet HMR i CFR da klasifiku-
ju bolesnike prema riziku od velikog infarkta miokarda  
(AUC=0.669, 95%CI 0.472-0.866 za HMR vs. AUC=0.712, 
95%CI 0.517-0.907 za CFR; p=0.718 za poređenje dva in-
deksa). 

Zaključak: Vrednosti HMR i CFR dobijene invazivnim 
merenjem Dopler žicom nakon rekanalizacije infarktne 
arterije imaju sličnu sposobnost da predvide veliki in-
farkt nakon primarne PCI. 

Ključne reči: koronarna mikrocirkulacija, veličina infarkta, primarna PCI
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Summary 
Introduction: Mastocytes (Ms) are usually localized close to microves-
sels and terminals of the nerves innervating meninges and visceral or-
gans. The granules of Ms contain numerous mediators that affect nerve 
cells and modify their reactions.
Aim: Our study was conducted with the aim of analyzing the presence 
and localization of Ms, and mastocytes density (MsD) in three segments 
of the human trigeminal ganglions (TGs): ophthalmic, maxillary and 
mandibular, as well as in two parts: upper and lower, of the sympathetic 
superior cervical ganglions (SSCGs), and establishing the correlation be-
tween the studied parameters.
Material and Methods: Five TGs and five SSCGs of adult individuals 
were processed for this histochemical and immunohistochemical anal-
ysis. The sections are serially sliced and stained with hematoxylin and 
eosin and the trichrome method of Masson, as well as for the mastocyte 
tryptase immunostaining.
Results: The average number of tryptase-positive (Tryp+) Ms in the 
marked fields on the microscope, the MsD, was 1.4 in the ophthalmic 
parts, 1.45 in the maxillary parts, and 1.5 in the mandibular parts of TGs. 
The median of numbers of Tryp+ Ms in fields on the microscope was 
4.5 (from 2 to 6 Ms) in the upper segments, and 5 (from 3 to 6 Ms) in the 
lower segments of SSCGs. The distributions of Ms in three parts of the 
human TGs and two segments of the SSCGs were evenly distributed with 
no special morphological peculiarities. This is the first micromorphologi-
cal analysis of the Tryp+Ms and MsD in human TGs and SSCGs.
Conclusion: We did not find a statistically significant difference between 
the means of MsD in the three segments of the TG (p = 0.883). We did 
not find a statistically significant differences between the MsD groups in 
two segments of the SSCGs (p = 0.899). We found statistically significant 
differences in MsD of Tryp+ Ms between TG and SSCG (p<0.001). MsD in 
two parts of the SSCG was significantly higher than MsD in three parts 
of TG.
Keywords: micromorphological analysis, mastocytes, mastocytes den-
sity, sympathetic superior cervical ganglion, trigeminal ganglion
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INTRODUCTION

The story of mast cells dates back to 1878, when Paul 
Ehrlich, in his doctoral thesis on the properties of his­
tological stains, introduced the medical community to 
this previously unknown cell type (1). While doing ex­
periments, Ehrlich noticed a new type of aniline reactive 
cells in connective tissue, as granular cells with spherical 
shape and dimensions bigger than known leukocytes (1). 
He named these cells “mastzellen”, suggesting that they 
have characteristics of fixed cells of connective tissue (1).

Mastocytes derive from the bone marrow, from the 
stem cells of myeloid lineage (2). Their expansion and 
maturation happen in bone marrow by the inf luence of 
many cytokines, such as colony stimulating factor (CSF) 
and nerve growth factor (NGF) (2, 3). The specific char­
acteristic of mastocytes is their tissue residence and not 
presence in the bloodstream (which is a property of most 
of the myeloid lineage cells) (2). Stem cells of myeloid lin­
eage differentiate into mastocyte precursor cells, which 
migrate through the blood to the tissues. In tissues, 
mastocyte precursors differentiate into mastocytes (4). 
The differentiation of mastocytes is a very complex and 
specific process in which many other cells, neuropeptides 
and cytokines take part (2, 4-6). These substances work 
under strictly controlled conditions, which is essential for 
the differentiation and maturation of mastocytes (6).

Mastocytes are cells of the immune system. Their di­
ameter varies from 10 to 20 µm and they are usually oval 
in shape (6). In the cytoplasm of mastocytes numerous 
granules are detected. These granules are basophilic, with 
a diameter of 0.3-2 μm and they exhibit metachromat­
ic staining characteristics (1, 6). These granules contain 
many classic mediators such as: proteases (most common 
in mastocytes are chymase and tryptase), growth factors 
(transforming growth factor, nerve growth factor, vascu­
lar endothelial growth factor, etc.), proinflammatory cy­
tokines (leukotrienes, prostaglandins) and chemokines, 
tumor necrosis factor (TNF), proteoglycans (most com­
mon heparin), biogenic amins (serotonin, histamine), neu­
ropeptides (SP, CGRP, VIP, CRH and many others) (4-7). 

Mastocytes are well-known participants in the in­
f lammatory process and as of today more research has 
proven the orchestrating function of mastocytes in in­
f lammatory reactions (2). Antibody-dependent mecha­
nisms can stimulate mastocytes to release their numerous 
substances of inf lammation (2). Mastocytes are usual­
ly localized close to microvessels and terminals of the 
nerves innervating meninges and visceral organs (2, 8). It 
is believed that the membranes of mastocytes and nerve 
cells are in such a close contact that they even exchange 
the contents of granules. Many experiments approved the 
inf luence of mastocytes on neurogenic inf lammation (2, 
4, 6-9). Neurogenic inf lammation is a very complex pro­
cess that involves interactions between the nervous and 
vascular systems (2). The process starts with peripheral 

nerve sensitization when sensitized terminals of periph­
eral nerves release proinf lammatory mediators, like SP 
(substance P) and CGRP (calcitonin gene-related pep­
tide) (2, 8). This release provokes plasma extravasation 
and vascular dilatation (2). At the same time, CGRP and 
SP have effect on mastocytes, causing their activation 
(2). Activated and degranulated mastocytes release me­
diators from their granules which affect nerve terminals 
to release even more proinf lammatory substances (2, 8). 
These actions form a vicious cycle in which more and 
more mastocytes are activated, more nerve terminals are 
sensitized, which causes the amplification of neurogenic 
inf lammation (2).

Mastocytes degranulation and activation are import­
ant factors in pathogenesis of many medical conditions 
(2). Their most known role is in allergies and anaphylax­
is, but in the past few decades their contribution to the 
persistent state of pain (such as in migraine) has been 
reported (2, 8). It is believed that mastocyte – sensory 
nerve interactions take a big part in the pathophysiology 
of migraine (8). According to some studies, mastocytes 
contribute to neuropathic pain, but also pelvic pain and 
osteoarthritis (8). The latest studies show the function of 
mastocytes in sickle cell disease, atopic dermatitis, psori­
asis and cancer (2, 10-13). 

Our study was conducted with the aim of analyzing 
the presence of mastocytes and mastocyte density (MsD) 
in three segments of the human trigeminal ganglions 
(TGs): ophthalmic, maxillary and mandibular, as well as 
in two segments: upper and lower of the sympathetic su­
perior cervical ganglions (SSCGs), and establishing the 
correlation between the studied parameters.

MATERIAL AND METHODS

Histological and immunohistochemical study

Five human trigeminal ganglions (TGs) and five sympa­
thetic superior cervical ganglions (SSCGs) of adult in­
dividuals were processed for this histochemical and im­
munohistochemical study. Each ganglion was removed 
after specific dissection of the Meckel’s trigeminal cave, 
for the TG, and the highest part of the posterior neck, for 
the SSCG. We used the isotonic saline solution for the 
immersion of obtained ganglions, and fixed them in 4% 
buffered formalin. After dehydratation, specimens were 
embedded in paraffin and serially sliced using the Leica 
RM2235 rotary microtome. The sections were serially 
stained with hematoxylin and eosin, the next with the 
trichrome method of Masson, as well as the next with 
the mastocyte tryptase immunostaining. We prepared 
sets of plates from every specimen of ganglion. We treat­
ed all specimens for the immunohistochemical staining 
for antigen retrieval after deparaffinization. The incu­
bation of the slices with 3% hydrogen peroxide solution 
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was performed to block the endogenous peroxidases. The 
immunostaining occured by the treatment of slices with 
the following mouse monoclonal primary antibody an­
ti-mastocyte tryptase (DAKO A/S, M 7052, Denmark, 
1:100). We visualized the bound antibodies after stain­
ing with a secondary antibody, after use a Mouse/Rab­
bit PolyDetector DAB HRP Brown (Bio SB) detection 
system. We counterstained the sections with Mayer’s he­
matoxylin, dehydrated them and covered with glass slips. 
Two independent researchers semi-quantitatively as­
sessed the intensity of staining. The intensity of immune 
reaction has been identified as very positive (+++). The 
quality of immunostaining was tested using the negative 
control, by incubating the slices with non-immune se­
rum without primary antibody. The colored plates were 
examined under a light microscope (Leica DMLS) and 
photographed using a digital camera (Leica DFC295). 
Morphometric analyses were performed using image 
analysis software (Leica Interactive Measurements). 
This research protocol and examination have been ap­
proved by the authorities of the Institute of Histology 
and Embryology, the Institute of Anatomy, the Institute 
of Pathology and the Ethics Committee of the Faculty of 
Medicine (No. 1322/VII-23, Date 07.07.2022).

Morphometric examination

Mastocytes density (MsD) was defined as the average 
number of immunostained mastocytes identified in mi­
croscopic fields of analyzed ganglionic tissue. The num­
ber of mastocytes was counted in three microscopic fields 
of the TG parts (ophthalmic, maxillary and mandibular) 
in 10 slices per TG at x400 magnification (objective lens 
40× and ocular lens 10×), and in two microscopic areas of 

the SSCG parts (upper and lower). The arithmetic mean 
of the 20 fields of each of the 5 ganglions, measuring 
341.7 µm × 250.0 µm of each size, with a corresponding 
area of 85425 µm2 (0.085 mm2) per field, was calculated 
for the number of mastocyte count. 

Statistical analysis

For statistical analysis we used the IBM SPSS Statistics 
25.0 statistical software package (SPSS, Inc., Chicago, 
IL, USA). We performed statistical procedures of de­
scriptive statistics (median, mean) of the measured data, 
the Mann-Whitney test for independent samples and 
Kruskal-Wallis test with Bonferroni’s correction. The 
normality of distribution was tested applying the Kolm­
ogorov-Smirnov test. The probability level of p<0.05 was 
considered as a statistically significant difference.

RESULTS

The trigeminal ganglion (TG) is the largest sensory gan­
glion as a part of the trigeminal nerve. It is made up of 
pseudounipolar nerve cells. It can be subdivided into 
three segments in relation to the three branches that orig­
inate from the TG. Our study of the micromorphological 
description of mastocytes also showed the exact morpho­
metric characteristics of tryptase-positive mastocytes in 
the TGs (Figure 1A and Figure 1B). The mastocytes 
were oval in shape (Figure 2). The results presented in 
Table 1 clearly show that each microscopic area of the 
ophthalmic segment of the TG contained from 0 to 6 
(median 1, mean 1.4) mastocytes (Figure 2A). The max­
illary segment of the TG showed from 0 to 5 Ms (median 

Figure 1. Microanatomical description of the trigeminal nerve (TN) and human trigeminal ganglion (TG) unite: A – anatomical dissection 
(view from above to the base of skull); B – histological TN-TG specimen stained with the Masson trichrome method. The intracranial part 
of TN (1), close to the pons composed of myelin originated from oligodendrocytes (1̌ ). Intracaval plexiform part of TN (2) forms the TG, 
with ganglionic nerve cells in the ophthalmic (V1), maxillary (V2) and mandibular (V3) segments. Microanatomical description of the sym­
pathetic superior cervical ganglion (SSCG): C – anatomical dissection (view from behind after removal of the vertebral column); D – SSCG 
section stained with the trichrome staining method of Masson. SSCG (1), posterior to the internal carotid artery (2), internal jugular vein (3) 
and vagus nerve (4). Upper (5) and lower (6) parts of the SSCG.
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1, mean 1.45) (Table 1) (Figure 2B). The MsD presented 
in the mandibular segment had from 0 to 5 mastocytes per 
microscopic field of the TG (median 1, mean 1.5) (Table 
1) (Figure 2C). Using the Kruskal-Wallis test, we did not 
find a statistically significant difference in MsD between 
the three segments of the TG (p = 0.883) (Figure 4).

Our sections showed the rare presence of the tryptase 
positive mastocytes (Ms) between the TN axons them­
selves, always near the longitudinal microvessels that 
accompany the nerve fibres. The numerous populations 
of Ms were identified in the subdural connective tissue 
surrounding the TG.

The sympathetic superior cervical ganglion (SSCG) 
is located deep in the lateropharyngeal space, posterior 
to internal jugular vein and the internal carotid artery. It 
contains multipolar sympathetic neurons. Topograph­
ically, it can be subdivided into an upper part, which 
sends axons to the internal carotid nerves, and a lower 
part, from which axons for external carotid nerves orig­
inate. Our analysis also included the exact morphomet­
ric characteristics of Ms in the SSCGs and surrounding 
area (Figure 1C and Figure 1D). The tryptase-positive 
brownish mastocytes (Ms), oval in shape, had a different 
mean radius (Figure 3). As shown in Table 1 each micro­
scopic area of the proximal segments of the SSCGs con­
tained from 2 to 6 (median 4.5, mean 4.35) mastocytes 
(Figure 3A and Figure 3B). The mastocytes density 
(MsD) of the distal segments of the SSCGs had from 3 

to 6 (median 5, mean 4.45) Ms (Table 1) (Figure 3C and 
Figure 3D). We did not find a statistically significant dif­
ferences between the MsD groups in two segments of the 
SSCGs (p = 0.899) (Figure 4).

Tryptase-positive mastocytes (Tryp+ Ms) were very 
often located among the nerve fibers of sympathetic 
nerves, usually close to microvessels, and in the perigan­
glionic fibrous tissue.

Kruskal-Wallis test showed overall statistically signif­
icant differences in MsD between the three segments of 
trigeminal ganglions: ophthalmic, maxillary and man­
dibular, and two microscopic segments of the SSCG: 
proximal and distal (p<0.001) (Table 1) (Figure 4).

DISCUSSION

The most common localization of mastocytes is in parts 
of the body that communicate with outer environment, 
such as mucosa of the digestive system, mucosa and sub­
mucosa of the respiratory system, brain, skin, hair folli­
cles and dura mater (6). Some studies explain that masto­
cytes are connected to endothelial cells of blood vessels 
owing to the connections between their membranes and 
that they take part in forming the so-called perivascular 
environment (6). Our research demonstrated the homog­
enous and modest presence of Tryp+ Ms in all three parts 
of the TG. According to our research the mean number of 

Figure 2. Nerve cells of T Ginophthalmic, V1 (A), maxillary, V2 (B) and mandibular, V3 (C) segments of the TG with satellite glial cells. Rare 
tryptase-positive mastocytes close to the nerve cells are labeled with arrows (mastocytes tryptase immunostaining, MsTryp).

Figure 3. (A) Proximal segment of SSCG section and (B) a detail of closer view with tryptase-positive mastocytes (arrows) close to the 
ganglionic nerve cells (Ms tryptase immunostaining, MsTryp). (C) Distal segment of SSCG section and (D) a detail of closer view with trypt­
ase-positive mastocytes (arrows) close to the ganglionic nerve cells (mastocytes tryptase immunostaining, MsTryp).
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Tryp+ Ms found in the three segments of TG was 1.4 in 
the ophthalmic, 1.45 in the maxillary and 1.5 in the man­
dibular segment. Our earlier preliminary study of micro­
vascularization, also referred to MsD in TGs, identified, 
among other findings, very similar results to the current 
values: the mean number of Tryp+ Ms in TGs was 1.34 
in the ophthalmic, 1.26 in the maxillary and 1.46 in the 
mandibular part (14). Reviewing the available literature, 
we did not find any similar studies reporting results on 
the number of Ms in the TGs. The findings of the present 
research indicated the homogenous presence of Tryp+ 
Ms in the proximal and distal segments of the SSCGs, 
and the MsD had a value of 4.35 and 4.45 respectively. 
Comparing our findings with the previous results, 4.5 
and 4.7 of Tryp+ Ms per field, from an extended exam­
ination of micromorphological characteristics of sympa­
thetic neurons in the SSCGs, we absolutely confirmed 
the values of MD found in the two examined parts of 
SSCGs (15). This original contribution to the scientific 

literature, with no similar results is the first description 
of the MsD in the SSCGs.

Our final comparison of higher average value of MsD 
in two parts of the SSCGs with the lower number of 
mastocytes identified in three parts of the TGs showed 
a statistically significant difference in MsD of Tryp+ Ms 
between TG and SSCG. There are rare attempts to ex­
plain the role of Ms in the two studied ganglions, as well 
as their inf luence on neurons function. The assumption 
is that the above results on the presence of Ms indicate 
that the release of stress hormones occurs in response 
to physiological stress, activating Ms, which leads to the 
excitation of ganglionic nerve cells in the SSCG (16). 
Sympathetic vasoconstriction of the brain arteries and 
arterioles is a consequence of stimulation of SSCG gan­
glionic neurons. Restriction of cerebral circulation and 
reduction of pressure in microvessels is a mechanism by 
which the brain is protected from increased intra-arteri­
al pressure (17). Cerebral vasospasm as a consequence of 

Figure 4. Comparison of mastocytes density (MsD) defined by MsTryp in microscopic areas of the SSCG parts: proximal and distal; no 
statistically significant differences were found between two groups (p = 0.899). Comparison of mastocytes density (MsD) in three segments 
of TGs: ophthalmic, maxillary and mandibular; no statistically significant differences were found among three segments (p = 0.883). Quanti­
tative analysis revealed that MsD in two parts of the SSCG was significantly higher than MsD in three parts of TG (p<0.001), Kruskal-Wallis 
test and Bonferroni multiple comparison test.

Number of mastocytes/area median (range)
mean

p-value p-value 
overall

Trigeminal ganglions

Ophthalmic 
segment

1 (0-6)
1.4

0.883

<0.001

Maxillary 
segment

1 (0-5)
1.45

Mandibular 
segment

1 (0-5)
1.5

Sympathetic superior 
cervical ganglions

Proximal part 4.5 (2-6)
4.35

0.899
Distal part 5 (3-6)

4.45

Table 1. Mastocytes density (MsD) in three segments of the trigeminal ganglions (TGs): ophthalmic, maxillary and mandibular, and in two 
parts of the sympathetic superior cervical ganglions (SSCGs): proximal and distal.  



122 |

Medicinska istraživanja 2025; 58(2):117-123

subarachnoid hemorrhage following aneurysm wall rup­
ture is causally related to neuroinf lammation, which may 
also have activation of Ms from the TG and SSCG as a 
potential factor in its occurrence (18, 19). The question 
is whether the number of Ms can have a specific effect on 
the stimulation and function of ganglion nerve cells in the 
SSCG. Larger number of Ms in the vicinity to the nerve 
fibers and nerve bodies, possibly change the function of 
neurons, and augment nerve damage, inf lammation and 
nociception to induce hyperalgesia (6). Mastocytes have 
role both in peripheral and central sensitization (2). Neu­
rogenic inf lammation starts with peripheral nerve sen­
sitization. Central sensitization is a state of continuous 
excitation of nociceptive neurons of the central nervous 
system (2). Mastocytes present in the dura mater, brain 
and ganglions may have direct interactions with these 
nociceptive neurons (2, 10). These interactions depend 
not only on the proximity of mast cells to nociceptive 
neurons and their pathways, but also on their complex in­
terplay with surrounding glial cells—including satellite 
glial cells within ganglia (2). All of these factors trigger 
the release of substances from mastocytes and glial cells, 
thereby amplifying neuroinf lammation (2). Some stud­
ies suggest that quite a small number of mastocytes in the 
brain is sufficient to cause neuroinf lammation and for 
this reason mastocytes are thought of as pivotal partici­
pants of central sensitization process (2, 10). 

Degranulation of mastocytes happens within min­
utes after they are stimulated (2, 4). Secretory granules 
loaded with proteases, cytokines, biogenic amines and 
many other mediators degranulate through the activa­
tion of FceR1 (2, 4). Activation of this high-affinity IgE 
receptor causes actin and microtubule cytoskeletal rear­
rangements. Microtubule polymerization facilitates the 
translocation of secretory granules to the plasma mem­
brane (4). Activated FceR1 leads to the activation of Lyn 
and Syk, which help fusion of granules and membranes 
and lead to the degranulation of mastocytes (4). Degran­
ulation of mastocytes is the first very important step in 
inf lammation process. When mastocytes release their 
contents into the blood stream, clinical manifestations of 
these actions are visible. This investigation suggests that 
Ms are of great interest for further understanding of the 
patophysiology of headaches and pain conditions, togeth­
er with microvessels, sensory nerve fibers and sympa­

thetic neurons. Inhibition of Ms degranulation should be 
possible therapeutic treatment for these conditions (13, 
20). Future research should aim to validate our findings 
on MD and compare them with the data on microvessel 
and ganglionic neuron density in the TGs and SSCGs in 
order to establish correlations between the obtained data.

CONCLUSION

This is one of the first analyses of micromorphological 
characteristics of human tryptase-positive mastocytes 
and mastocytes density (MsD) in three segments of the 
human trigeminal ganglions (TGs): ophthalmic, max­
illary and mandibular, as well as in two parts: proximal 
and distal of the sympathetic superior cervical ganglions 
(SSCGs), showing very high statistically significant dif­
ferences in MsD compared to the TG and SSCG. This 
micromorphological description of the human trypt­
ase-positive mastocytes in the trigeminal ganglions and 
in the sympathetic superior cervical ganglions showed 
that these cells need particular attention in the therapeu­
tic treatment.
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MIKROMORFOLOŠKE KARAKTERISIKE MASTOCITA U TRIGEMINALNIM 
I HUMANIM SIMPATIČKIM GORNJIM VRATNIM GANGLIONIMA
Mila Ćetković1, Aleksandra Milosavljević1, Jelena Boljanović2, Darko Laketić2, Marko Simić3, Nikola Bogosavljević4,  
Aleksandar Mirčić1, Milan Milisavljević2,5

Sažetak

Uvod: Mastociti (Mt) se obično nalaze u blizini mikrosu-
dova i završetaka nerava koji inervišu moždanice i unu-
trašnje organe. Granule Mt sadrže brojne medijatore koji 
utiču na nervne ćelije i modifikuju njihove reakcije. 

Cilj rada: Naše proučavanje imalo je za cilj da se analizira 
prisustvo i distribucija mastocita (Mt), kao i gustina ma-
stocita (GMt) u tri dela humanih trigeminalnih gangliona 
(TG): oftalmički, maksilarni i mandibularni, kao i u dva 
dela: proksimalni i distalni, humanih simpatičkih gornjih 
vratnih gangliona (SGVG), kao i da se postavi korelacija 
između proučavanih parametara. 

Materijal i metode: Pet TG i pet SGVG odraslih osoba 
obrađeno je za ovu histohemijsku i imunohistohemijsku 
studiju. Preparati su serijski sečeni i obojeni hematoksi-
linom i eozinom i Masson trihrom metodom, a sledeći 
isečci su pripremljeni za imunohisthemijsko bojenje trip-
taze mastocita.

Rezultati: Prosečan broj triptaza-pozitivnih (Trip+) Mt 
u mikroskopskim poljima, GMt, bio je 1,4 u oftalmičkim 
delovima, 1,45 u maksilarnim delovima i 1.5 u mandi-
bularnim delovima TG. Broj Trip+ Mt u mikroskopskim 
poljima bio je od 2 do 6 (Med = 4,5) u proksimalnim de-
lovima i od 3 do 6 (Med = 5) u distalnim delovima SGVG. 
Distribucije Mt u tri dela humanih TG i dva dela SGVG 
bile su uniformne, bez specifičnih mikromorfoloških va-
rijacija. Ovo je prva mikromorfološka analiza Trip+ Mt i 
GMt u humanimTG i SGVG. 

Zaključak: Nismo pokazali statistički značajnu razliku 
između aritmetičkih sredina GMt u tri segmenta TG (p = 
0.883).  Takođe, nismo pokazali statistički značajnu razli-
ku između grupa GMt u dva segmenta SGVG (p = 0.899).  
Postojala je statistički značajna razlika u GMt Trip+ Mt iz-
među TG i SGVG (p<0.001). GMt u dva dela SGVG bila je 
značajno veća nego GMt u tri dela TG.

Ključne reči: mikromorfološka analiza, mastociti, gustina mastocita, simpatički gornji vratni ganglion, trigeminalni 
ganglion.
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Summary 
Introduction / Aim: Endometrial polyps (EPs) are abnormal benign 
growths that originate from the endometrium. Risk factors associated 
with EPs are hormonal changes related to ageing, Tamoxifen use, hor-
mone replacement therapy, overweight or obesity. The exact causal 
relationship between EPs and infertility remains unclear, but multi-
ple mechanisms including mechanical obstruction and biochemical 
changes are proposed. The “gold standard” for diagnosing and treat-
ing EPs is hysteroscopy. This study aims to provide comprehensive 
understanding of the interplay between EP, age and infertility.
Material and methods: Our study included 301 women undergoing 
hysteroscopic polypectomy due to infertility treatment, which were 
divided into two groups based on their age (age ≤ 35 and age > 35).  
Data were collected from patients’ medical histories and pathology 
reports. Study variables included infertility type, type 2 diabetes mel-
litus, insulin resistance, polycystic ovary syndrome, endometriosis, 
hypothyreosis, previous unsuccessful intrauterine insemination and 
in vitro fertilization (IVF), menstrual cycle irregularities and abnormal 
uterine bleeding, polyp size and histopathology type. 
Results: At least one out of five participants had insulin resistance, 
polycystic ovary syndrome and abnormal uterine bleeding. Endome-
triosis, insulin resistance and primary infertility were more common 
in the younger group then in the older group. Previous history of 
unsuccessful IVF cycles, hypothyreosis and secondary infertility were 
associated with older age.
Conclusion: The prevalence of EPs tends to increase with advanced 
women’s age, period marked by natural decline in ovarian reserve, 
hormonal changes and changes in endometrial health. Addressing 
EPs through appropriate diagnostic and therapeutic measure and 
understanding the hormonal influence on EPs and EM is crucial for 
improving fertility outcomes. 
Keywords: endometrial polyps, infertility, hysteroscopy
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INTRODUCTION 

Endometrial polyps (EPs), also known as uterine polyps, 
are abnormal growths that originate from the endometri­
um. They consist of glands, stroma, and blood vessels. The 
size of EPs can range significantly, they can be as small as 5 
mm, but they can also fulfill the entire uterine cavity. Based 
on their attachment to the uterine surface, there are two 
main types of EPs. If an EP is attached by a narrow-elon­
gated pedicle, then it is known as pedunculated. Howev­
er, if they have a large f lat base, they are known as sessile. 
The gross morphological appearance of these polyps can 
vary, but they often present as smooth structures with a 
tan to yellow coloration. EPs are quite common among 
women, with estimates suggesting they affect about 25% 
of women. While EPs can occur at any age, they are sta­
tistically more prevalent in women aged 40 to 49 years, 
primarily due to hormonal changes and f luctuations that 
this age group tends to experience (1,2). Estrogen’s role 
in stimulating endometrial growth and thickening each 
month makes it a significant factor in the development of 
EPs. Understanding and managing conditions that result 
in elevated estrogen levels are essential in minimizing the 
risk of polyp formation and ensuring reproductive health 
(3). Aside from hormonal changes related to aging, other 
risk factors associated with EPs have also been identified, 
such as Tamoxifen use and hormone replacement therapy 
(HRT). There is an increased risk of EPs in women who 
are overweight or obese as well. Higher levels of adipose 
tissue can lead to increased estrogen production, which 
may contribute to the development of polyps (3,4).  

EPs are typically asymptomatic but they can manifest 
as abnormal uterine bleeding (AUB). The AUB include 
irregular menstrual periods (unpredictable timing and 
f low), unusually heavy f low during menstrual period, 
bleeding or spotting between periods, vaginal spotting 
or bleeding after menopause. AUB may be the prima­
ry symptom of EPs, occurring in more than a half of all 
women with the condition, and its incidence appears to 
increase with age (5,6).  

Correlation between EPs and infertility is a special 
concern. While the exact causal relationship between EPs 
and infertility remains unclear, multiple mechanisms in­
cluding mechanical obstruction and biochemical changes 
are proposed. EPs may induce an inf lammatory response 
in the endometrium, which could disturb embryo im­
plantation, similar to the effects seen with an intrauter­
ine device. Also, EPs have been found to exhibit altered 
levels of matrix metalloproteinases (MMPs), cytokines 
like interferon gamma, and proteins such as glycodelin 
and placenta protein 14. These biochemical changes can 
interfere with sperm function, inhibit embryonic devel­
opment, and affect the endometrial environment needed 
for successful implantation (1,7).   

Hysteroscopy with guided biopsy not only serves 
as the definitive method for diagnosing EPs but also fa­

cilitates precise localization and allows for immediate 
therapeutic intervention through simultaneous resec­
tion. These advantages underscore its status as the “gold 
standard” in clinical practice for managing EPs. While 
there is still disagreement in the literature regarding the 
routine removal of EPs before attempting pregnancy 
(both natural and assisted), there is a tendency towards 
removing polyps before initiating assisted reproductive 
technologies (ART) such as intrauterine insemination 
(IUI) and in vitro fertilization (IVF). Therefore, the de­
cision-making process should involve a thorough assess­
ment of each patient’s unique circumstances and prefer­
ences, guided by current evidence-based practices and 
clinical judgment (8).  

This study aims to provide comprehensive under­
standing of the interplay between EP, age and infertility, 
ultimately guiding more effective diagnostic and ther­
apeutic strategies to enhance reproductive success for 
women experiencing such challenges. 

MATERIAL AND METHODS 

Study design and participants 

The study was performed in the Clinical Hospital Cen­
tre (CHC) “Dr Dragisa Misovic - Dedinje” in Belgrade, 
Serbia. It included 301 women undergoing hysteroscopic 
polypectomy due to infertility treatment. The age ranged 
from 24 to 44 (mean 35.91 ± 4.63). Patients were treated 
at the Hospital of Gynecology and Obstetrics and recruit­
ed from 2019 to 2024. The study was approved by the 
CHC’s Institutional Review Board (No 18328/4-2024, 
Date: 29.08.2024).  

Study participants were divided into two groups 
based on their age.  

The first, younger group (age ≤ 35) consisted of 131 
participants where age ranged from 24 to 35 (mean 31.50 
± 3.00). Second, older group (age > 35) included 170 par­
ticipants, with age ranging from 36 to 44 (mean 39.31 ± 
2.12).  

Study inclusion and exclusion criteria 

Study included women aged between 18 and 45 who were 
treated during a five year long time frame at the CHC 
“Dr Dragisa Misovic - Dedinje”. Women older than 45 or 
younger than 18 were excluded from the study. All wom­
en included in the study were normal weight and had 
body mass index (BMI) of between 18.5 and 24.9 kg/m2. 
Obese women were excluded.   

Study variables 

Data on infertility type (primary or secondary), type 2 
diabetes mellitus, insulin resistance, polycystic ovarian 
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syndrome, endometriosis, hypothyreosis, previous un­
successful intrauterine insemination and in vitro fertil­
ization, previous hysteroscopic polypectomy, menstrual 
cycle irregularities and abnormal uterine bleeding, were 
collected from patients’ medical histories. Data on polyp 
size and histopathology type were collected from pathol­
ogy reports.

Statistical analysis 

Descriptive statistics are presented as frequencies and 
percentages for categorical data, and  as mean, medi­
an, SD and range for continuous data. The descriptives 
were presented for the total sample, and for the younger 
and older group of participants. To test the relationship 
between age groups and other relevant variables in our 
study, we used Fisher’s Exact Test for categorical data and 
Mann-Whitney U test for continuous data. A significance 
level of p < 0.05 was set. Statistical analysis was conduct­
ed using IBM SPSS version 23.0. 

RESULTS 

The characteristics and prevalence of comorbid-
ities, previous ART and hysteroscopy procedures 
and menstrual cycle disorders in the sample  

In order to describe the characteristics of the age groups 
regarding significant variables related to infertility, we 
calculated the number of conditions within two groups 
and in the total sample. In order to examine the relation­
ship between age groups and significant variables, we 
performed Fisher’s Exact test. The results including fre­
quencies, percentages and p values (two-tailed) are dis­
played in Table 1. 

Looking at the results for the whole sample present­
ed in Table 1, we can observe that at least one out of five 
participants have insulin resistance, PCOS and abnormal 
uterine bleeding – and those were the most common con­
ditions. The majority of the sample (85.4%) had a regular 
menstrual cycle.

Inspecting the differences between the age group, we 
can see that in the younger group (age ≤ 35), the more 
common conditions are endometriosis (p = 0.011), in­
sulin resistance (p = 0.021) and primary infertility (p = 
0.017). The prevalence for endometriosis in the younger 
group was 8.4% compared to the 1.4% in the older group. 
Insulin resistance was present in 30.5% of cases in the 
younger group, compared to the 18% in the older group. 
Regarding primary infertility, there were 90.1% diag­
nosed participants in the younger group, compared to the 
79.4% in the older group.

In the older group there was a significantly higher 
number of cases with hypothyroidism (p = 0.014), previ­
ous unsuccessful IVF (p < 0.001) and secondary infertil­
ity (p = 0.017). Every fourth patient had hypothyroidism 
(25.3%) in the older group compared to every sixth patient 
(13.7%) in the younger group. The prevalence of previous 
unsuccessful IVF was 18.8% in the older group compared 
to the 4.6% in the younger group. Regarding secondary 
infertility there were 20.6 % diagnosed women in the old­
er group compared to the 9.9% in the younger group.

The characteristic polyp size and histopathology 
type in the sample

The size of EPs can vary significantly; they can be as small 
as 5mm, but they can also fulfill the entire uterine cavity. 
EPs are usually benign, but in some cases, they can be 
associated with a risk of malignancy, especially in post­
menopausal women or in those with abnormal bleeding 

  total sample
(n = 301)

age ≤ 35
(n = 131)

age > 35
(n = 170)

p

  N.
yes (%)

N.
yes (%)

N.
yes (%)

endometriosis 14 (4.7) 11 (8.4) 3 (1.8) 0.011
insulin resistance 72 (23.9) 40 (30.5) 32 (18.8) 0.021
PCOS 73 (24.3) 38 (29.0) 35 (20.6) 0.104
hypothyroidism 61 (20.3) 18 (13.7) 43 (25.3) 0.014
IUI 3 (1.0) 3 (2.3) 0 (0) 0.081
IVF 38 (12.6) 6 (4.6) 32 (18.8) <0.001
previous hysteroscopic polypectomy 48 (15.9) 16 (12.2) 32 (18.8) 0.153
regular menstrual cycle 257 (85.4) 115 (87.8) 142 (83.5) 0.327
abnormal uterine bleeding 79 (26.2) 33 (25.2) 46 (27.1) 0.792
primary infertility 252 (84.1) 118 (90.1) 135 (79.4) 0.017
secondary infertility 48 (15.9) 13 (9.9) 35 (20.6) 0.017

Table 1. Frequencies, percentages of participants with endometriosis, insulin resistance, PCOS, hypothyroidism, unsuccessful IUI and IVF, 
previous hysteroscopic polypectomy, regular menstrual cycle, abnormal uterine bleeding withing total sample and subsamples and statistical 
significance (p value, two tailed) of Fisher’s Exact test.

Note: PCOS – polycystic ovarian syndrome; IUI – unsuccessful intrauterine insemination; IVF – unsuccessful in vitro fertilization   
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patterns. In the total sample the size of the polyp ranged 
from 2 mm to 50 mm (M = 12.88; SD = 6.57; Median = 
10). We used Mann-Whitney U test to discover whether 
there was a significant difference in average size between 
the age groups. There were no significant differences (p 
= .813) between the Mean Rank in the younger group 
(149.67) compared to the older group (152.03).

We also checked the histopathology type and com­
pared the groups. In the total sample in 96.7% of cases it 
was confirmed polyp, and in 3.3% cases other diagnosis. 
In the younger group the prevalence of other diagnosis 
was 3.1% whereas in the older group was 3.5%. The re­
sults of Fisher’s Exact test showed that these differences 
were not statistically significant (p = 1.000).

Association Between Endometriosis and Type of 
Infertility

To investigate the potential association between endome­
triosis prevalence and the type of infertility (primary vs. 
secondary), we performed Fisher’s Exact Test. The prev­
alence of endometriosis was 5.1% among patients with 
primary infertility and 2.1% among those with secondary 
infertility. However, this difference was not statistically 
significant (p = 0.706).

DISCUSSION 

Our study included 301 women dealing with infertility, 
who were diagnosed with EPs. Subjects were divided in 
two subgroups, based on age, which was defined for the 
purpose of this study as older or younger than 35. A to­
tal of 12 variables related to EP and infertility treatment 
were assessed, but statistical relevance was found for only 
two parameters, concomitant presence of endometriosis 
and the history of previous IVF failure.  

The age for the diagnosis of type 2 diabetes mellitus 
(T2DM) has decreased over the last few decades (9). 
Guidelines specifically created for this group of patients 
are still lacking, and recommendations are primarily ex­
trapolated from the evidence in older people (10). How­
ever, only three cases of T2DM were observed in the 
group of women who were older than 35, and there were 
no participants with T2DM among participants in the 
first group (35 or younger) so therefore statistical com­
parison between the two groups was not performed.

Women’s fertility starts to decline after the age of 30, 
and after the age of 35 the fertility decline rate accelerates. 
The underlying etiology is associated with the oocyte 
number and quality depletion, and this is the primary 
reason why women over 35 are more commonly seeking 
fertility counselling and are more commonly exposed to 
the methods of assisted reproduction (11). The highest 
number of ART procedures in the United States (US) are 
actually carried out among women aged between 35 and 

40. Centers for Disease Control and Prevention (CDC) 
reported the average age of women undergoing ART pro­
cedures to be 36.2 years. Women aged between 35 and 
40 represent 43.3% of all women undergoing ART proce­
dures in the US (12). 

Advanced women’s age is a well-known risk factor for 
prolonged time to conception. Without involvement of 
ART techniques before the age of 30 women have approx­
imately 85% chance to conceive within one year, while 
after the age of 35 these chances drop to 66%, and go 
further down reaching a probability of 44% by the age of 
40. Unfortunately, reproductive challenges at this age are 
not limited only to the conception difficulties. At this age 
women deal with other burdens of unfavorable pregnancy 
outcomes as well, such as a miscarriage. More than a quar­
ter of all clinical pregnancies terminate as a miscarriage 
at the age of 40, compared to 16% at the age of 30 (11,13). 

Our results are in unison with the fact that advanced 
women’s age is associated with higher number of unsuc­
cessful IVF cycles (14), and this is the most probable ex­
planation why women over 35 in our study did undergo 
IVF procedures more often compared to the group of 
women who were 35 years or younger. 

Our study showed higher prevalence of endometriosis 
in younger patients with EP. Both EP and endometriosis 
are conditions related to the uterine lining, but they are 
distinct in their nature and presentation. While EP are 
growths that occur in the endometrium, endometriosis 
is a condition where endometrial tissue grows outside 
the uterus, causing pain, irregular bleeding and fertility 
issues. Even though EP and endometriosis are two dif­
ferent conditions, there’s often an overlap in clinical pre­
sentation and possibly in the pathophysiological mecha­
nism leading to it.  Although the exact pathophysiological 
mechanism is not completely understood yet, several re­
search groups have reported increased prevalence of EP 
in women with endometriosis dealing with infertility si­
multaneously (15,16).  

It is known that adhesions associated with anatomi­
cal disturbances are the leading mechanism resulting in 
infertility in endometriosis patients, but the importance 
of endocrine and immunological disturbances should not 
be neglected either, especially since the exact pathophys­
iological mechanism explaining endometriosis is so far 
not fully understood (17). 

Endometriosis and EP are inf luenced by hormon­
al changes, particularly those related to estrogen, but 
they do so in different manners. Estrogen stimulates 
the growth of the endometrial lining resulting in the de 
velopment of EP, and estrogen f luctuations affect the 
growth of EP in a more complex manner. Estrogen recep­
tor pattern and aromatase activity expression are altered 
in both EP and endometriosis patients, and estrogen f luc­
tuation levels are the probable intrinsic factor linking EP, 
endometriosis and infertility (18-20). Furthermore, vas­
cular changes associated with Endometriosis could be 
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in relationship with the evolution of the EP vessel’s axis 
as well. Machado et al. have found that levels of inf lam­
matory markers in endometrium, such as vascular endo­
thelial growth factor (VEGF), matrix metalloproteinases 
(MMP) and angiogenesis factors 1 and 2, are higher in 
patients with EP who suffer from endometriosis at the 
same time (21). Additionally, Wang et al. have reported 
significant association between endometriosis and EP in 
their research and emphasized that all patients dealing 
with endometriosis should be carefully evaluated for the 
concomitant presence of EP, regardless of the ultrasonog­
raphy findings (22). 

Unlike EP which have a peak incidence between the 
age of 40 and 49 (23), endometriosis typically affects 
women during their 30s. Even though between 10 and 
15% of all women of reproductive age are affected by en­
dometriosis, and despite all the improvements and prog­
ress in technology and diagnostics, there is still a shock­
ing average delay of nearly seven years in establishing 
endometriosis diagnosis (24). 

Estrogen levels reach their peak during women’s late 
20s. By the age of 50 there is a 50% decline in estrogen lev­
els compared to their peak levels, with further dramatical 
decrease during and after perimenopause (25). Endome­
triosis is known to be highly dependent on estrogen, but it 
is known that even if estrogen level would decline, endo­
metriosis symptoms would not necessarily decrease (26). 
In this context, younger age, 35 or less, is beyond doubt 
related with higher estrogen levels and consequently with 
higher endometriosis incidence, and our result supports 
this interdependence. 

Endometriosis affects women’s quality of life in a sim­
ilar manner as Crohn’s disease, T2DM and rheumatoid 
arthritis, and despite a significant percentage of women 
of reproductive age living with it, therapeutic approaches 
for endometriosis are still limited exclusively to the man­
agement of symptoms caused by endometriosis. In fact, 
treatment options are oriented only to infertility or pelvic 
pain treatment, without any targeted therapy designated 
for the treatment of endometriosis (27). Endometriosis is 
defined as an inherited, autoimmune, long-life diseases, 
which has to be treated from the time of diagnosis, con­
tinuously with the individually tailored treatment ac­
cording to patients’ overall status, age and complaints, in 
order to control the pain and further dissemination (28). 

Therefore, associations between endometriosis and EP, 
as well as the role of estrogen and its receptors, must be 
demystified, and more comprehensive and causal treat­
ment offered to patients affected by it.   

CONCLUSION 

The prevalence of EPs tends to increase with advanced 
women’s age, a period marked by natural decline in 
ovarian reserve, hormonal changes and changes in en­
dometrial health. Addressing EPs through appropriate 
diagnostic and therapeutic measures and understanding 
the hormonal inf luence on EPs and EM is crucial for im­
proving fertility outcomes. Ongoing research and clinical 
practice must continue to focus on optimizing treatment 
strategies to address EP pathology, ultimately supporting 
better reproductive outcomes for women across various 
age groups. The interplay between EPs, age and infertil­
ity underscores the importance of comprehensive repro­
ductive evaluation and tailored interventions to enhance 
fertility perspectives and support women towards their 
journey to better reproductive outcomes. 

Acknowledgement: The authors express sincere 
gratitude to the Clinical Hospital Centre “Dr Dragisa 
Misovic - Dedinje” for providing the necessary resourc­
es and facilities, as well as to all employees working at 
the Hospital for Gynecology and Obstetrics “Dr Dragisa 
Misovic - Dedinje”.

Funding information: The authors reported no 
funding associated with the work featured in this article.

Conflict of Interest Statement: No conf lict of inter­
est to report.

Author contributions: S. M, Lj. M, S. V, and M. H, 
conceptualization, supervision, methodology, investiga­
tion, formal analysis, and writing—original draft; M. L, 
S. M, and Dj. K, methodology, formal analysis, visualiza­
tion, and writing—original draft; A. S. S, K. S, and N. A, 
conceptualization, visualization, writing- original draft. 
All authors have read and agreed to the published version 
of the manuscript.

Ethical approval:  The study was approved by the In­
stitutional Review Board (IRB) of the University Hospi­
tal “Dragisa Misovic” in Belgrade, Serbia, (No. 18328/4, 
Date: 29.08.2024).

References 
1.	 Nijkang NP, Anderson L, Markham R, Manconi F. Endometrial pol-

yps: Pathogenesis, sequelae and treatment. SAGE Open Med. 2019 
May 2;7:2050312119848247. doi: 10.1177/2050312119848247. PMID: 
31105939; PMCID: PMC6501471. 

2.	 Vitale SG, Haimovich S, Laganà AS, Alonso L, Di Spiezio Sardo A, 
Carugno J; From the Global Community of Hysteroscopy Guide-
lines Committee. Endometrial polyps. An evidence-based diagno-
sis and management guide. Eur J ObstetGynecolReprod Biol. 2021 
May;260:70-77. doi: 10.1016/j.ejogrb.2021.03.017. Epub 2021 Mar 13. 
PMID: 33756339. 

3.	 Yu K, Huang ZY, Xu XL, Li J, Fu XW, Deng SL. Estrogen Receptor 
Function: Impact on the Human Endometrium. Front Endocrinol 
(Lausanne). 2022 Feb 28;13:827724. doi: 10.3389/fendo.2022.827724. 
PMID: 35295981; PMCID: PMC8920307.  

4.	 Nappi L, Indraccolo U, Di Spiezio Sardo A, Gentile G, Palombino 
K, Castaldi MA, Spinelli M, Greco P. Are diabetes, hypertension, 
and obesity independent risk factors for endometrial polyps? J Min-
im Invasive Gynecol. 2009 Mar-Apr;16(2):157-62. doi: 10.1016/j.
jmig.2008.11.004. Epub 2009 Jan 21. PMID: 19162559. 



130 |

Medicinska istraživanja 2025; 58(2):125-131

5.	 Achanna KS, Nanda J. Evaluation and management of abnormal uterine 
bleeding. Med J Malaysia. 2022 May;77(3):374-383. PMID: 35638495.  

6.	 Wouk N, Helton M. Abnormal Uterine Bleeding in Premenopaus-
al Women. Am Fam Physician. 2019 Apr 1;99(7):435-443. PMID: 
30932448.  

7.	 Jee BC, Jeong HG. Management of endometrial polyps in infertile 
women: A mini-review. Clin Exp Reprod Med. 2021 Sep;48(3):198-
202. doi: 10.5653/cerm.2020.04119. Epub 2021 Jul 30. PMID: 
34352167; PMCID: PMC8421660.  

8.	 Moore JF, Carugno J. Hysteroscopy. 2023 Jul 18. In: StatPearls [Inter-
net]. Treasure Island (FL): StatPearls Publishing; 2024 Jan–. PMID: 
33232015. 

9.	 Kyrou I, Tsigos C, Mavrogianni C, Cardon G, Van Stappen V, La-
tomme J, Kivelä J, Wikström K, Tsochev K, Nanasi A, Semanova 
C, Mateo-Gallego R, Lamiquiz-Moneo I, Dafoulas G, Timpel P, 
Schwarz PEH, Iotova V, Tankova T, Makrilakis K, Manios Y; Feel-
4Diabetes-study Group. Sociodemographic and lifestyle-related risk 
factors for identifying vulnerable groups for type 2 diabetes: a nar-
rative review with emphasis on data from Europe. BMC EndocrDis-
ord. 2020 Mar 12;20(Suppl 1):134. doi: 10.1186/s12902-019-0463-3. 
PMID: 32164656; PMCID: PMC7066728. 

10.	 Sargeant JA, Brady EM, Zaccardi F, Tippins F, Webb DR, Aroda VR, 
Gregg EW, Khunti K, Davies MJ. Adults with early-onset type 2 di-
abetes (aged 18-39 years) are severely underrepresented in diabetes 
clinical research trials. Diabetologia. 2020 Aug;63(8):1516-1520. doi: 
10.1007/s00125-020-05174-9. Epub 2020 Jun 2. PMID: 32483683; 
PMCID: PMC7351852.  

11.	 Delbaere I, Verbiest S, Tydén T. Knowledge about the impact of age 
on fertility: a brief review. Ups J Med Sci. 2020 May;125(2):167-174. 
doi: 10.1080/03009734.2019.1707913. Epub 2020 Jan 22. PMID: 
31964217; PMCID: PMC7721003. 

12.	 https://www.cdc.gov/art/reports/2020/summary.html (assessed on 
August 17th 2024)  

13.	 Delbaere I, Verbiest S, Tydén T. Knowledge about the impact of age 
on fertility: a brief review. Ups J Med Sci. 2020 May;125(2):167-174. 
doi: 10.1080/03009734.2019.1707913. Epub 2020 Jan 22. PMID: 
31964217; PMCID: PMC7721003.  

14.	 Yan J, Wu K, Tang R, Ding L, Chen ZJ. Effect of maternal age on the 
outcomes of in vitro fertilization and embryo transfer (IVF-ET). Sci 
China Life Sci. 2012 Aug;55(8):694-8. doi: 10.1007/s11427-012-4357-
0. Epub 2012 Aug 30. PMID: 22932885. 

15.	 Shen L, Wang Q, Huang W, Wang Q, Yuan Q, Huang Y, Lei H. High 
prevalence of endometrial polyps in endometriosis-associated infer-
tility. Fertil Steril. 2011 Jun 30;95(8):2722-4.e1. doi: 10.1016/j.fertn-
stert.2011.04.067. Epub 2011 May 14. PMID: 21575952. 

16.	 Kim MR, Kim YA, Jo MY, Hwang KJ, Ryu HS. High frequency of 
endometrial polyps in endometriosis. J Am Assoc GynecolLaparosc. 
2003 Feb;10(1):46-8. doi: 10.1016/s1074-3804(05)60233-2. PMID: 
12554993.  

17.	 Chua SJ, Danhof NA, Mochtar MH, van Wely M, McLernon DJ, 
Custers I, Lee E, Dreyer K, Cahill DJ, Gillett WR, Righarts A, Stran-
dell A, Rantsi T, Schmidt L, Eijkemans MJC, Mol BWJ, van Eekelen 
R. Age-related natural fertility outcomes in women over 35 years: 

a systematic review and individual participant data meta-analysis. 
Hum Reprod. 2020 Aug 1;35(8):1808-1820. doi: 10.1093/humrep/
deaa129. PMID: 32696041. 

18.	 Lopes RG, Baracat EC, de Albuquerque Neto LC, Ramos JF, Yatabe 
S, Depesr DB, Lippi UG. Analysis of estrogen- and progesterone-re-
ceptor expression in endometrial polyps. J Minim Invasive Gynecol. 
2007 May-Jun;14(3):300-3. doi: 10.1016/j.jmig.2006.10.022. PMID: 
17478359.  

19.	 Noble LS, Simpson ER, Johns A, Bulun SE. Aromatase expression 
in endometriosis. J Clin Endocrinol Metab. 1996 Jan;81(1):174-9. doi: 
10.1210/jcem.81.1.8550748. PMID: 8550748. 

20.	 Maia H Jr, Pimentel K, Silva TM, Freitas LA, Zausner B, Athayde 
C, Coutinho EM. Aromatase and cyclooxygenase-2 expression in 
endometrial polyps during the menstrual cycle. Gynecol Endocri-
nol. 2006 Apr;22(4):219-24. doi: 10.1080/09513590600585955. PMID: 
16723309.  

21.	 Machado DE, Berardo PT, Palmero CY, Nasciutti LE. Higher expres-
sion of vascular endothelial growth factor (VEGF) and its receptor 
VEGFR-2 (Flk-1) and metalloproteinase-9 (MMP-9) in a rat model 
of peritoneal endometriosis is similar to cancer diseases. J Exp Clin 
Cancer Res. 2010 Jan 19;29(1):4. doi: 10.1186/1756-9966-29-4. PMID: 
20085636; PMCID: PMC2826344.  

22.	 Wang N, Zhang Y, Liu B. Demographic and Clinical Features of En-
dometrial Polyps in Patients with Endometriosis. Biomed Res Int. 
2016;2016:1460793. doi: 10.1155/2016/1460793. Epub 2016 May 3. 
PMID: 27243030; PMCID: PMC4868887. 

23.	 Kolhe S. Management of abnormal uterine bleeding - focus on ambu-
latory hysteroscopy. Int J Womens Health. 2018 Mar 22;10:127-136. 
doi: 10.2147/IJWH.S98579. PMID: 29606892; PMCID: PMC5868607.  

24.	 Chua SJ, Danhof NA, Mochtar MH, van Wely M, McLernon DJ, 
Custers I, Lee E, Dreyer K, Cahill DJ, Gillett WR, Righarts A, Stran-
dell A, Rantsi T, Schmidt L, Eijkemans MJC, Mol BWJ, van Eekelen 
R. Age-related natural fertility outcomes in women over 35 years: 
a systematic review and individual participant data meta-analysis. 
Hum Reprod. 2020 Aug 1;35(8):1808-1820. doi: 10.1093/humrep/
deaa129. PMID: 32696041.  

25.	 Lephart ED. A review of the role of estrogen in dermal aging and fa-
cial attractiveness in women. J Cosmet Dermatol. 2018 Jun;17(3):282-
288. doi: 10.1111/jocd.12508. Epub 2018 Feb 13. PMID: 29436770.  

26.	 Chantalat E, Valera MC, Vaysse C, Noirrit E, Rusidze M, Weyl A, 
Vergriete K, Buscail E, Lluel P, Fontaine C, Arnal JF, Lenfant F. 
Estrogen Receptors and Endometriosis. Int J Mol Sci. 2020 Apr 
17;21(8):2815. doi: 10.3390/ijms21082815. PMID: 32316608; PMCID: 
PMC7215544. 

27.	 Zondervan KT, Becker CM, Koga K, Missmer SA, Taylor RN, Vi-
ganò P. Endometriosis. Nat Rev Dis Primers. 2018 Jul 19;4(1):9. doi: 
10.1038/s41572-018-0008-5. PMID: 30026507. 

28.	 Vujović S, Ivovic M, Tančić-Gajić M, Marina L, Ljubic A, Drago-
jević-Dikić S, Genazzani AR. Endometrium receptivity in prema-
ture ovarian insufficiency - how to improve fertility rate and pre-
dict diseases? Gynecol Endocrinol. 2018 Dec;34(12):1011-1015. doi: 
10.1080/09513590.2018.1490715. Epub 2018 Jul 25. PMID: 30044147.



| 131

Reproductive challenges of endometrial polyps: the influence of women’s age and associated risk factors

 

REPRODUKTIVNI IZAZOVI KOD ŽENA SA ENDOMETRIJALNIM 
POLIPIMA: UTICA J STAROSTI I POVEZANIH FAKTORA RIZIKA
Slađana Mihajlović1,2, Svetlana Vujović2,3, Mina Hagen4, Milan Lacković1, Sanja Milić1, Antoan Stefan Šojat3, Kristina Saravi-
novska2,3, Natalija Antić3, Đurđica Kaličanin1, Ljiljana V. Marina2,3

Sažetak

Uvod / Cilј: Endometrijalni polipi (EP) predstavlјaju be-
nigne tumore poreklom iz endometrijuma. Najčešći 
faktori rizika koji dovode do pojave EP su hormonske 
promene povezane sa starenjem, upotreba tamoksi-
fena, supstituciona hormonska terapija, prekomerna 
težina i gojaznost. Tačna uzročna veza između EP-a 
i infertiliteta ostaje nejasna, ali najčešće predlagani 
patofiziološki  mehanizmi jesu mehaničke prepreke i 
biohemijske promene na nivou endometrijalnog tki-
va. „Zlatni standard“ dijagnostike i lečenja EP je histe-
roskopija. Cilј ove studije je da se ispita povezanost 
godina starosti, endometrijalnih polipa i infertiliteta.  
Materijal i metode: Istraživanje je obuhvatilo 301 paci-
jentkinju podvrgnutu histeroskopskoj polipektomiji radi 
lečenja infertiliteta, koje su podelјene u dve grupe na 
osnovu starosti (starost ≤ 35 i starost > 35 godina).  Po-
daci su prikuplјeni iz istorija bolesti i histopatoloških iz-
veštaja, i analizirane su sledeće varijable: tip infertiliteta, 
prisustvo insulinske rezistencije, sindroma policističnih 

jajnika, endometrioze, hipotireoze, prethodni neuspešni 
pokušaji intrauterine inseminacije i vantelesne oplodnje 
(IVF), nepravilnosti menstrualnog ciklusa i abnormalno 
krvarenje iz materice, veličina polipa i histopatološki tip.  
Rezultati: Najmanje jedna od pet ispitanica imala je in-
sulinsku rezistenciju, sindrom policističnih jajnika i ab-
normalno krvarenje iz materice. Endometrioza, insulin-
ska rezistencija i primarni infertilitet bili su češći u mlađoj 
grupi nego u starijoj. Prethodna istorija neuspešnih IVF 
ciklusa, hipotireoza i sekundarni infertilitet bili su pove-
zani sa uznapredovalim godinama. 

Zaklјučak: Prevalencija EP ima tendenciju rasta sa godi-
nama starosti žene, periodom koji je obeležen prirodnim 
padom rezerve jajnika, hormonskim promenama, kao i 
promenama u strukturi endometrijuma. Primena odgo-
varajućih dijagnostičkih i terapijskih mera, kao i razume-
vanje uticaja godina, hormonskog statusa i povezanosti 
EP i endometrioze, klјučni su u lečenju EP, kao i u sveu-
kupnom pobolјšanju ishoda lečenja infertiliteta.

Ključne reči: endometrijalni polip, infertilitet, histeroskopija
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Summary 
Both emotion dysregulation (ED) and traumatic experiences, espe-
cially interpersonalnal trauma in childhood, are being increasingly 
recognized as transdiagnostic risk factors for mental disorders during 
developmental age as well as later in life. The aim of this review is to 
explore the existing data regarding the potentially bidirectional re-
lationship between ED and trauma, focusing on the way they could 
maintain each other to create a “perpetuum mobile” that shapes the 
mental health outcomes of youth. There is relatively consistent ev-
idence that developmental traumatic experiences, especially child 
maltreatment, have adverse effects on ED, through various psycho-
logical mechanisms (such as social learning, interpretation of social 
cues, attachment, active invalidation of their emotional experiences) 
as well as neurobiological mechanisms (such as structural and func-
tional abnormalities of the emotion-regulation-related neural areas 
caused by aberrant stimulation, stress-response system hyperactivi-
ty, and involvement of other physiological systems). In turn, certain 
evidence indicate that ED may maintain and worsen trauma by im-
pairing trauma processing and eliciting trauma-related symptoms 
and conditions, as well as by inducing new interpersonal traumatic 
exposures via factors such as shame, mental disorders and proneness 
to aggressive behaviors. This potential “perpetuum mobile” could be 
active not only during a person’s lifetime, but possibly spread through 
generations via different mechanisms. More research is needed to ex-
plore the nature of this complex relationship, and especially the ways 
ED in youth sets the ground for further maintenance of trauma. It is 
challenging to empirically conclude what the true direction of this re-
lationship in different studies is, implying the need for methodolog-
ical rigor in future investigations.  Practical implications refer to all 
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preventive actions in both directions. 
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INTRODUCTION

The developmental age is a turbulent period comprising 
dramatic physical, cognitive, emotional,  and social trans-
formations (1). The interplay between biological aspects 
of maturation and the dynamics of environmental expe-
riences results in vulnerability to the mental health diffi-
culties (Mastorci, 2024). It is approximated that among 
all lifetime mental disorders,  50% begin by the age of 14, 
and 75%  by the age of 24 (2,3), with the highest preva-
lence for depression, anxiety, and externalizing disorders 
(4).  Mental disorders in youth may be associated with 
significant adverse consequences. They affect the current 
functioning as well as the development itself (for review 
see in (5)), increasing the risk for mental disorders in adult 
life (6). Mental health in youth shows dynamic course 
with often unclear or overlapping presentations of mental 
problems.  Mental disorders at this age may be difficult 
to distinguish from common variations in developmental 
changes (7), while various psychiatric disorders can have 
varying developmental trajectories such as remission, 
diagnostic shift to another disorder,  or comorbidity (8).  
This dynamic nature and low stability refers especially to 
disorders other than neurodevelopmental (8). Therefore, 
the transdiagnostic perspective on mental health disor-
ders in warranted, in order to identify which pathological 
processes cut across different disorders (9). In terms of 
practical implications, such transdiagnostic factor could 
be a target of interventions aimed to address multiple di-
agnostic representations. 

Emotion regulation (ER) has been proposed as one 
of the promising transdiagnostic factors, implied in the 
development and maintenance of multiple psychopatho-
logical outcomes in youth (10). It is defined as the process 
by which individuals inf luence their emotions, as well as 
their own experience of their emotions (11). It involves 
modifying various components of emotions, such as their 
intensity, duration and expression, in order to adapt to 
situational demands (11). Emotion dysregulation (ED) 
occurs when individuals experience difficulties in restor-
ing their emotional balance and therefore are involved in 
prolonged, intense emotional states (12). ED is associated 
with a wide array of internalizing and externalizing men-
tal health problems and psychiatric conditions in devel-
opmental period and in adulthood (13, 14). It has been 
indicated that mental health outcomes may be dependent 
on the type of ER strategies a person predominantly uses. 
The adaptive strategies such as cognitive reappraisal have 
been linked to lower levels of psychological distress and 
better emotional resilience (11), whereas the maladaptive 
strategies, such as rumination or suppression, are associ-
ated with increased risks of anxiety, depression, and other 
psychological disorders. It is suggested that an important 
role is played by the experiential avoidance, a response 
pattern that refers to the general unwillingness to remain 
in contact with particular private experiences that acts 
as a functional dimension through the use of maladap-

tive avoidance strategies (15). The effectiveness of the 
ER can also ref lect on the long-term well-being, through 
affecting social relationships, career success, and over-
all quality of life, with those who excel in ER tending to 
form healthier interpersonal relationships and manage 
work-related stress more effectively (11), demonstrat-
ing better classroom behaviors and achieving stronger 
academic outcomes, while early disruptions in ER may 
contribute to academic challenges, particularly among 
children exposed to early adversities (14,16). Emotion 
dysregulation has also been associated with physical 
health outcomes. Inability to efficiently regulate emo-
tions may result in chronic stress, negatively affecting 
the immune system, cardiovascular health, and overall 
physical well-being. In reverse, effective ER may have a 
buffering role in stress-related physiological responses, 
promoting superior health outcomes (11). 

Traumatic experiences are increasingly being recog-
nized as a transdiagnostic risk factor for mental disorders 
(17,18). They refer to experiences that have a high poten-
tial for harm (19), and resulting in toxic stress. Trauma 
exposure has a particularly detrimental effect when it 
happens early in life due to heightened brain plasticity 
which occurs in childhood and adolescence (20). It has 
been shown that the individuals who have experienced 
psychological trauma are at a nearly threefold higher risk 
of developing mental health disorders compared to those 
without such experiences, such as anxiety disorders, 
mood disorders, psychotic disorders and personality dis-
orders (18). Child maltreatment represents a specifically 
detrimental traumatic risk factors associated with a vari-
ety of different mental health dysfunctions and disorders 
(21). The individuals who were maltreated in childhood 
show higher odds of hospital admissions for psychiatris 
disorders by the age of 30, including schizophrenia, bi-
polar disorder, depression, anxiety and PTSD (22).  De-
velopmental trauma such as child maltreatment has been 
associated with various mechanisms through which it ad-
versely affects mental development and health outcomes. 
Among psychological mechanisms, child maltreatment 
has been associated with impaired development of secure 
attachment, mentalization, social and cognitive learning, 
etc (for review see in (21)). Important neurobiological 
mechanisms refer to the neural structures important for 
socio-emotional processes being affected by the abberant 
stimulation resulting from child maltreatment experienc-
es, by chronic sensitization of stress-response system, of 
immunological system (23), and other systems such as 
oxytocin (for review see in (21)). The dysfunctional activ-
ity of some of the aforementioned physiological systems 
has also been associated with various  physical health con-
sequences of child maltreatment (for review see in (21)). 
Distressing and conflictuous relationships with parents 
have shown to predict mental disorders such as depres-
sion and anxiety even in emerging adulthood (24).
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In addition to exploring some of the key transdiagnos-
tic factors, it is of importance to take their interplay into 
account. Indeed, it is suggested that integrating the role of 
context into ER research is crucial, since empirical work 
has not fully embraced this perspective, leaving signifi-
cant gaps in our understanding—particularly regarding 
its connection to trauma and subsequent psychopathol-
ogy (25). On one hand, as mentioned earlier, child mal-
treatment has repeatedly shown adverse effects on the 
mental health and development, which could lead to ED, 
suggesting ED as an adverse consequence of traumatic 
experiences. On the other hand, ED is a concept with 
dynamic course through development, and could possi-
bly, vice versa, give context to the experience and further 
processing of trauma, as well as increase risk of further 
exposure to traumatic experiences. While the effects of 
developmental trauma on ED are considerably supported 
by research, the data is scarce on the reverse direction of 
this relationship.  

This narrative review aims to address this question by 
exploring various findings on the current understanding 
of the relationship between emotion dysregulation and 
traumatic experiences, in the way they could maintain 
each other over time to jointly create a “perpetuum mo-
bile” that shapes the mental health trajectory of children 
and adolescents. 

EMOTION DYSREGULATION AS A CONSEQUENCE 
OF TRAUMATIC EXPERIENCE

Emotions can be regulated through ER mechanisms cor-
responding to each phase of the emotion generation pro-
cess. A person can decide which situations to approach or 
avoid to inf luence potential emotional outcomes (situa-
tion selection), change the aspects of a situation to alter its 
emotional impact (situation modification), direct attention 
toward or away from emotional triggers (attentional de-
ployment), reappraise or reinterpret a situation to change 
its emotional meaning (cognitive change), and finally, one 
can inf luence behavioral, experiential, or physiological 
responses to an emotion after it has been fully generated 
(response modulation) (11). The development of adaptive 
ER abilities is facilitated by the interaction of multiple 
skills such as the awareness of emotions, the ability to 
identify and label emotions, to interpret emotion-related 
body sensations correctly,  to understand the prompts of 
emotions, to support oneself in distress, furthermore the 
ability to actively modify negative emotions to feel better, 
to accept emotions, to be resilient and to tolerate negative 
emotions, and the ability to confront emotionally dis-
tressing situations in order to attain important goals (for 
review see in (26)).

How does ER develop? 

The ER develops across the lifespan, being affected by bi-
ological maturation, social experiences and environmen-
tal factors. Multiple subsystems interact and inf luence 
the emotional development, including caregiver–child, 
co-parental, and sibling relationships. The development 
of ER includes several milestones. In infancy and early 
childhood, a child relies heavily on caregivers for exter-
nal regulation of emotions, such as soothing when dis-
tressed. As children grow, they start developing internal 
regulation skills, such as distraction or simple cognitive 
strategies, often modeled and supported by caregivers 
and social interactions. In middle childhood and adoles-
cence, more sophisticated ER strategies develop under 
the inf luence of cognitive and social development, such 
as cognitive reappraisal. In adolescence, ER is faced with 
the increased emotional challenges resulting from hor-
monal changes, experiences with peers, and identity for-
mation. When an individual reaches full adulthood, with 
various life experiences and having an opportunity for 
refining cognitive strategies, the ER shows greater stabil-
ity and adaptability. Older adults may use selective atten-
tional deployment, focusing more on positive aspects of 
situations to maintain emotional well-being (11). The ER 
strategies can be seen as extrinsic, when one’s emotion 
regulation is helped by external factors (other individu-
als), such as a caregiver soothing a distressed child; and 
intrinsic, when individuals regulate their own emotions 
to meet personal or external demands (11). From infancy 
to adulthood, therefore, the ER develops from more ex-
trinsic, to more intrinsic (27).

Early trauma - when ER development goes wrong

Throughout childhood, adolescence, and transitioning 
to adulthood, the development of patterns for regulating 
emotions may be disrupted, by both innate vulnerabili-
ties and adverse experiences, resulting in emotional im-
balance and increased risk for mental health problems 
(11,14).  Early exposure to traumatic events, and especial-
ly the interpersonal trauma in childhood such as child 
maltreatment, has been related to various conditions 
with emotional dysregulation as a core feature that could 
underlie this risk (28). Existing literature gives consider-
able support to the association between child maltreat-
ment and ED throughout lifetime (29-37), including 
using fewer ER strategies, less acceptance of one’s emo-
tions and less emotion clarity, as well as a greater use of 
maladaptive strategies such as suppression and rumina-
tion, mediating general psychopathology risk (38). There 
are different hypotheses on the underlying mechanisms 
of the relationship between early trauma and EDR, both 
psychological and biological. Some of them will be pre-
sented in the following text.
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Psychological mechanisms

A meta-analytic review on effects of maltreatment on 
coping and ER in childhood and adolescence (32) con-
firmed association between child maltreatment and poor 
ER, as well as increased avoidance, emotional suppres-
sion, and expression of negative emotions in response 
to stress. Defects in acquiring ER strategies and coping 
against the psychosocial problem development were as-
sociated with the decreased exposure to healthy models 
of ER and coping, and increased exposure to the exam-
ples of maladaptive stress response such as aggressive 
behavior (39).  This implies the importance of the so-
cial learning mechanism (for review see in (21)). In case 
of child abuse, parents model maladaptive strategies in 
emotionally challenging situations, resulting in children 
possibly using similar problematic strategies, while in 
case of neglect, parents fail to provide the ER modeling 
at all, leaving neglected children with poorer understand-
ing of emotions and with poor repertoire of ER strategies 
(40).  It is noted that early-life maltreatment may actually 
create a double effect in terms that children experience 
the stressors that are far beyond their developmental abil-
ity to cope, while at the same time lacking the input of 
adequate stimuli of modelling appropriate responses to 
stress (41). This could result in children reaching out to 
the maladaptive strategies that may bring short-term re-
lief but may increase the psychosocial risk in the long run, 
when the children apply them in normative situations of 
lower threat (41). Eventually, the situations of such devel-
opmentally challenging stressor, result in youth not only 
failing to acquire adaptive ER strategies, but learning the 
maladaptive strategies as well, imposing the increased 
risk of further psychosocial problems. This is in line with 
the finding showing that coping and ER may act as im-
portant mediators in the relationship between child mal-
treatment and the psychopathology (42). Studies show 
that deficits in caregiver responsiveness may inf lict the 
development in interpersonal communication and inter-
pretation of social cues. The data point out that maltreat-
ed children, independently of the type of maltreatment, 
have delays or deficits understanding and regulating 
emotions, and that they anticipate negative reactions if 
they show sadness and anger (28). This may be in close 
relationship with the development of secure attachment, 
which is regarded as essential for developing adaptive 
ER. Attachment (43) refers to an internal representation 
of the self and others in significant interpersonal rela-
tionships, starting with the attachment patterns with the 
caregivers and representing a “blueprint” for interperson-
al relationships throughout life. Studies have found that 
maltreated children have disorganized attachment and 
negative internal representations of the caregiver, while 
also having ED and decreased social competence. In re-
sponse to angry adult interactions simulation, maltreated 
children significantly more manifested problems with 

ER, associated with anxious and depressed symptoms 
as well as behavioral problems (44).  Although all types 
of childhood maltreatment experiences fail to provide 
benevolent interpersonal environment, some data show 
that emotional maltreatment may be specific due to the 
experience of chronic active invalidation of their emotional 
experiences, which can lead to poor ER strategies later in 
life, especially emotional inhibition or avoidance (for re-
view see (45)). 

Biological mechanisms

It is suggested that, especially after repeated childhood 
trauma, the disruption of ER skill acquisition may result 
from the neurobiological effects of maltreatment (46). 

These mechanisms include molecular modifications of 
the stress response systems, further affecting neurogen-
esis, myelination, neuronal morphology, and synapto-
genesis in brain regions important for ER. This results in 
attenuated structural development of the hippocampus, 
amygdala, left neocortex and corpus callosum as well as 
functional changes in the development of the left hemi-
sphere, decreased integration between the hemispheres, 
increased limbic irritability, and decreased functional ac-
tivity of the cerebellar vermis (for review see in (21,28)). 
The aforementioned neural structures, important for 
socio-emotional processing, emotion regulation and ex-
ecutive functions (the future “social brain”) are the struc-
tures with extensive postnatal development and at the 
same time, the structures that are most sensitive to the 
effects of stress due to the high density of glucocorticoid 
receptors. Therefore, these areas are adversely affected 
by both aberrant neurostimulation resulting from child 
maltreatment, and by the toxic effects of cortisol, most-
ly mediated by glutamate (for review see in (21)). Other 
mechanisms that could affect these structures may be 
related to the possible sensitization of the immune sys-
tem by child maltreatment, building a chronic low-grade 
inf lammation and resulting in inf lammatory cytokines 
crossing the blood– brain barrier; additionally, the devel-
opment of the key structures could be affected by lower 
levels of oxytocin as a consequence of child maltreatment 
(for review see in (21)).

EMOTION DYSREGULATION AS A CONTRIBUTOR 
TO FURTHER TRAUMA

Processing trauma and contributing to trauma-re-
lated symptoms

While there is a number of findings confirming and ex-
ploring EDR as a consequence of developmental trauma, 
the data on the opposite direction of this relationship is 
insufficient. Most of the findings relate to the EDR effects 
on the processing of trauma and further development of 
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trauma-related conditions such as posttraumatic stress 
disorder (PTSD) and other symptoms and conditions 
(45,47-50). It is shown that posttraumatic EDR acts as 
a predictor of PTSD after trauma exposure (50). Post-
traumatic symptoms were associated with the lack of ac-
ceptance of emotional experiences, lack of emotional clarity, 
limited access to strategies and difficulties in goal-directed 
behavior and abstaining from impulsive behaviors while 
being upset (51). Other findings further indicate that 
different facets of EDR predict different trauma-related 
conditions. Lack of emotional clarity predicted PTSD 
symptoms, speaking in favor of a potential mechanism 
inducing worsening symptoms. On the other hand, lack 
of regulation strategies, has been suggested as a marker of 
helplessness in post-traumatic depression (47). ED after 
traumatic experience has been shown to associate with 
the ability to recover from posttraumatic symptoms, even 
after controlling for the effects of symptoms (48), and it 
acted as a mediator between PTSD symptomatology and 
dissociation symptoms (52). The manifestations of EDR 
may, in fact, be seen as key substrate of the complex trauma 
since they represent the core features of complex PTSD in 
ICD-11 (53), and can also be closely related to the mani-
festations of borderline personality disorder (BPD) (54) 
and of developmental trauma disorder that was proposed 
but not included in DSM-V (55). 

Interpersonal dysfunctions as a source of new 
trauma exposures

ER is a precondition of adequately navigating emotional 
responses in interpersonal communication. Therefore, 
ED may be associated to interpersonal dysfunctions and 
consequent exposure to stimuli that induce toxic stress. 
In addition to the aforementioned association of insecure 
attachment and interpersonal distress, it has been shown 
that ER is predictive of shame and guilt proneness, with 
higher use of maladaptive strategies and lower use of 
adaptive strategies being associated with shame-prone-
ness, while the opposite pattern being associated with 
guilt-proneness. Shame and guilt are both negatively va-
lenced emotions induced in similar situations, but shame 
has shown to be more detrimental since it includes in 
inferior and worthless views of self, and a tendency to 
hide or escape, and is predictive of various mental health 
conditions (for review see in (56)) potentially affecting 
interpersonal relationships. It is shown that EDR may act 
as a mediator between traumatic experiences in child-
hood and various mental health problems. This goes for 
early traumatic exposures, but even later in development, 
during emerging adulthood (18-24 years of age) it has 
been found that, for example, distressing relationships 
among youth and parents have predicted the occurrence 
and the severity of depression though maladaptive ER 
strategy as a mediator (57). Mental disorders may be as-
sociated with daily dysfunctionality as well as stigma, 

which could expose youth to distressing interpersonal 
situations.  Proneness to aggression associated with ED, as 
found in certain studies (58,59), could be another mecha-
nism contributing to interpersonal dysfunctiong leading 
to possible trauma exposure to both the person with ED 
and the person aggression is aimed at.  As a neurobiolog-
ical correlate, the altered thickness in superior frontal 
gyrus mediated the association between ED and physi-
cal aggression (60). Furthermore, as already mentioned 
EDR has been one of the core features in BPD, marked 
by both aggressive behaviors and interpersonal stress 
in the affected person. One of the consequences of ED 
being associated to aggression proneness, could be relat-
ed to intergenerational child maltreatment, where ED has 
been hypothesized as one of the mechanisms between 
the child maltreatment history, and parental aggressive 
behavior towards child in the next generation (for review 
see in (21,61)). The intergenerational effects could also 
be mediated by the epigenetic markers of stress-response 
system dysregulation, found even in fetuses of parents 
who were child abuse victims (for review see in (21)).

CONCLUSION: MAINTAINING (AND STOPPING) A 
PERPETUUM MOBILE

“Perpetuum mobile” is a machine that moves endlessly, 
so that it produces more energy than was invested in it 
(62). Despite attempts, such a machine does not exist in 
the world of physics yet, as it defies the first and second 
law of thermodynamics. However, in the realm of youth 
mental health problems, could ED and trauma make each 
other survive through time, as a true perpetuum mobile?

Studies consistently indicate the adverse effects of devel-
opmental traumatic experiences, especially child maltreat-
ment, on emotion dysregulation in adolescence and adult-
hood, through various psychological mechanisms (such as 
social learning, interpretation of social cues, attachment, 
active invalidation of their emotional experiences) as well as 
neurobiological mechanisms (such as structural and func-
tional abnormalities of the ER-related neural areas caused 
by aberrant stimulation, stress-response system hyperac-
tivity, and involvement of other physiological systems). In 
turn, some evidence indicate that emotion dysregulation 
may maintain and worsen trauma through the adverse con-
tribution to trauma processing and eliciting trauma-relat-
ed symptoms and disorders, as well as to opening doors to 
new interpersonal traumatic exposures via factors such as 
shame, mental disorders and proneness to aggressive behav-
iors. This potential “perpetuum mobile” could be active not 
only during a person’s  lifetime, but could possibly spread 
through generations via various mechanisms. 

In terms of scientific implications, more research is 
needed to explore the nature of this complex relation-
ship, and especially the ways emotion dysregulation in 
youth sets the ground for further maintenance of trauma 
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throughout one’s lifespan and through generations. Fur-
thermore, since emotion dysregulation can be both a con-
sequence and a risk factor when it comes to trauma, the “ex 
post” assessment makes it difficult to clarify the true direc-
tion of this relationship (63); hence, rigorous methodolog-
ical criteria are needed in future investigations.  Practical 
implications refer to all levels of prevention when it comes 
to both youth exposure to trauma and emotion dysregu-
lation, but also to stopping the potential “perpetuum mo-
bile”, by preventive actions in both directions. This could 
include the screening for emotion regulation patterns and 
difficulties among youth who have suffered trauma, as 
well as screening for previous but also current victimiza-
tion among youth with emotion dysregulation. Finally, 
timely treating both trauma outcomes (including inter-
generational effects) and emotion regulation difficulties is 
warranted, because both are modifiable by contemporary 
approaches (trauma-informed care, trauma-focused CBT 
(64), emotion-regulation-based transdiagnostic therapies 
(65)), built upon a good therapeutic relationship – an im-
portant platform for healing interpersonal wounds.  
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EMOCIONALNA DISREGULACIJA I TRAUMA MLADIH: PERPETUUM 
MOBILE
Marija Mitković-Vončina1,2, Marija Lero2, Sanja Leštarević2, Milica Pejović-Milovančević1,2

Sažetak

Emocionalna disregulacija (ED) i traumatska iskustva, 
posebno interpersonalna trauma u ​​detinjstvu, sve se 
više prepoznaju kao transdijagnostički faktori rizika za 
mentalne poremećaje kako u razvojnom dobu, tako i 
kasnije tokom života. Cilj ovog preglednog članka je da 
istraži postojeće podatke u vezi sa potencijalno dvo-
smernim odnosom između ED i traume, fokusirajući se 
na način na koji bi ova dva faktora mogla da održavaju 
jedan drugog, čineći „perpetuum mobile“ koji oblikuje 
ishode mentalnog zdravlja mladih. Postoje relativno do-
sledni dokazi da razvojna traumatska iskustva, posebno 
maltretiranje dece, imaju štetne efekte na ED, kroz ra-
zličite psihološke mehanizme (kao što su socijalno uče-
nje, interpretacija socijalnih signala, afektivno vezivanje 
(„atačment“), invalidacija emocionalnih iskustava) kao 
i neurobiološke mehanizme (strukturne i funkcionalne 
abnormalnosti za emocionalnu regulaciju relevantnih 
neuralnih zona usled neadekvatne stimulacije, hiperak-
tivacije sistema odgovora na stres, i uticaja drugih fizio-

loških sistema). S druge strane, određeni dokazi ukazuju 
na to da ED može održati i pogoršati traumu ometanjem 
procesiranja traume i izazivanjem simptoma i stanja po-
vezanih sa traumom, kao i stvaranja okolnosti za nova 
interpersonalna traumatska iskustava putem faktora 
kao što su stid, mentalni poremećaji i sklonost ka agre-
sivnom ponašanju. Ovaj potencijalni „perpetuum mobi-
le“ mogao bi biti aktivan ne samo tokom života jedne 
osobe, već bi se mogao širiti i kroz generacije putem 
različitih mehanizama. Potrebno je više istraživanja da 
bi se istražila priroda ovog složenog odnosa, a poseb-
no načini na koje ED mladih postavlja osnovu za dalje 
održavanje traume. Izazovno je empirijski zaključiti koji 
je smer ovog odnosa u različitim studijama, što implicira 
potrebu za metodološkom strogošću u budućim istra-
živanjima.  Praktične implikacije odnose se na sve nivoe 
prevencije kada je u pitanju izloženost mladih traumi i 
ED, ali i zaustavljanje potencijalnog „perpetuum mobi-
le-a“, preventivnim delovanjem u oba smera.

Ključne reči: razvojna trauma, emocionalna disregulacija, međuodnos, adolescenti, mladi
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Summary 
Objective: Sporadic inclusion body myositis (IBM) is a slowly progres-
sive inflammatory myopathy. Clinical presentation comprises asym-
metric distal and proximal limb weakness and dysphagia. Muscle 
biopsy showing rimmed vacuoles are the main diagnostic indicator. 
Method: We showed 8 patients with an IBM at the Neurology Clinic 
of the University Clinical Center Serbia in the period 2009-2024. We 
analyzed medical records, focusing on the following characteristics: 
sociodemographic data, age and presenting symptoms at disease 
onset, comorbidities, findings from neurological examinations, IBM 
functional rating scores, and results from laboratory and diagnostic 
procedures.   
Results: The average age of years at the onset of the disease was 
57.7±0.4 years. The first signs of disease were difficulty walking, dys-
phagia, hand weakness and eyelid ptosis. The average IBMFRS was 
28.7±7.8. Three patients had clinical and ENG signs for polyneuropa-
thy. In four patients, MRI revealed muscle degenerative changes con-
sistent with grade 2b. Muscle biopsy was performed in seven patients 
and they fulfilled the criteria for clinically defined IBM. Five patients 
were treated with IVIG with minimal and short-term improvement. 
Conclusion: Clinical examination and muscle biopsy are essential 
for establishing a diagnosis of IBM. Early diagnosis and early admin-
istration of the right therapy would make the greatest contribution to 
slowing the progression of the disease.
Key words: sporadic inclusion body myositis, case series, muscle bi-
opsy, muscle MRI
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INTRODUCTION

Sporadic inclusion body myositis (IBM) is the most 
common inf lammatory myopathy which begins over 45 
years of age. ​The 272nd ENMC International Workshop, 
held in June 2023, marked a significant milestone in the 
understanding and management of IBM. Building upon 
the 2013 ENMC diagnostic criteria, the workshop intro-
duced several key updates ref lecting advancements over 
the past decade. The updated criteria aim to enhance di-
agnostic accuracy by incorporating recent insights into 
IBM’s pathogenesis and clinical presentation. Emphasis 
is placed on early recognition, especially in atypical cases 
and younger patients, acknowledging the broader spec-
trum of disease manifestations. The criteria now integrate 
novel diagnostic tools, including muscle imaging tech-
niques like MRI and ultrasound, and serological testing 
for cytosolic 5′-nucleotidase-1A (cN1A) antibodies (1). 
The prevalence of IBM is 24.8/1 000 000 (2). Studies have 
shown an association of IBM with the HLA-DRB1*03, 
DRB*03:01, DRB1*01, DRB1*01:01, DRB1*15:02, B*08, 
and the DQB1*02 allele (3). The IBM pathogenesis is still 
undetermined, and probably multifactorial, but there are 
two possible hypotheses: the autoimmune hypothesis 
and the degenerative hypothesis (2,4). 

The diagnostic criteria for IBM are: common pre-
sentation (age ≥ 45 years at symptom onset, ≥12-month 
history of progressive weakness, CK ≤ 15x ULN) with 
common muscle IBM involvement pattern  at presenta-
tion (often asymmetric and accompanied by dysphagia): 
deep finger f lexor (FF) weakness  and/or knee extensor 
(KE), and muscle biopsy findings (mandatory: inf lamma-
tion consisting of endomysial lymphocytes surrounding 
non-necrotic muscle fibers (with or without invasion)), or 
supportive (1. rimmed vacuoles and/or cytoplasmic pro-
tein aggregates; 2. mitochondrial abnormalities (COX- 
SDH+ fibers > age-related); 3. anti-cN1a autoantibody 
positive; 4. typical muscle MRI appearance and/or typi-
cal muscle ultrasound pattern). Diagnosis of IBM is con-
firmed when there is: common presentation with FF and 
KE weakness, and mandatory investigation finding (1). 

Antibodies targeting cytosolic 5’-nucleotidase 1A 
(cN-1A) are currently the only serum-based diagnostic 
marker for IBM. Although enzyme-linked immunosor-
bent assay (ELISA) is the most widely used method for 
their detection, the test’s sensitivity remains relatively 
low (30% to 50%). In contrast, the specificity of cN-1A 
antibodies is generally high—over 90%. However, this 
specificity decreases significantly in patients with oth-
er connective tissue disorders, including systemic lupus 
erythematosus, Sjögren’s syndrome, and dermatomyo-
sitis, where up to one-third may test positive for cN-1A 
antibodies despite not having IBM. Therefore, cN-1A 
antibody results should be interpreted with caution and 
always considered in the context of the patient’s clinical 
presentation (5).

To-date literature underlies that most of the investigated 
therapeutic strategies were insufficiently successful and that 
further randomized controlled trials are needed. However, 
there are conflicting results for some drugs (intravenous 
immunoglobulin (IVIG), arimoclomol, follistatin, canaki-
numab, bimagrumab,…). As a symptomatic approach, bot-
ulinum toxin injections in upper esophageal sphincter can 
improve dysphagia (6,7). Therefore, IBM surely represents 
a great economic burden of the health system (8). 

Our study provides a clinical and pathological work-
up of a single center group of 8 patients with IBM from a 
fifteen-year period. 

MATERIAL AND METHOD

We performed a retrospective analysis of all hospitalized 
patients at the Department of Neuromuscular Diseases 
of the Neurology Clinic of the University Clinical Center 
Serbia (UCCS), Belgrade in the period 2009-2024. with 
a diagnosis of myositis. We identified 8 patients with an 
IBM diagnosis. This retrospective study has been con-
ducted in accordance with all ethical principles of the 
Declaration of Helsinki and in accordance and approval 
with all national and institutional ethical standards. All 
patients had negative family history.  

We analyzed medical records and following character-
istics: sociodemographic (age and gender), age and symp-
toms/signs at onset of disease, co-morbidities, neurological 
examination, fulfillment of the 2024. diagnostic criteria 
for IBM (1), analysis of all other laboratory and other sup-
plementary available diagnostic procedures performed 
during hospitalization (muscle CT, muscle MR, ENG, 
EMG, muscle biopsy). After the biopsy of the muscles, 
the sample was analyzed by microscopy. We calculated an 
IBM functional rating score (IBMFRS) and Barthel Index 
based on functional disability. IBMFRS has a maximum 
value of 40 indicating that the patient is without functional 
disability in the 10 domains examined by this scale (9). 

Depending on the type of variables and the normality 
of the distribution, data will be presented as n (%), mean 
± standard deviation, or median (range). 

RESULTS

The average age of years at the onset of the disease was 
57.7±10.4 years, and the average age at the time of first hos-
pitalization was 63.2±8.17 years. The average duration of 
disease until the first hospitalization and definite diagno-
sis at the Neurology Clinic UCCS was 6.75 (min: 0, max: 
18 years). All patients had a characteristic distribution 
of hypotrophy and muscle weakness of varying degrees 
(weakness of the f lexors of the hands, hypotrophy and 
weakness of the m. quadriceps, weakness of the muscles 
in the anterior compartment of the lower legs) (table 1). 
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Muscle biopsy was performed in 7/8 (87.5%) patients 
and the diagnosis of IBM was confirmed. The eighth pa-
tient had not undergone a muscle biopsy and therefore 
met the criteria for a probable diagnosis of IBM. The 
creatine kinase (CK) level was 694 U/L (min 161 U/L, 
max 1145 U/L) and LDH level was 553.9±129.6 U/L. 

Anti-cN1a autoantibodies were not performed on any pa-
tient. At the time of hospitalization, the average IBMFRS 
was 28.7±7.8 and Barthel index was 69.7±22.3.  

Five patients were treated with IVIG at a dose of 
0.4 g/kg daily for five days, followed by a booster dose of 
0.4 g/kg every 6-8 weeks for at least 6 months. Minimal 

Number of patients

1 2 3 4 5 6 7 8

Sociodemographic characteristics
Gender M1 M M F2 F M F F

Age 59 66 70 70 51 64 73 71
Characteristics of diseases

Comorbidities HTA3

Hemorrhoids
Hepatomegaly
Hiatus hernia

HLD4

HTA HTA
AF5

HLD
Lichen 

chronicus

Right eye 
cataract

HLD

No HTA
AAA11

Tachy-
cardia
Discus 
hernia

AF
HTA

Symptoms on 
IBM onset

Walking Walking Dysphagia Walking Ptosis 
(right)

Hands Walking Walking

Duration  
of disease (y)

18 4 3 2 6 2 13 15

Dysphagia Yes No Yes Yes Yes No No Yes
Diagnostic criteria for clinically defined IBM

I 41 62 67 68 45 62 52 65
II (years) 18 4 3 2 6 2 13 15

III 641 747 599 1145 161 831 500 800
IV Yes Yes Yes Yes Yes Yes Yes Yes
V Yes NA6 Yes Yes Yes   Yes Yes    Yes

Other clinical and diagnostic characteristics 
LDH7 (220-460 

IU/L)
583 716 703 580 374 439 482 NA

Asymmetry Right Right Left Right No No No No
Myopathic 

EMG8
Yes Yes Yes Yes Yes Yes Yes Yes

Neuropathy on 
ENG9

No Yes Yes No No No Yes No

Radiculopathy 
on ENG

No No Yes No No No Yes No

IBMFRS 28 37 21 32 14 29 34 35
Barthel index 60 80 60 65 25 88 90 90

Mobility Amb10 Amb Amb Amb Wheelchair Amb Amb Amb
Therapy

Therapy during 
disease

No No IVIG12 IVIG IVIG IVIG No IVIG

Table 1. Characteristics of patients with sporadic inclusion body myositis (sIBM)

I- Age of onset > 45 years; II- Duration > 12 month; III- Creatine kinase < 15x normal (0-200 U/L); IV- With common IBM 
muscle involvement pattern at presentation: Deep finger flexor (FF) weakness AND/OR Knee extensor (KE) weakness; V- In-
flammation consisting of endomysial lymphocytes surrounding non-necrotic muscle fibers (with or without invasion) 
1Male 2Female 3Hypertension 4Hyperlipidaemia 5Atrial fibrilation 6Not available 7Lactate dechydrogenase 8Electromyography 
9Electroneurography 10Ambulatory11 Abdominal aortic aneurysm 12 Intravenous immunoglobulin
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and short-term improvement was noted. These and other 
clinical and laboratory characteristics were shown in Ta-
ble 1.

Serum protein immunoelectrophoresis in patient 1 
revealed the presence of polyclonal IgG antibodies, while 
urine protein immunoelectrophoresis results were nor-
mal. On the abdomen ultrasound, the diameter of the 
liver was larger (190 mm) than normal. CT of the proxi-
mal third of the thighs showed atrophy and fat infiltration 
and CT of the lower legs were normal. Patient number 2 
had dysesthesias on his legs in the form of short socks and 
hands in the form of short gloves, while electroneurogra-
phy (ENG) showed sensory and motor axonal and demy-
elinating polyneuropathy on upper extremities (UE) and 
lower extremities (LE), which was more expressed on LE. 
The etiology of motor-axonal polyneuropathy remained 
idiopathic. For patients 4,6,7, and 8 MRI of the proximal 
third of the thighs and the lower legs showed muscle de-
generative changes and thighs muscle edema (Figure 1) 
which was consistent with IBM diagnosis. 

In the majority of patients (7/8), pathohistological 
examination showed findings characteristic of IBM and 
in all of them the pathohistological criteria for IBM were 
fulfilled (Figure 2A, 2B, 2C). 
 

DISCUSSION 

We showed 8 patients with IBM and 7 patients had typi-
cal muscle biopsy findings for IBM. The course of the dis-
ease was atypically very slow but still progressive in three 
patients. The onset of disease in one of our patients in the 
form of ptosis was a very rare clinical manifestation.

In the largest percentage of patients, the IBM begins 
with difficulty walking, mostly due to the weakness of m. 
quadriceps. In five patients the first sign was difficulty 
walking, and in two patients the first problem was dys-
phagia.  Dysphagia was a common presenting symptom 
being more frequent in women than men and was during 
the disease course reported in 74% of men and 84% of 
women (10). In our patient number 5, the first sign was 
right eyelid ptosis that lasted a month. In this patient, 
IBM started 6 years before hospitalization, but she has 
the highest functional disability (IBMFRS 14). Extraoc-
ular muscle weakness and ptosis is a very rare initial man-
ifestation of IBM described only as a case report (11). 

The average duration of the disease until definitive 
diagnosis is 4.6-5.8 years (1). In 5/8 (62.5) of our patients 
the diagnosis was made within 6 years, while in patient 1, 
a total of 18 years has passed from the onset of the disease. 
The very slow progressive course of the disease contrib-
uted significantly to this delay. Change in percentage of 

Figure 1. Symmetrical diffuse muscle hypotrophy of all compartments of both upper legs and lower legs, with diffuse edema and fatty degen-
eration in the distal third of the vastus medialis and lateralis m. gastrocnemius medialis, m. tibialis anterior.
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IBMFRS score over time yielded an average decline of 
6.3% per year, with steeper decline in the initial years. 
Older age of onset was associated with a more rapid IBM-
FRS decline (12). 

Up to 25% of IBM patients may have normal serum CK 
level (13). CK level is not associated with muscle strength, 
age, age at onset, and duration of disease (14). Our patient 
number 5 with the most severe deficit had a CK at the ref-
erence values. LDH was elevated in 5/8 (62.5%) of our 
patients. The recent case series showed that LDH levels 
were slightly elevated, periodically very elevated and that 
LDH levels did not correlate with CK levels (15). Also, 
serum markers did not have a statistically significant cor-
relation with any of the clinical measures (16).

Some studies have shown an increased incidence of 
hypertension (HTA), hyperlipidemia (HLD) and myo-
cardial infarction in the patients with IBM (17). In our 
sample, 6/8 (75%) patients had some of these diagnoses 
(Table 1). On the other hand, more recent research has 
not confirmed this, but has found a higher incidence of 
peripheral neuropathy, Sjogren’s syndrome and hemato-
logic malignancies. (18) Three (37.5%) patients had clini-
cal and ENG signs for sensorimotor axonal and demyelin-
ating peripheral neuropathy. Even after all the diagnostic 
tests were done, the polyneuropathy remained idiopathic. 

Although IBM is a slowly progressive disease that 
leads to wheelchairs for a mean time of 12 years (10), 
some patients had minimal progress after 12 years of dis-
ease (18). Despite having lived with IBM for 18, 13, and 
15 years respectively, patients 1, 7, and 8 remain ambula-
tory, though with marked difficulty. IBM was associated 
with increased mortality risk compared with population 
controls, with hazard ratio per 1-year increase of 2.69 
[1.74, 4.15] (p < 0.0001) (18).

Three placebo-controlled studies were performed 
with IVIG in patients with IBM. Although there was an 
improvement in the study groups in comparison with 
the control group, the differences were not statistically 
significant. Owing to its limited quality, this study was 
excluded from meta-analyses. Better-designed studies 
are needed (6,7,20). Our four patients received the IVIG 
recommended dose regimen, but the effects were short-
lived (about three months) and therapy had the greatest 
positive effect on dysphagia. However, based on the most 
recent guidelines, IVIG is no longer considered an appro-
priate treatment for IBM, and it is no longer used for this 
purpose in Serbia.

Figure 2. A. VGW: Proliferation of connective and fatty tissue is 
moderate, more pronounced interfascicularly. PAS: Glycogen con-
tent is preserved. Gomori trichrome: The distribution and density 
of mitochondria is grossly disturbed. Irregular to oval vacuoles are 
clearly visible and most of them contain material that is colored red 
(according to the “rimmed” vacuole type). Significant cytoplasmic 
bodies can also be observed in certain fibers.
B. A focal inflammatory infiltrate of the mononuclear type (LCA+) 
was observed with the presence of macrophages (CD68+) and a 
clearly expressed phenomenon of myophagocytosis. The expression 
of the host compatibility complex (MHC I) is disturbed with in-
creased intensity both in the inflammation zone and with expression 
on the membrane and in the cytoplasm. The immune profile of lym-
phocytes is T type (dominantly CD8+ and CD3+).
C. The presence of positive fibers, sarcoplasmically granulated in 
the form of protein aggregates of the autophagic marker p62 and the 
positivity of the protein aggregating marker TDP-43, as well as Ubiq-
uitin was observed. Angular fibers and fibers in active denervation 
express NCAM (CD56+) on the membrane and in the cytoplasm.

A B

C
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Limitations

This study is limited by the small sample size which re-
stricts the generalizability. The retrospective design may 
also introduce bias due to incomplete or inconsistent 
medical records. Not all patients underwent the same 
diagnostic procedures leading to potential variability in 
diagnostic certainty. Additionally, treatment outcomes, 
particularly with IVIG, were not assessed using standard-
ized follow-up protocols, limiting conclusions regarding 
therapeutic efficacy. Finally, the absence of a control 
group prevents comparison with other myopathies or 
treatment modalities.

CONCLUSION 

The IBM is a slow progressive disease of unknown etiol-
ogy and unclear pathogenesis, with no effective therapy. 
Clinical examination and muscle biopsy are paramount 

in making the diagnosis. Early diagnosis and the detec-
tion of disease mechanisms in these patients are very sig-
nificant. Early administration of the right therapy would 
make the greatest contribution to slowing the progres-
sion of the disease. 
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SPORADIČNI MIOZITIS SA INKLUZIVNIM TELAŠCIMA – SERIJA SLUČAJEVA 8 
PACIJENATA IZ JEDNOG CENTRA IZ PERIODA OD PETNAEST GODINA
Dejan Aleksić1, Ivo Božović2, Ivana Kezić3, Sanja Gluščević4, Ivana Basta5, Vidosava Rakočević-Stojanović5

Sažetak

Uvod: Sporadični miozitis sa inkluzionim telima (IBM) je 
sporo progresivna inflamatorna miopatija. Klinička slika 
se sastoji od asimetrične slabosti distalnih i proksimalnih 
mišića ekstremiteta i disfagije. Biopsija mišića koja poka-
zuje “rimmed” vakuole je glavni dijagnostički indikator.

Metod: Prikazali smo 8 pacijenata sa IBM na Klinici za 
neurologiju Univerzitetskog kliničkog centra Srbije u pe-
riodu 2009-2024. Analizirali smo medicinsku dokumen-
taciju i sledeće karakteristike: sociodemografske podat-
ke, uzrast i znakove bolesti, komorbiditete, neurološki 
nalaz, IBMFRS, rezultate laboratorijskih i dijagnostičkih 
procedura.   

Rezultati: Prosečna starost godina na početku bolesti 

bila je 57,7±0,4 godine. Prvi znaci bolesti bili su oteža-
no hodanje, disfagija, slabost ruku i ptoza očnih kapaka. 
Prosečan IBMFRS bio je 28,7±7,8. Tri pacijenta su imala 
kliničke i ENG znakove polineuropatije. Kod četiri paci-
jenta MR je pokazala degenerativne promene mišića 
stepena 2b. Biopsija mišića urađena je kod sedam paci-
jenata i oni su ispunjavali kriterijume za klinički definiti-
van IBM. Pet pacijenata je lečeno IVIG sa minimalnim i 
kratkotrajnim poboljšanjem.

Zaključak: Klinički pregled i biopsija mišića su najvažniji 
u postavljanju dijagnoze IBM. Rana dijagnoza i rana pri-
mena prave terapije dali bi najveći doprinos usporava-
nju progresije bolesti.  

Ključne reči: sporadični miozitis sa inkluzionim telima, serija slučajeva, biosija mišića, MR mišića
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Summary 
Introduction: We present a case of Hashimoto’s thyroiditis and se-
vere autonomic dysfunction three months after the resolution of the 
acute phase of COVID-19 infection in a patient with no prior thyroid 
disease and autonomic dysfunction. 
Patient Review: We discuss our patient’s clinical presentation, diag-
nostic evaluation, and subsequent management and follow-up. The 
patient had previously tested positive for COVID-19. A 53-year-old fe-
male developed Hashimoto’s thyroiditis with normal thyroid function 
and severe autonomic dysfunction. Her heart rate variability (HRV) is 
depressed, and her High-Frequency power (HF) is high.  
Conclusion: Our findings suggest that COVID-19 could have long-
term negative effects on antithyroid antibodies. Therefore, testing 
antithyroid antibodies should be included in the follow-up algorithm 
for COVID-19 survivors. Autonomic nervous system dysfunction re-
lated to COVID-19 may be reversible and early aggressive therapy is 
necessary. The new technique is important for the early detection of 
post-acute sequelae of SARS-CoV-2 infection (PASC) in the autonomic 
nervous system. 
Keywords: COVID-19, Hashimoto’s thyroiditis, autonomic dysfunction
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INTRODUCTION 

World Health Organization (WHO) defines post-acute 
sequelae of SARS-CoV-2 infection (PASC) as the de-
velopment of new, continuing, or recurring symptoms 3 
months after the initial SARS-CoV-2 infection, lasting 
at least 2 months (1,2). One of the most common long 
COVID entities is referred to dysautonomia which is 
manifested as fatigue, dizziness, syncope, dyspnea, or-
thostatic intolerance, nausea, vomiting, and heart pal-
pitations (3). It has been observed that within the com-
plex pathogenesis of SARS-CoV-2 infection, especially if 
there is an aberrant immune response, some autoimmune 
diseases could be triggered during an active infection, but 
also during recovery. As for the endocrine system, it has 
been shown that one of the most prevalent COVID-relat-
ed autoimmune diseases is Hashimoto’s thyroiditis (4). 
We present a case of severe dysautonomia and autoim-
mune thyroid disease following SARS-Cov-2 infection. 

CASE REPORT 

A 53-year-old female patient was hospitalized in Febru-
ary 2021 for bilateral COVID-19 pneumonia. Among the 
symptoms on admission, the patient reported high fever, 
severe weakness, headache, and shortness of breath. At 
the emergency room, a chest X-ray revealed bilateral pneu-
monia, a nasopharyngeal swab was positive for SARS-
CoV-2 and her blood test revealed an inf lammatory state 
with a marked increase in CRP (C-reactive protein) - 21 
mg/L and a D-dimer within the range. She was on oxygen 
therapy, corticosteroids, and other symptomatic therapy. 
In her personal history, she reported asthma in childhood 
which was treated until 2016 with a Symbicort inhaler. 
Family history is positive for diabetes mellitus type 2, car-
diovascular diseases, and colorectal carcinoma. 

Three months later, due to severe fatigue accompanied 
by palpitations, dizziness or lightheadedness (especially 
when standing up), fatigue, weakness, chest pain, short-
ness of breath, lack of concentration, frequent headaches, 
trouble swallowing, and constipation, she visited a cardiol-
ogist. The cardiologist’s objective finding was that the pa-
tient was conscious, oriented, compensated, and normally 
nourished (BMI (body mass index) 25 kg/m2). The car-
diac function was described as rhythmic, with clear tones, 
and without murmurs. Over the lungs, there was a normal 
respiratory sound without accompanying findings. The liv-
er and spleen were not palpable as enlarged, kidneys were 
insensitive to percussion and the lower extremities were 
without edema and varicose veins. The ECG (electrocar-
diogram) finding was normal with sinus rhythm, frequen-
cy 78/min, without changes in the T wave and ST segment.

As part of additional diagnostics, the function of the 
thyroid gland was evaluated because the patient had fa-
tigue, trouble swallowing, and constipation. The level 
of thyroid hormones was within the physiological range 
(FT4 14 pmol/l FT3 5.14 pmol TSH 1.2 uIU/ml). Thyroid 
antibodies were elevated (Anti-TPO 114.48 IU/ml and 
Anti-Tg antibodies 4.14 IU/ml) which indicated autoim-
mune thyroid diseases. Ultrasonographically, the thyroid 
gland was described as hypoechogenic, with regular posi-
tion and size, and with a nonhomogeneous pseudo-nodu-
lated structure. The patient did not respond adequately to 
conventional hormone replacement therapy with levothy-
roxine. She was treated with Prednisone therapy one 
month after COVID-19 pneumonia. Throughout this 
period, she consistently took supplements including se-
lenium, zink, magnesium, and vitamin D to support thy-
roid hormone metabolism. The patient had no other viral 
infections such as Herpes (HSV), Epstein-Barr (EBV), or 
inf luenza after COVID-19 pneumonia. 

Furthermore, the patient was tested according to 
the protocols in the Neurocardiology Laboratory for 

Parameter First value* Second value** Normal range

IBI (INTERBEAT INTERVAL) 791 855 785 -1160

SDNN 55 75 102 - 180

PNN 50% 6-29 15-32 >3%

RMSSD 46 39 19 - 107

TOTAL POWER 2514.1 2198.5 750 - 12000

VLF 600 1358.1 400 - 1750

LF 1344 664.1 300 - 1750

HF 557.6 163 50 - 120

LF/HF ratio 2.4 4.1 1.5 -2

Table 1. Short-term heart rate variability analyses  

*First value on the beginning **Value after 3 years IBI interbeat interval SDNN Standard deviation of NN intervals
PNN% Percentage of successive RR intervals that differ by more than 50 ms RMSSD Root mean square of successive RR interval differences VLF -very 
low- frequency power LF- low- frequency power HF -high- frequency power
LF/HF ratio <1,5 Parasympathetic dominance
LH/HF ratio>2 Sympathetic dominance
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accessing ANS function. The protocol included com-
plete testing of the ANS Ewing battery tests (Ewing DJ, 
Clarke BF 1982.), 24-hour Holter ECG, and ambulatory 
blood pressure monitoring. Complete testing first includ-
ed cardiovascular ref lex tests, followed by short-term 
heart rate variability (HRV) mathematical analysis in 
frequency-domain and time domain (Table 1).

Ewing battery of autonomic tests consists of various 
analyses of heart rate variations during deep breathing 
(DB), lying to standing (LS), standardized Valsalva ma-
neuver (VM), analysis of blood pressure variations on 
standing (PH) and sustained handgrip (SHG). The ex-
istence of autonomic dysfunction is determined by the 
scoring system for the group of tests that the Ewing bat-
tery consists of and 24-hour Holter ECG (Tables 2,3,4).

Table 3. Results of Ewing s̀ cardiovascular reflex tests

Tests for accessing autonomic function

Hand grip test 2

Median (min-max) (0-2)

Orthostatic hypotension 0

Median (min-max) (0-2)

Sympathetic dysfunction 1

Median (min-max) (0-1)

Valsalva maneuver 2

Median (min-max) (0-2)

Deep breathing test 1

Median (min-max) (0-2)

Stand up test 2

Median (min-max) (0-2)

Parasypathetic dysfunction 2

Median (min-max) (0-2)

Total 7 (severe autonomic 
dysfunction)

A 24-hour blood pressure Holter showed that the sys-
tolic blood pressure was within the reference values in 
67% of the measurements, while the diastolic pressure 
was in the reference values in 74%, the maximum blood 
pressure measured was 145/104 mmHg - detailed report 

in the attachment. The results of ANS testing showed that 
the patient had severe complete autonomic dysfunction 
(Table 4). Short-term frequency-domain spectral analysis 
showed higher HF, associated with modification in para-
sympathetic activity. Tilt-Table Test (5,6) was positive 
(orthostatic hypotension). The patient had reduced HRV 
during a deep breathing maneuver. The LF/HF (Low Fre-
quency/High Frequency power) ratio was high (Table 1).

Follow-up after three years indicated that the treat-
ment provided by endocrinologists and cardiologists 
was effective. The function of the thyroid gland is good, 
function of the autonomic nervous system has improved. 
The level of thyroid hormones is within the physiologi-
cal range (FT4 15.4 pmol/l, FT3 4.88 pmol/l, TSH 2.35 
mIU/l). Thyroid antibodies are a little higher than 3 years 
ago (Anti-TPO antibodies 148.0 IU/ml and Anti-Tg anti-
bodies 77.0 IU/ml) (Table 5).

Table 5. Hormonal and immunological analyses 

Parameter First value* Second value** Normal range

FT4 14 15.4 9.0-19.1 pmol/l

FT3 5.14 4.88 2.63-5.70 pmol/l

TSH 1.2 2.35 0.35-44.94 mIU/l

Anti-TPO 114.48 148 0.00-5.61 IU/ml

Anti-Tg 4.14 77 0.00-4.11 IU/ml

*First value on the beginning **Value after 3 years
FT4-free thyroxine
FT3-free triodothyronine
TSH-thyroid-stimulating hormone
Anti-TPO-Thyroid peroxidase antibodies
Anti-Tg-Thyroglobulin antibodies

DISCUSSION 

Globally, 6,957,216 people have died from COVID-19, 
with an estimated mortality rate of approximately 1% in 
Serbia (7, 8). However, PASC is a much greater burden 
for the health system. One study found that PASC led 
to more than 80 disability-adjusted life years, or DALYs, 
for every 1,000 people who weren’t hospitalized for their 
initial infection (9). Most patients tested positive for 

Normal Result
(0)

Borderline Result
(1)

Pathological Result
(2)

Handgrip Test > 16 mmHg 11-15 mmHg < 30 mmHg

Orthostatic Hypotension < 10 mmHg 11-29 mmHg > 30 mmHg

Valsalva Maneuver Test > 1.21 mmHg 1.11-1.20 mmHg < 1.10 mmHg

Deep Breathing Test > 15 mmHg 11-14 mmHg < 10 mmHg

Stand Up Test > 1.04 mmHg 1.01-1.03 mmHg < 1.0 mmHg

Table 2. Ewing battery test scoring system

Score 0-1 2-3 4-6 7-10

Level of ANS dysfunction Normal Result Mild dysfunction Moderate dysfunction Severe dysfunction

Table 4. Level of ANS dysfunction scoring system
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COVID-19 and recovered, but the latest data indicate 
that every fifth patient experiences a variety of mid- and 
long-term effects after convalescence (10). For the new 
treatment for PASC, it is important to consider viral 
persistence or reactivation of viruses. The persistence of 
SARS-CoV-2 RNA or antigens has been reported in some 
organs, but the pathogenic immune response remains 
unclear (11). The most common symptoms of PASC are 
chronic fatigue, cognitive symptoms, orthostatic hypo-
tension, chronic pain, etc. (12). Many of these symptoms 
could be found in patients with autonomic dysfunction 
and hypothyroidism, such as our reported case. 

Minnotti et al. (2024) retrieved 35 studies with data on 
42,934 children, adolescents, and adults under 20, who had 
post-viral infection symptoms (13). These studies report-
ed both physical and physiological symptoms, with similar 
symptom duration for PASC and post-EBV (gastrointesti-
nal virus syndromes, ranging between 10 days to 18 months. 

As expected, fatigue was a dominant persistent 
symptom of the post-EBV and PASC conditions in old-
er children and adolescents, which likely hindered their 
everyday tasks and activities. However, neurocognitive 
symptoms such as the lack of concentration and loss of 
taste and smell were specific to post-COVID conditions, 
and even their underlying mechanics were unestablished 
(13). Some of the previous studies described similar cases 
to the one we are presenting. Some people with Hashimo-
to’s thyroiditis have normal thyroid-stimulating hormone 
(TSH). The treatment for Hashimoto’s disease with nor-
mal TSH usually does not involve medication. Instead, 
there are lifestyle changes a person can make, like getting 
optimal nutrition that can help them manage the diseas-
es. The patient in our reported case consumed selenium, 
zinc, magnesium, and vitamin D supplements to improve 
thyroid hormone metabolism. Three years later thyroid 
function is normal but thyroid antibody is high. The pa-
tient in our reported case had severe autonomic dysfunc-
tion. She was treated with diet without gluten, lactose, and 
refined sugar, beta-blockers (Concor) and natural antioxi-
dants (glutathione, coenzyme Q10), antioxidant vitamins 
(Vitamin C, Vit.B12, Vit D). She used NADH which plays 
a role in generating energy in organisms and peptan col-
lagen which is helpful for joint, bone, and muscle health. 

Agnihotri et al. presented a case of autonomic neuropa-
thy as a PASC in a 47-year-old woman. The patient report-
ed palpitations, hyperhidrosis, and tremulousness but in 
comparison to our patient, without syncopal events. Au-
tonomic testing results indicated sympathetic vasomotor 
impairment but without a significant drop in blood pres-
sure in a 10-minute head-up tilt test.  During autonomic 
testing, tachycardia response in the second half of the tilt 
period could explain symptoms such as palpitations, agi-
tation, and vertigo (14). Test results of our patient did not 
indicate a drop in pressure in the Tilt-up test, but other 
tests showed that there is a pathological response of ANS.  

In a Mayo Clinic study of patients with symptoms 
related to postinfectious autonomic dysfunction after 
COVID-19, 63% were found to have abnormal findings 
on standardized tests of autonomic function, such as car-
diovagal function, which analyzes heart rate responses to 
deep breathing and the Valsalva maneuver (15).

Our findings suggest that our patient had depressed 
HRV during the deep breathing test, indicating parasym-
pathetic dysfunction. 

Jammoul et al. investigated the possible pathophysi-
ological mechanism of autonomic dysfunction as PASC 
(16). They suggested persistent inf lammation, hypox-
ia, sympathetic overactivation due to higher release of 
pro-inf lammatory cytokine, and tissue damage as one 
of the key factors involved in the pathogenesis of the 
disease. Imbalance of the renin-angiotensin aldosterone 
system, due to the binding of the SARS-Cov-2 virus to 
ACE-2 receptors with  consequent effects on blood pres-
sure and volume, and viral invasion of autonomic centers 
could also be the possible mechanisms (17). 

It has been shown that virus infection in predisposed 
individuals could lead to the activation of some auto-
immune diseases (18). Since the SARS-Cov-2 infection 
outbreak, many cases of endocrine autoimmune diseases 
have been reported during the active infection or recov-
ery period. Feghali et al. noted several cases of autoim-
mune thyroid gland disease related to COVID-19. One of 
the patients was a 38-year-old health worker who tested 
positive for COVID-19 and a month later noted thyroid 
enlargement along with fatigue, dry skin, and depression.  
Laboratory tests pointed to elevated TSH, anti-thyroid 
peroxidase antibodies, anti-thyroglobulin antibodies, 
and decreased levels of thyroid gland hormones. Results 
from fine needle aspiration biopsy verified the diagno-
sis of chronic lymphocytic thyroiditis – Hashimoto’s 
disease (4). The results of our patient are the same with 
the exception that the thyroid hormones are in the phys-
iological range. However, it is not excluded that later au-
toimmune thyroiditis will become manifest and lead to 
hypothyroidism. Some people with Hashimoto’s disease 
have normal TSH levels. In such cases, treatment usually 
does not involve medication. Instead, lifestyle changes, 
such as obtaining optimal nutrition, can help manage 
the disease. The patient in our case report consumed se-
lenium, zinc, magnesium, and vitamin D supplements to 
improve thyroid hormone metabolism. Three years lat-
er, thyroid function is normal, but thyroid antibody lev-
els remain high. The patient also had severe autonomic 
dysfunction. The patient was treated with a diet free of 
gluten, lactose, refined sugar, beta-blockers (Concor), 
natural antioxidants (glutathione, coenzyme Q10), and 
antioxidant vitamins (vitamin C, vitamin B12, vitamin 
D). She also used NADH, which plays a role in generating 
energy in the body, and peptan collagen, which is benefi-
cial for joint, bone, and muscle health. 
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Hypothyroidism is a commonly seen endocrine dis-
order with a well-known pathophysiological background 
and a thoroughly established association with other med-
ical disorders (19). The underlying mechanism of most 
of the cardiovascular and neurological manifestations of 
hypothyroidism could be due to autonomic dysfunction. 
Antony et al. investigated the connection between the 
hypofunction of the thyroid gland and dysautonomia.  
Results showed that severe autonomic dysfunction is far 
more common in hypothyroid individuals in comparison 
to euthyroid patients. About ¾ of the patients were diag-
nosed with sympathetic dysfunction and of ⅔ individuals 
had parasympathetic dysfunction. No significant associ-
ation between autonomic dysfunction and the duration 
of hypothyroidism was found (20). Since sympathovagal 
imbalance is associated with an increased risk of develop-
ment of arrhythmias and sudden cardiac death one of the 
required tests is heart rate variability (HRV). Brusseau 
et al. (2022) investigated in their meta-analysis how hy-
perthyroidism inf luences HRV parameters (21). Their 
study concluded that heart rate variability is decreased 
in hyperthyroid patients, with increased sympathetic and 
decreased parasympathetic activity (21). These results 
could be explained by the various effects thyroxine has 
on the cardiovascular and autonomic systems (22). Al-
though short-term spectral analysis showed higher, it can-
not be claimed with certainty that the cause of heart rate 
variability is autoimmune thyroiditis, because the patient 
was euthyroid all the while. A worsening of symptoms can 
certainly be expected if thyroiditis progresses to hypothy-
roidism.

Ashrafi et al. (2024) found in meta-analysis a 26% 
prevalence of NTIS (non-thyroidal illness syndrome) and 
a 10% prevalence of thyrotoxicosis (23). Therefore, it can 
be inferred that SARS-CoV-2 can affect the thyroid either 
directly (via direct viral effects) or indirectly (through 
immune system dysregulation). It is noteworthy that 
some patients experiencing thyroiditis after COVID-19 
experience a subclinical hypothyroidism phase about 
three months later (24). Furthermore, Graves’ disease 
and Hashimoto’s thyroiditis can occur several months 
after subacute thyroiditis, raising the possibility that viral 
infection may cause autoimmune thyroid disease (24). 

The connection between Hashimoto’s thyroiditis and 
dysfunction of the autonomic nervous system remains 
unclear. 

The cerebellum plays a vital role in the regulation of 
the hypothalamus which is most important in the reg-
ulation of ANS. Initial brain MRI of Hashimoto’s thy-
roiditis was normal but follow-up MRI showed diffuse 
cerebellar atrophy. Similar outcomes have been reported 
in Anti-TPO antibodies that have been shown to bind to 
cerebellar glial cells (25).

CONCLUSION 

Our findings suggest that COVID-19 could have long-
term negative effects on antithyroid antibodies. There-
fore, testing antithyroid antibodies should be included 
in the follow-up algorithm of COVID-19 survivors. The 
COVID-19 dysfunction of the autonomic nervous sys-
tem may be reversible, and early aggressive therapy is 
necessary. The new technique is important for the early 
detection of PASC in the autonomic nervous system. 
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TEŠKA AUTONOMNA DISFUNKCIJA POVEZANA SA AUTOIMUNIM 
TIREOIDITISOM KOD POST-KOVID 19 PACIJENTA
Gordana Milić1, Milica Milošević1, Maša Ristić1, Nikola Mitović2, Ljubica Dimitrijević1, Bojana Šalović3, Tanja Ješić Petrović4

Sažetak

Uvod: Cilj našeg rada je prikazati slučaj Hašimoto tiroi-
ditisa i teške autonomne disfunkcije koji su se razvili tri 
meseca nakon oporavka od akutne faze infekcije iza-
zvane kovidom 19 kod 53-godišnje  pacijentkinje bez 
prethodne istorije bolesti štitaste žlezde i autonomne 
disfunkcije. 

Prikaz slučaja: Klinička evaluacija pokazala je očuvanu 
funkciju štitaste žlezde uprkos dijagnozi Hašimoto tiroi-
ditisa, uz izraženu autonomnu disfunkciju — smanjenu 
varijabilnost srčane frekvencije (HRV) i povišenu kompo-
nentu visoke frekvencije (HF) u spektru snage.  Diskuto-

vani su klinički tok, dijagnostički pristup i strategije leče-
nja, kao i praćenje pacijentkinje.  

Zaključak: Naša istraživanja ukazuju na to da infekcija 
virusom kovid 19 može imati dugoročne negativne efek-
te na antitireoidna antitela. Stoga, testiranje antitireoid-
nih antitela treba  da bude uključeno u algoritam pra-
ćenja kod osoba koje su preležale kovid 19. Disfunkcija  
autonomnog nervnog sistema uzrokovana kovidom 19 
može biti reverzibilna, te je neophodna  rana i agresivna 
terapija. Stoga je važno rano otkrivanje disfunkcije auto-
nomnog nervnog  sistema u PKS (post-kovid sindromu).

Ključne reči: kovid 19, Hašimoto tiroiditis, disfunkcija autonomnog nervnog sistema
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