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Dear Editor,

It is with considerable interest that | have perused
the recently published contribution by Bhatia, entitled
“Ribonucleic Acid Isolation from Human Mononuclear
Cell Culture with Magnetic Beads Pre-enrichment for
Molecular Analysis,” set forth within Sanamed, vol-
ume 19(1). The author addresses a conundrum of pro-
nounced import for those engaged in molecular analy-
ses and the development of immunotherapies. As such,
the established diffculty of extracting ribonucleic acid
(RNA), particularly from mononuclear cell (MNC)
cultures exceeding a few months in age, is well docu-
mented within the author’s own laboratory experience,
having persisted, as stated, for over two years of con-
sistent failure.

The developed methodology, centered upon the
pre-enrichment of the cultured MNCs utilizing Cluster
of Differentiation 45 (CD45)-specifc magnetic beads
antecedent to the customary mini column isolation,
proves effcacious where previous attempts faltered.
The successful isolation of RNA from cultures ex-
ceeding six months in duration—confrmed through
spectrophotometric yield measurements and subse-
quent conventional and real-time Polymerase Chain
Reaction (PCR) assays for the beta-actin housekeep-
ing gene—is indeed a notable technical advancement.
The assertion that this study constitutes the inaugural
demonstration of isolating RNA from aged human
MNC cultures via specifc magnetic beads is, moreo-
ver, a claim that warrants careful consideration.

Notwithstanding the demonstrated success of this
technique, one might cast an inquiring gaze upon cer-
tain aspects of the execution and presentation. Firstly,

Prihvaéen/Accepted: 13. 12. 2025.

Online First: 23. 12. 2025.

the affliation of the esteemed author with Genekam
Biotechnology AG, which entity serves as the sole
source for the crucial magnetic beads, the mini column
isolation kit, the PCR Kits, and the specialized mag-
netic rack, invites circumspection. Whilst proprietary
methods often feature in novel protocols, the near-total
reliance upon reagents and apparatus supplied by the
author’s own commercial interest renders the protocol
less immediately accessible or generalizable for lab-
oratories not possessed of the aforementioned instru-
ments and supplies. The effcacy of the method, there-
fore, appears for the present to be closely associated
with this particular commercial supply chain.

Secondly, whilst the author reports that the initial
method failed consistently over two years, and that
isolation without magnetic beads was not achieved,
the results presented lack detailed quantitative metrics
comparing the failed isolations to the successes. The
presentation of “failure” in Table 1 illustrates the ne-
cessity of the pre-enrichment step, yet does not afford
the readership an optimal means to gauge the precise
extent of nucleic acid degradation or inhibition encoun-
tered previously—data which would further illuminate
the magnitude of the technical challenge overcome.

Finally, the discussion alludes to further conse-
quential applications of the isolated RNA—namely,
its conversion to complementary DNA (cDNA) and
subsequent use for other purposes—yet these vital da-
ta are deferred for “future publications.” Herewith, a
more comprehensive elucidation of the robustness of
the isolated material might have been advantageous-
ly reserved for this singular publication, ensuring that
the full scope of the methodology’s utility is presented
forthwith (1).
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In essence, whilst the developed magnetic bead
pre-enrichment methodology provides a much-need-
ed solution for obtaining RNA from refractory MNC
cultures, it is sincerely hoped that future work will in-
clude more extensive comparative data and endeavor
to ascertain the protocol’s viability utilizing reagents
sourced from diverse suppliers, thereby further affrm-
ing its widespread applicability in molecular diagnos-
tics and therapeutic development. This issue merits
further investigation. We thank Bhatia et al. (1) for
their valuable study on RNA isolation from human
MNC culture with molecular analysis.

Abbreviations

MNC - Mononuclear Cells

CD45 — Cluster of Differentiation 45
PCR - Polymerase Chain Reaction
RNA - Ribonucleic Acid

cDNA — Complementary DNA
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Abstract: Background: Incisional hernia is a ma-
jor complication of abdominal surgery, leading to pain,
functional impairment, and increased healthcare costs.
This study aimed to identify and rank risk factors for
incisional hernia in patients undergoing Cesarean sec-
tion or open gynecologic surgery, and to evaluate strat-
egies for early detection.

Methods: From January 2023 to June 2025, a
prospective observational study enrolled 200 wom-
en, each followed for 12 months. Half of the women
underwent Cesarean section (n = 100) and the other
half underwent open gynecologic surgery (n = 100).
Data were collected on patient demographics, body
mass index, comorbidities, surgical details, and com-
plications. The primary outcome was the incidence of
incisional hernia within one year, assessed by clinical
examinations at 6 weeks, 6 months, and 12 months.

Results: The overall incidence of incisional her-
nia was 8.0% (16/200), with 6.0% (6/100) after Cesar-
ean section and 10.0% (10/100) after open gynecolog-
ic procedures. Multivariable analysis identifed inde-
pendent risk factors: higher body mass index (adjusted
odds ratio 1.12 per unit, 95% confdence interval 1.05-
1.19, p<0.001), vertical incision (odds ratio 4.10, 95%
Cl 1.75-9.60, p = 0.001), postoperative wound infec-
tion (odds ratio 5.22, 95% CI 2.15-12.67, p < 0.001),
and history of two or more prior Cesarean sections
(odds ratio 3.85, 95% CI 1.42-10.45, p = 0.008). Con-
tinuous fascial closure was protective (odds ratio 0.42,
95% CI 0.20-0.88, p = 0.022). Early patient-reported
symptoms preceding diagnosis included a palpable
bulge (75%), persistent pain (62.5%), and discomfort
during activity (50%).

Conclusion: Higher body mass index, vertical in-
cisions, wound infection, and multiple prior Cesarean

Prihvacen/Accepted: 26. 10. 2025.
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sections are signifcant risk factors for incisional her-
nia. Using transverse incisions and continuous fascial
closure, when possible, together with vigilant wound
care and patient education on self-examination for ear-
ly symptoms, can help reduce risk and enable early
detection in high-risk patients.

Keywords: Incisional hernia, Cesarean section,
gynecologic surgery, risk factors, prospective study,
obesity, surgical site infection.

INTRODUCTION

An incisional hernia (IH) is a common adverse
outcome of abdominal surgery that can result in sub-
stantial morbidity (1) and increased medical expenses
(2). Research indicates a strong correlation between
the number of Cesarean sections (CSs) performed on
a patient and the subsequent risk of incisional hernia
(IH) (3). Reported incidence rates of IH after CS vary
widely. Paulsen et al. (4), in a systematic analysis of
fve studies comprising 275,878 women with a previ-
ous CS, reported an occurrence of IH after CS between
0.0% and 5.6%, with follow-up periods ranging from
six months to ten years.

Incisional hernia repair operations are often used
as a proxy for the true incidence of IH, which likely
underestimates the total number of clinically signif-
cant cases. In one cohort where transverse incisions
were the primary approach, the overall probability of
an IH necessitating surgical repair within ten years fol-
lowing CS was 2 per 1000 deliveries (5).

The incidence of IH following gynecological sur-
geries has been reported to range from 2% to 17%,
with risk variables comparable to those observed in
gastrointestinal surgery (6). Gynecological operations
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have been recognized as an independent risk factor for
IH (6,7). Studies indicate that the overall incidence
of IH after off-midline and Pfannenstiel incisions is
typically much lower than after midline laparotomy.
Although Pfannenstiel incisions are often used for
procedures such as CS, they may be inadequate for
gynecological oncology procedures requiring wider
surgical exposure (8).

Other established patient-related risk factors in-
clude obesity, diabetes, and advanced age, while surgi-
cal risk factors encompass vertical midline incisions,
suture technique, postoperative surgical site infection
(SSI), history of multiple CSs, and postoperative be-
haviors such as sedentary lifestyle.

Despite this knowledge, prospective data specif-
ically stratifying risk factors and the natural history
of IH in these common surgical populations remain
limited. This study prospectively evaluated risk fac-
tors, symptomatology, and timing of IH after CS and
open gynecologic surgery, with the goal of informing
risk-stratifed prevention and surveillance strategies.

PATIENTS AND METHODS
Research design and participants

A prospective observational cohort study was
conducted from January 2023 to June 2025 at the De-
partments of General Surgery and Obstetrics & Gy-
necology at Bin Tayyab Medical Complex (BTMC),
Hyderabad, Pakistan. Consecutive women scheduled
for elective or emergency Cesarean section (CS; n =
100) or open gynecologic procedures (n = 100) via
Pfannenstiel or midline incision were recruited. Ex-
clusion criteria included pre-existing abdominal wall
hernias, prior hernia repair surgery, inability to provide
informed consent, or plans to relocate that would pre-
vent follow-up. The study received ethical approval
from the BTMC Institutional Review Board, and all
participants provided written informed consent.

Data Collection

Baseline data collected preoperatively included:

» Demographics: Age, parity.

» Anthropometrics: Height and weight were meas-
ured to calculate Body Mass Index (BMI).

» Medical History: Comorbidities (hypertension,
diabetes mellitus), smoking status, and history of pri-
or abdominal surgeries, with specifc notation of the
number of previous Cesarean sections (CS).

« Surgical Details: Type of incision (Pfannenstiel
vs. midline) and fascial closure technique (continuous
vs. interrupted).

Patients were followed up at 6 weeks, 6 months,
and 12 months through scheduled clinic visits. At each

visit, a surgeon performed a physical examination to as-
sess for an IH, diagnosed as a palpable defect or bulge
at the surgical site. Patients were also interviewed using
a structured questionnaire regarding symptoms, includ-
ing persistent pain (rated on a visual analog scale), sen-
sation of a bulge, discomfort during physical activity,
or a feeling of pressure.

The occurrence of postoperative wound infection,
defned according to CDC criteria and requiring antibi-
otic treatment or intervention, was recorded. Physical
activity levels were self-reported and classifed into
three categories: low (< 30 minutes of moderate activ-
ity per week), moderate (30-150 minutes per week),
and high (> 150 minutes per week).

Clinical Endpoint

The primary outcome was the incidence of a
clinically detectable incisional hernia (IH) within 12
months post-surgery.

Secondary outcomes included:

1. Time from surgery to hernia detection.

2. ldentifcation of independent risk factors for IH
development.

3. Analysis of initial symptoms reported before
diagnosis.

Statistical Analysis

All data were analyzed using SPSS version 27.0.
Continuous data with normal distribution are pre-
sented as means + standard deviations, while skewed
continuous data are expressed as medians with inter-
quartile ranges. Categorical variables are reported as
frequencies and percentages.

Comparisons between groups were performed us-
ing the independent-samples t-test, Mann—Whitney U
test, or Chi-square test, as appropriate. To identify po-
tential risk factors, univariate logistic regression was
frst used (p < 0.10 threshold). Variables meeting this
criterion were entered into a multivariable logistic re-
gression model using a backward stepwise approach to
determine independent predictors. Results are reported
as adjusted odds ratios (ORs) with 95% confdence in-
tervals (Cls). A p-value < 0.05 was considered statisti-
cally signifcant.

RESULTS

Participant characteristics at enrollment

Table 1 summarizes the baseline characteristics
of the 200 study participants. On average, participants
were 34.2 years old (x 6.5 years) with a mean BMI of
28.5 kg/m2 (+ 4.2 kg/m2). In the Cesarean section (CS)
group, the median number of prior deliveries was 1,
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Table 1. Descriptive statistics of the study population
. Overall Cesarean Section | Open Gynecologic
Characteristic (n = 200) (n = 100) (n = 100) p-value

Age (years), mean + SD 34.2+6.5 32.8+5.9 35.6 +6.8 0.003
BMI (kg/m?), mean + SD 28.5+4.2 29.1+45 27.9+3.9 0.038
Parity, median [IQR] 211, 3] 2[1,3] - -
> 2 Prior Cesareans, n (%) 45 (22.5) 45 (45.0) - -
Incision Type, n (%) <0.001

Pfannenstiel 100 (50.0) 85 (85.0) 15 (15.0)

Midline 100 (50.0) 15 (15.0) 85 (85.0)
Closure Technique, n (%) 1.000

Continuous 160 (80.0) 80 (80.0) 80 (80.0)

Interrupted 40 (20.0) 20 (20.0) 20 (20.0)
Comorbidities, n (%)

Diabetes Mellitus 10 (5.0) 5 (5.0) 5 (5.0) 1.000

Hypertension 20 (10.0) 8 (8.0) 12 (12.0) 0.343
Postoperative Wound Infection, n (%) | 25 (12.5) 10 (10.0) 15 (15.0) 0.278

with an interquartile range of 1 to 2, indicating that the
middle 50% of values fell between 1 and 2.

The median time to hernia detection in our
study was 5.5 months (interquartile range [IQR]: 3-9
months). Open gynecologic procedures included hys-
terectomy (65%), myomectomy (25%), and oophorec-
tomy (10%). The use of midline incisions was signif-
icantly higher in the open surgery group, occurring in
70% of cases, whereas it was less common in the CS
group (15%), where Pfannenstiel incisions predomi-
nated (85%). Continuous fascial closure was used in
80% of all procedures.

Incidence and Time to Detection

The overall incidence of incisional hernia at 12
months was 8.0% (16/200). The incidence was 6.0%
(6/100) following Cesarean section (CS) and 10.0%
(10/100) after open gynecologic procedures. The aver-
age time to hernia detection was 6 months, with most
detections occurring between 4 and 8 months.

A Kaplan-Meier curve illustrating cumulative in-
cidence over time is presented in Figure 1. In Figure 2,
the median time to hernia detection after open gyneco-
logic operations is shown at 5.6 months by a line with-
in the box, which spans an interquartile range (IQR) of
4-8 months (Q1 = 4 months, Q3 = 8 months). Figure
2 clearly illustrates the spread and central tendency of
the data. In contrast, the IQR for the CS group (1-2
months) is shown as a smaller, tighter box, represent-
ing a narrow spread of data.

Thus, Figure 1 shows the approximate hernia-free
survival over 12 months for CS and open gynecologic
surgery patients, whereas Figure 2 visualizes the dis-
tribution of time to hernia detection (IQR 4-8 months)
for each group, including individual patient events.

Kaplan-Meier Curve (Approximate)
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Figure 1. Kaplan—Meier curve showing the cumulative

incidence of incisional hernia over 12 months postop-

eratively, comparing Cesarean section and open gyne-

cologic surgery patients. The x-axis represents time in

months, and the y-axis represents the cumulative prob-
ability of hernia occurrence
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Figure 2. Box-and-whisker plot showing the time to

incisional hernia detection among patients diagnosed

with IH (n = 16). The median is indicated by the line

within the box, the interquartile range (IQR) by the

box, and the whiskers represent the minimum and max-
imum values
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Risk Factor Analysis

Univariate analysis identifed higher BMI, verti-
cal incision, postoperative wound infection, and a his-
tory of two or more prior Cesarean sections as signif-
cant factors associated with IH development (Table 2).

DISCUSSION

This prospective observational study provides ro-
bust evidence for risk stratifcation of incisional hernias
(IH) following common gynecological and obstetric sur-
geries. Our fndings confrm and quantify several estab-

Table 2. An analysis of the unadjusted association between variables and the development of incisional hernia

Variable No Hernia Hernia OR p-value
(n=184) (n=16) (95% CI)
Age (years), mean + SD 34.0+6.5 36.1+6.8 1.05(0.98 - 1.13) 0.158
BMI (kg/m?), mean + SD 28.2+4.0 31.8+45 1.22 (1.12-1.33) | <0.001
Vertical Incision, n (%) 88 (47.8) 12 (75.0) 3.27 (1.08 - 9.87) 0.036
Wound Infection, n (%) 18 (9.8) 7(43.8) 7.14 (2.45 - 20.80) | <0.001
History of > 2 Prior Cesareans, n (%) 38 (20.7) 7(43.8) 3.00 (1.08 - 8.33) 0.035
Diabetes Mellitus, n (%) 8 (4.3) 2 (12.5) 3.13(0.62-15.87) | 0.169
Continuous Fascial Closure, n (%) 150 (81.5) 10 (62.5) 0.38 (0.14 - 1.03) 0.057
Table 3. Statistical analysis of incisional hernia risk factors
Variable Adjusted OR 95% C | p-value
BMI (per unit increase) 1.12 1.05-1.19 <0.001
Vertical Incision 4.10 1.75-9.60 0.001
Postoperative Wound Infection 5.22 2.15-12.67 <0.001
History of > 2 Prior Cesareans 3.85 1.42 -10.45 0.008
Continuous Fascial Closure 0.42 0.20-0.88 0.022

In the multivariable logistic regression model
(Table 3), higher body mass index (per unit increase),
vertical incision, postoperative wound infection, and
a history of multiple (=2) Cesarean sections remained
signifcant independent risk factors. Continuous fas-
cial closure was an independent protective factor.

Early Symptoms

Among the 16 patients diagnosed with an inci-
sional hernia, the most commonly self-reported early
symptoms before clinical confrmation were a palpable
bulge or swelling (75%, 12/16), persistent ache or pain
at the incision site (62.5%, 10/16), and discomfort dur-
ing physical activity (50%, 8/16), as shown in Table 4.

Table 4. Early symptoms reported before clinical
diagnosis of incisional hernia (n = 16)

Symptom N %
Palpable bulge or swelling 12 | 75.0
Persistent ache or pain at incision site 10 | 62.5
Discomfort during physical activity 8 | 50.0
Feeling of pressure or heaviness 6 | 375
Note: Patients could report more than one symptom.

lished risk factors while highlighting the cumulative risk
posed by multiple prior Cesarean sections. The overall IH
incidence of 8.0% aligns with the higher end of the range
reported in contemporary literature for mixed surgical
cohorts, refecting our prospective design, which may
capture hernias that retrospective studies miss (4, 6, 9).

The observed difference in incidence between the
Cesarean section (6.0%) and open gynecologic sur-
gery (10.0%) groups is clinically signifcant and likely
attributable to the substantially higher prevalence of
midline incisions (70%) in the open gynecologic co-
hort compared to the CS group (15%), where the more
robust Pfannenstiel incision predominated. These fnd-
ings are consistent with the literature (10).

The strong association between higher Body
Mass Index (BMI) and IH risk, with an adjusted odds
ratio of 1.12 per unit, underscores the signifcant role
of obesity in hernia development. Factors contributing
to this risk include increased intra-abdominal pressure,
reduced blood fow to the abdominal wall fascia from
excess adipose tissue, and potentially poorer tissue
quality and healing in obese patients (9). This fnding
emphasizes the importance of preoperative counseling
and weight optimization, where feasible, as a key com-
ponent of risk reduction strategies.
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Our results strongly support the preferential use of
transverse incisions, such as Pfannenstiel, over verti-
cal midline incisions whenever surgically feasible. The
adjusted odds ratio of 4.10 for a vertical incision high-
lights its biomechanical inferiority. Transverse incisions
align with Langer’s lines of skin tension, resulting in
lower lateral tension on the fascial closure and promot-
ing stronger healing (11). This is a modifable surgical
factor with substantial impact on long-term outcomes.
Guitarte et al. (12) reported similar fndings, identifying
older age, hypertension, loop sutures, and cancer as risk
factors for IH after vertical midline laparotomy.

Perhaps the most signifcant modifable risk factor
in our study was postoperative wound infection, which
increased the odds of IH by over fve-fold (OR 5.22).
Surgical site infection (SSI) creates a local infamma-
tory environment that leads to collagenolysis, impaired
fbroblast function, and ultimately fascial weakening
(13,14). SSI rates for IH surgery range from 0.7% to
26.6% and are associated with local complications,
prolonged treatment, and higher one-year recurrence,
despite IH repair being classifed as a clean surgical
operation (15). These observations underscore the im-
portance of strict adherence to SSI prevention bundles
(14), including appropriate antibiotic prophylaxis,
meticulous hemostasis, gentle tissue handling, main-
tenance of normothermia, and sterile technique (16).
Vigilant postoperative wound care for early detection
and management of infections is equally critical.

A novel and important fnding of our study is the
quantifcation of risk associated with multiple pri-
or Cesarean sections. Patients with > 2 previous CS
had a nearly four-fold increased risk (OR 3.85). This
emphasizes cumulative damage to the abdominal wall
with each subsequent operation, as scar tissue retains
only 70-80% of the tensile strength of native fascia
(17, 18). These results highlight the need for meticu-
lous surgical technique in repeat surgeries and inform
patient discussions regarding cumulative risks of mul-
tiple abdominal procedures.

On a positive note, our study reinforces current
best-practice guidelines for fascial closure (9,11). Con-
tinuous fascial closure with a slowly absorbable suture
was protective (OR 0.42). This technique evenly dis-
tributes tension, creating a secure and biomechanically
stable closure, unlike interrupted sutures that may cre-
ate localized stress points and ischemia (16). This sim-
ple, evidence-based choice should be widely adopted
to improve patient safety.

Beyond prevention, our fndings on early symp-
tomatology suggest clear opportunities for improving
patient care. High frequencies of patient-reported ear-
ly symptoms, specifcally a palpable bulge (75%) and
persistent pain (62.5%), indicate that patients often

detect issues before clinical diagnosis. This supports
implementing structured post-discharge education pro-
grams to teach high-risk patients how to perform careful
self-examination and report “red fag” symptoms early
(19). Such strategies could shorten the time to diagnosis
and elective repair, reduce complications like obstruc-
tion or strangulation, and improve overall outcomes.

Limitations

The fndings of this study may have limited gen-
eralizability to other populations or healthcare settings
due to its single-center design. Physical activity lev-
el was based on self-report, which introduces the po-
tential for recall and social desirability bias. While a
12-month follow-up is standard in IH research, it may
miss hernias that manifest later; therefore, longer-term
studies are needed to capture the true lifetime inci-
dence. Finally, although our sample size was adequate
for identifying major risk factors, it may be under-
powered to detect the signifcance of rarer variables or
more complex interactions.

CONCLUSION

This study successfully identifed and categorized
the main risk factors for incisional hernia after Cesar-
ean and open gynecologic surgery. The predictors—
obesity, vertical incisions, wound infections, and a
history of multiple Cesareans—provide a clear profle
for high-risk patients. These fndings advocate for a
multi-faceted approach encompassing:

1. Preoperative risk assessment and patient coun-
seling,

2. The preferential use of transverse incisions and
continuous fascial closure as standard technique,

3. Rigorous, protocol-driven SSI prevention, and

4. The implementation of post-discharge surveil-
lance and patient education for high-risk individuals.

Future work should aim to validate these risk
factors in larger, multi-center cohorts and to devel-
op targeted interventions, such as prophylactic mesh
augmentation or structured rehabilitation programs, to
mitigate risk in these high-risk groups.
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HERNIJANAKON CARSKOG REZA | OTVORENIH GINEKOLOSKIH
PROCEDURA: PROSPEKTIVNA OPSERVACIONA STUDIJA
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Uvod: Incizionalna hernija predstavlja znacajnu
komplikaciju abdominalnih operacija, koja dovodi do
bola, funkcionalnih ogranicenja i povecanih troSkova
zdravstvene zastite. Cilj ove studije bio je identifko-
vati i rangirati faktore rizika za incizionalnu herniju
kod pacijentkinja koje su imale carski rez ili otvorenu
ginekoloSku operaciju, kao i proceniti strategije za nji-
hovu ranu detekciju.

Metode: Od januara 2023. do juna 2025. sprove-
dena je prospektivna opservaciona studija u kojoj je
ucestvovalo 200 Zena, svaka pra¢ena tokom 12 me-
seci. Polovina pacijentkinja je imala carski rez (n =
100), dok je druga polovina imala otvorene ginekolo-
Ske operacije (n = 100). Prikupljeni su podaci o de-
mografskim karakteristikama, indeksu telesne mase,
komorbiditetima, detaljima operacije i postoperativ-
nim komplikacijama. Primarni ishod bio je incidenca
incizionalne hernije tokom jedne godine, procenjena
klinickim pregledima nakon 6 nedelja, 6 meseci i 12
meseci.

Rezultati: Ukupna incidenca incizionalne hernije
iznosila je 8,0% (16/200), sa 6,0% (6/100) nakon car-
skog reza i 10,0% (10/100) nakon otvorenih ginekolo-
Skih procedura. Multivarijabilna analiza identitkovala
je sledece nezavisne faktore rizika: visi indeks telesne

mase (adjusted odds ratio 1,12 po jedinici, 95% CI
1,05-1,19, p < 0,001), vertikalni rez (odds ratio 4,10,
95% ClI 1,75-9,60, p=0,001), postoperativnu infekciju
rane (odds ratio 5,22, 95% CI 2,15-12,67, p<0,001) i
dva ili viSe prethodnih carskih rezova (odds ratio 3,85,
95% Cl 1,42-10,45, p = 0,008). Sivenje fascije pro-
duZnim Savom predstavljalo je zastitni faktor (odds
ratio 0,42, 95% CI 0,20-0,88, p = 0,022). NajcesCi
rani simptomi koje su pacijentkinje prijavile pre posta-
vljanja dijagnoze bili su palpabilno ispupcenje (75%),
postojan bol (62,5%) i nelagodnost tokom Fzickih ak-
tivnosti (50%).

ZakljuCak: Visi indeks telesne mase, vertikalni
rezovi, infekcija rane i viSe prethodnih carskih rezova
predstavljaju znaCajne faktore rizika za incizionalnu
herniju. Upotreba transverzalnih rezova i Sivenje fa-
scije produznim Savom, kada je moguce, zajedno sa
paZljivom postoperativnom negom rane i edukacijom
pacijentkinja o samopregledu radi ranog prepoznava-
nja simptoma, moze doprineti smanjenju rizika i omo-
guditi ranije otkrivanje kod pacijentkinja sa visokim
rizikom.

Kljucne recCi: Incizionalna hernija, carski rez, gi-
nekoloSke operacije, faktori rizika, prospektivna studi-
ja, gojaznost, infekcija hirurSkog mesta.
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Abstract: Objective: Avulsion fractures of the
anterior iliac spine are injuries typically seen in physi-
cally active children and adolescents. There is no clear
consensus regarding the optimal treatment, particu-
larly concerning the degree of fragment displacement
that warrants surgical intervention.

Aim: The aim of this study was to analyze the
clinical outcomes of non-operative treatment of pel-
vic avulsion fractures in adolescents and to examine
the relationship between patient age and rehabilitation
duration.

Patients and Methods: A retrospective study
was conducted on 12 adolescent patients with radio-
graphically confrmed pelvic avulsion fractures. Data
on age, fracture location, injury mechanism, treatment,
and rehabilitation duration were collected and analyz-
ed. All patients underwent non-operative management
consisting of rest, analgesics, and crutch-assisted am-
bulation, followed by physical therapy.

Results: All patients were male, with a mean
age of 12 years. The most common fracture site was
the anterior inferior iliac spine (66.6%). All fractures
healed without complications. Rehabilitation duration
tended to be shorter in younger patients. Functional
outcomes were excellent, with all patients returning to
their pre-injury activity levels.

Conclusion: Non-operative treatment is an effec-
tive and safe approach for managing pelvic avulsion
fractures in adolescents, even in cases with fragment
displacement up to 15 mm. It provides excellent func-

Prihvacen/Accepted: 11. 11. 2025.

Online First; 24. 11. 2025.

tional recovery without complications, supporting its
use as the frst-line treatment in this population.

Keywords: Awvulsion fractures, Pelvis, Adoles-
cents, Children, Treatment.

INTRODUCTION

Avulsion fractures of the pelvis are injuries that
predominantly occur in active adolescents (1). In this
age group, the strengthening of the lower limb mus-
culature coincides with the development of secondary
ossifcation centers (apophyses) (2). Pelvic fractures
account for less than 1% of all pediatric fractures;
however, up to 5% of children with blunt trauma sus-
tain a pelvic fracture (3, 4). High-intensity concentric
muscle contractions during activities such as running,
kicking, and jumping generate substantial tensile forc-
es transmitted through the muscle—tendon complex to
the apophysis (5). As the weakest link in this chain, the
apophysis is therefore prone to failure (6).

While most published studies emphasize pelvic
fractures caused by high-energy mechanisms, the majori-
ty of pelvic fractures in children and adolescents actually
result from low-energy trauma. These are typically stable
pelvic ring injuries or avulsion injuries of the pelvic apo-
physes (Figure 1), usually presenting with sudden, sharp
pain in the pelvic region, sometimes accompanied by an
audible cracking sound (7). The pain often subsides with
rest but intensifes with physical activity. On clinical ex-
amination, localized tenderness, swelling, and restricted
range of motion are commonly observed (8).
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Figure 1. A. Spina iliaca anterior inferior avulsion fracture.
B. Spina iliaca anterior superior avulsion fracture (from the author’s personal archive)

The diagnosis of avulsion fractures relies on patient
history—most report acute pain while jumping, Kick-
ing a ball, sprinting, or suddenly changing direction—
combined with physical examination and radiographic
evaluation. Differential diagnoses in pediatric patients
include femoral head epiphysiolysis and musculotendi-
nous injuries. Avulsion fractures may occur at several
pelvic muscle attachment sites, including the rectus
femoris insertion on the anterior inferior iliac spine (Al-
IS), the ischial tuberosity (IT), the sartorius insertion, the
tensor fasciae latae attachment at the iliac crest (1C), and
the iliopsoas insertion on the lesser trochanter (LT) (9).

Traditionally, treatment has been non-operative,
consisting of analgesia, rest, and gradual rehabilitation.
However, no clear consensus exists regarding surgical
indications. The degree of fragment displacement and
the patient’s functional demands remain the primary fac-
tors guiding the decision for operative management (10).

Data on complications are limited, but reported
issues include nonunion, neurological symptoms, in-
fection, chronic pain, and heterotopic ossifcation.
This lack of evidence highlights the need for further
research to establish optimal treatment strategies, sur-
gical criteria, and long-term outcomes in pediatric pa-
tients with pelvic avulsion fractures.

The aim of this study is to emphasize the impor-
tance of timely diagnosis, to analyze the distribution of
pelvic avulsion fractures among adolescents according
to age, and to examine the relationship between reha-
bilitation duration and age. Ultimately, our goal is to
confrm that non-operative treatment is an effective ap-
proach for managing pelvic avulsion fractures, ensuring
favorable outcomes without long-term complications.

MATERIALS AND METHODS

Following approval from the Ethics Committee of
the Clinical Hospital Center Kosovska Mitrovica (No.

2389, 04/21/2023), a retrospective review was con-
ducted on patients who presented to our department be-
tween January 2015 and January 2023 with symptoms
of acute pelvic injury. A total of 12 adolescent patients
with radiographically confrmed apophyseal avulsion
fractures of the pelvis were included in the study.

Collected variables included age, sex, fracture
location, laterality, mechanism of injury, degree of
displacement, presence of prodromal symptoms, treat-
ment approach, duration of orthopedic management,
length of rehabilitation, and functional outcomes.

Descriptive statistics were used to summarize pa-
tient demographics and clinical outcomes. Continuous
variables are reported as means and ranges, whereas
categorical variables are presented as absolute num-
bers and percentages.

RESULTS

All 12 patients were male, aged 10-14 years
(mean age: 12 years). The age distribution was as fol-
lows: two patients aged 10, two aged 11, six aged 12,
and two aged 13. The mean age of the cohort was 11.7
+ 1.0 years (range: 10-13).

=AIS = ASIS

Figure 2. Distribution of ASIS (anterior superior
iliac spine) vs. AlIS (anterior inferior iliac spine)
Avulsion Injuries
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Figure 3. Injury laterality

Regarding fracture location, eight patients sus-
tained anterior inferior iliac spine (AIIS) fractures,
while four had anterior superior iliac spine (ASIS) frac-
tures (Figure 2). Laterality analysis showed that 75% of
injuries occurred on the right side and 25% on the left
(Figure 3).

Most injuries (n = 10) occurred during football,
while two were sustained during handball. None of the
patients reported prodromal symptoms. One patient
presented with a fracture displacement of 13 mm.

Clinically, all patients reported acute, sharp pain at
the time of injury, limited hip range of motion, and dif-
fculty walking independently. Radiographic imaging
confrmed apophyseal displacement of up to 13 mm in
all cases.

All patients were managed conservatively, includ-
ing analgesics, bed rest with the hip fexed and slightly
abducted, and ambulation with axillary crutches. Six
patients (50%) underwent orthopedic treatment for
fve weeks, four (33%) for six weeks, and two (17%)
for four weeks. The mean duration of orthopedic treat-
ment was 5.2 + 0.7 weeks (range: 4-6). Follow-up ra-
diographs confrmed fracture healing in all cases, after
which physical therapy was initiated (Figure 4).

Rehabilitation duration varied with age. Sev-
en patients (58%) completed rehabilitation within
four weeks, three (25%) within three weeks, and two
(17%) within Fve weeks. The mean rehabilitation du-
ration was 3.9 + 0.7 weeks (range: 3-5). The majority
of 12-year-olds completed rehabilitation within four
weeks (Figure 5).
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Figure 5. Number of patients by duration (weeks)
of treatment and rehabilitation

All patients returned to their pre-injury activity
levels within an average of nine weeks after the injury
(range: 7-11). No complications were observed during
treatment or follow-up.

DISCUSSION

Avulsion fractures of the pelvis in physically ac-
tive adolescents represent a considerable challenge
for orthopedic surgeons. At present, there is no clear
consensus or evidence-based guideline regarding the
optimal management of these injuries. Although our
study does not specifcally address the pathophysiol-
ogy of avulsion fractures, it is important to highlight
certain aspects.

The apophyses involved in these injuries appear
to be particularly vulnerable prior to full ossifcation.

Figure 4. A. Consolidated anterior superior iliac spine fracture following rehabilitation. B. Consolidated
anterior inferior iliac spine fracture following rehabilitation (from the author’s personal archive)



254

Bozovi¢ Aleksandar, Jovanovic Sasa, Petrovi¢ Dusan, Denovi¢ Predrag, Tabakovi¢ Dejan, Dulic Oliver, Milinkov Milan, Lali¢ Ivica

During this phase, the apophyseal growth plate is ex-
posed to an increased risk of improper ossifcation
and subsequent avulsion, especially in adolescents
undergoing periods of rapid growth. It is assumed
that accelerated growth of the long bones in the lower
extremities may lead to muscle contracture and tight-
ness around the hip and knee, thereby amplifying the
pathophysiological impact of eccentric muscle con-
tractions on the apophysis (11). Furthermore, the in-
creased frequency and intensity of physical activity in
this population additionally contribute to apophyseal
vulnerability (11).

The results of our study demonstrate that all par-
ticipants were male. This gender distribution may be
explained by the fact that, in Serbia, boys are gener-
ally more physically active than girls. The lower rep-
resentation of girls in sports is infuenced by cultural
factors, lifestyle patterns, and lower overall participa-
tion in organized physical activities. Pelvic avulsion
fractures remain a rare type of injury, most commonly
occurring in physically active adolescents (12).

In adolescents, the epiphyseal plates are not yet
fused, which makes them more susceptible to eccen-
tric muscle contractions that alter the anatomical rela-
tionship between the growth plate and adjacent bone
structures (13). In our cohort, the highest incidence
of avulsion fractures was observed in 12-year-olds,
representing 50% of all patients (n = 6). This may be
explained by the fact that children at this age are of-
ten more physically active compared with their peers,
while the epiphyseal growth plate still lacks closure
zones.

To the best of our knowledge, no previous studies
have examined the prevalence and laterality of pelvic
avulsion fractures. In our series, slightly more injuries
occurred on the right side (75%).

Our fndings are consistent with other studies
identifying running and kicking as the most frequent
mechanisms of injury (8, 10-14). Schuett et al. report-
ed that kicking is the most frequent cause of AlIS avul-
sion fractures, whereas running is the most common
mechanism for ASIS avulsion fractures (15). All par-
ticipants in our study presented with acute pain, limit-
ed active and passive range of motion, and inability to
walk independently.

Diagnosis in our patients was based on the mech-
anism of injury obtained from history taking and con-
frmed with radiographic imaging, which demonstrat-
ed apophyseal displacement of up to 13 mm. Standard
pelvic radiographs in two planes are recommended
in cases of suspected pelvic avulsion fracture (14). In
our series, no additional diagnostic modalities were
required, as clinical examination consistently sup-
ported the diagnosis. However, other authors have

emphasized that when plain radiographs are inconclu-
sive, MRI or ultrasound may be useful to detect occult
fractures or associated soft-tissue injuries (15). As a
differential diagnosis, we initially considered epiphys-
iolysis of the femoral head, which was excluded by
radiographic evaluation.

Other authors have suggested a broader spectrum
of differential diagnoses (16, 17, 18). For example,
Gidvani et al. reported eight cases of ischial tuberosi-
ty avulsion fractures that were initially misdiagnosed
as muscle—tendon ruptures (19). Such misdiagnoses
resulted in unnecessary and more extensive surgical
procedures. These fndings underline the importance
of timely and accurate diagnosis to ensure appropriate
management.

In pelvic avulsion fractures, displacement of bone
fragments is often limited by the thick periosteum
and surrounding pelvic fascia in adolescents. Conse-
quently, non-operative management combined with a
structured rehabilitation program is generally consid-
ered the preferred approach for treating non-displaced
fractures (20).

In accordance with current treatment protocols,
and given that the displacement of the apophysis in
our cohort was 13 mm, we opted for non-operative
treatment. Current evidence recommends conservative
management for avulsion fractures with displacement
up to 15 mm, with many studies confrming favorable
functional outcomes. This strategy also avoids expos-
ing adolescents to the risks associated with anesthesia.
Our treatment protocol included analgesics, activity
restriction, and two weeks of bed rest with proper limb
positioning, followed by the use of crutches for 4-6
weeks (21).

In our study, six patients (50%) were treated for
fve weeks, four (33%) for six weeks, and two for
four weeks. When analyzing the relationship between
treatment duration and patient characteristics, we ob-
served that the largest group—four patients aged 12
years—required fve weeks of rehabilitation. This
correlation may be explained by the higher activi-
ty levels and rapid growth characteristic of this age
group, which increase their susceptibility to injury.
Additionally, younger patients generally required
shorter rehabilitation periods, with an average reduc-
tion of seven days compared with older adolescents.
This observation supports the view that orthopedic
treatment tends to be shorter in children than in older
patients.

All patients used axillary crutches during the
treatment period, which was crucial in partially neu-
tralizing muscle forces during contraction, thereby re-
ducing pain and preventing further displacement at the
fracture site. The non-operative treatment we applied,
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followed by structured physical therapy, resulted in
excellent clinical and functional outcomes in all cases.
Rehabilitation duration ranged between three and fve
weeks, depending on patient age and physical condi-
tion. Interestingly, the largest proportion of patients
completing rehabilitation within four weeks were also
12 years old, consistent with the higher incidence of
avulsion fractures at this age.

After two treatment sessions, patients were able
to discontinue the use of crutches. Similar results
were reported by Metzmaker et al., who successfully
managed 27 cases of pelvic avulsion fractures using
a structured Fve-phase rehabilitation protocol (22).
Kjellin et al. treated adolescent athletes involved in
sports that include sprinting, jumping, and sudden
changes of direction (such as football, athletics, and
gymnastics) using a conservative approach—rest, ac-
tivity modifcation, analgesics, and gradual rehabili-
tation. Return to sports was permitted once pain sub-
sided and muscle function normalized. Most patients
recovered without lasting effects (23). In a review by
Yanagisawa et al., a gradual approach to rehabilitation
was emphasized, starting with pain management and
progressing through mobility exercises, strengthening,
and sport-specifc training. Despite the prevalence of
these injuries, the review highlighted a lack of new
knowledge regarding pelvic sports injuries, with on-
ly ffteen articles published between 2013 and 2023
meeting the inclusion criteria (24).

Although conservative treatment is generally ef-
fective, it can occasionally have adverse effects on the
patient’s health in both the short and long term. How-
ever, in our cohort no complications were observed,
and all patients successfully returned to their pre-in-
jury activity levels. We attribute these outcomes to
timely diagnosis, appropriate immobilization, and the
implementation of structured physical therapy. These
factors highlight the importance of taking such injuries
seriously and ensuring that adolescents remain disci-
plined throughout the rehabilitation process to achieve
optimal functional recovery.

When treating adolescents, it is also essential to
consider their long-term well-being. Any compromise
in the treatment protocol at this stage may result in
complications that manifest later in life, particularly
when patients assume physically demanding occupa-
tions. Reported potential complications include heter-
otopic ossifcation and femoroacetabular impingement
(FAI) (25). Both conditions may lead to chronic pain
in the fracture region and a consequent reduction in
physical activity (26, 27).

In our study, functional results were excellent,
and no complications occurred, further confrming that
non-operative management is an appropriate treatment

option for avulsion fractures with displacement up to
15 mm. These fndings are consistent with previous-
ly published studies, which also support conservative
treatment as the primary approach for minimally dis-
placed pelvic avulsion fractures (28, 29).

CONCLUSION

Based on our research, we conclude that pelvic
avulsion fractures most commonly occur in adoles-
cents around the age of 12. Non-operative treatment,
which in our cohort lasted an average of fve weeks,
followed by approximately four weeks of rehabilita-
tion, resulted in excellent functional outcomes. Con-
sistent with fndings from the literature, our study sup-
ports the view that conservative management should
be considered the frst-line treatment for pelvic avul-
sion fractures with displacement up to 15 mm.
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Sazetak

AVULZIONE FRAKTURE PREDNJE ILIJACNE BODLJE KOD DECE
| ADOLESCENATA: KLINICKI ISHODI NEOPERATIVNOG LECENJA

BoZovi¢ Aleksandar,' 2 Jovanovi¢ SaSa," 2 Petrovi¢ DuSan,"2 Denovié¢ Predrag,?
Tabakovi¢ Dejan,* 2 Duli¢ Oliver,*® Milinkov Milan,*® Lali¢ Ivica®
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Uvod: Awvulzione frakture prednje ilijacne spine
predstavljaju povrede tipicne za fzicki aktivnu decu i
adolescente. Jo$ uvek ne postoji jasan konsenzus o op-
timalnom nacinu leCenja, posebno kada je re€ o stepenu
dislokacije fragmenta koji zahteva hirurSku intervenciju.

Cilj: Cilj rada je bio da se analiziraju klinicki is-
hodi neoperativnog leCenja avulzionih fraktura karlice
kod adolescenata i da se ispita odnos izmedu uzrasta i
trajanja rehabilitacije.

Materijal i metode: Sprovedena je retrospektiv-
na studijana 12 adolescentnih pacijenata sa radiograf-
ski potvrdenim avulzionim frakturama Kkarlice. Anali-
zirani su podaci o uzrastu, lokalizaciji preloma, meha-
nizmu povrede, nacinu leenja i trajanju rehabilitacije.
Svi pacijenti su leCeni neoperativno — mirovanje, anal-
getici i upotreba Staka, a potom fzikalna terapija.
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Table 6. Preoperative echocardiographic and laboratory parameters

Variable Mean + SD Median (IQR) Min—-Max
AVA, cm? 0.713+0.142 0.75 (0.60-0.80) 0.5-0.9
1VSd, mm 11.35 +£4.00 10.0 (7.25-15.0) 6-18
Posterior wall, mm 10.90 + 3.25 10.0 (8.0-14.0) 6-22
Vmax, m/s 4717 £ 0.246 4.75 (4.60-4.90) 4.2-5.2
Hemoglobin, g/L 128.97 + 18.63 131.0 (115.0-140.8) 81-170
Hematocrit, % 38.01 +4.93 38.3 (34.6-42.1) 27.4-48
Sa0,, % 95.23+2.12 95.0 (95.0-96.0) 87-99
PaO,, mmHg 79.27 £ 8.75 80.6 (72.9-85.6) 59.1-96.5
pH 7.388 + 0.048 7.395 (7.350-7.428) 7.27-7.48
PaCO,, mmHg 38.39 £ 3.95 38.8 (35.1-41.2) 30.4-47.4
Lactate, mmol/L 1.077 £ 0.441 1.0 (0.7-1.4) 0.4-2.3
CK-MB, U/L 52.62 +19.41 53.0 (36.3-64.0) 18-97

AVA - Aortic Valve Area; IVSd — Interventricular Septal Thickness in Diastole; Vmax — Peak Aortic Jet \elocity; Hb — Hemoglo-
bin; Hct — Hematocrit; SaO, — Arterial Oxygen Saturation; PaO, — Partial Pressure of Oxygen in Arterial Blood; pH - Hydrogen
lon Concentration (acid—base balance); PaCO, — Partial Pressure of Carbon Dioxide in Arterial Blood; CK-MB — Creatine Kinase—
Myocardial Band Isoenzyme; SD — Standard Deviation; IQR — Interquartile Range.

Table 7. Postoperative hemodynamic, laboratory, and outcome parameters

Variable (Mean + ggsol\iltég?an [IQR]) (Mean 12843 /P K/T(te-doign [IQR]) Min-Max p value
MAP, mmHg 79.3+10.2/77.5(72.3-87.0) 81.8+9.9/80.0 (75-88) 63-110/ 65-105 0('%0
Lactate, mmol/L 2.34+0.96/2.15 (1.7-3.0) 1.87+0.98/1.7 (1.0-2.5) 0.7-5.2/0.5-45 0.006
CK-MB, U/L 52.5+34.2/50.5 (39-73) 39.0 +30.8/39.0 (27-56.8) 26-163 / 20-158 0.001
Hb, g/L 103.5+10.1/1015(95-112.8) | 120.1+22.9/114.5(101.3-141.8) | 87-127/87-168 | <0.001
Sa0,, % 99.2 +0.98/99.0 (99-100) 99.4 +1.20/ 100 (100-100) 96-100/ 95-100 0('34
Pa0,, mmHg 1415+25.4/143.0 (122.3-162.8) | 136.0 +29.4/138.0 (110.5-155.8) | 94-193/85-195 0(.§§)8
pH 7.396 +0.057 / 7.405 (7.38-7.43) | 7.365+0.065/7.380(7.33-7.41) |7.22-7.51/7.21-7.45| 0.015
PaCc0,, mmHg 41.9+2.77/41.8 (39.8-43.4) 42.8+4.45/42.7 (40.6-45.3)  |36.4-50.0/30.2-54.0 0('%3)3

MAP — Mean Arterial Pressure; Hb — Hemoglobin; SaO, — Arterial Oxygen Saturation; PaO, — Partial Pressure of Oxygen in Arte-
rial Blood; pH — Hydrogen lon Concentration; PaCO, — Partial Pressure of Carbon Dioxide in Arterial Blood; CK-MB — Creatine
Kinase—-Myocardial Band Isoenzyme; mmHg — Millimeters of Mercury; mmol/L — Millimoles per Liter; g/L — Grams per Liter;
ns — Not Signifcant; SD- Standard Deviation; IQR — Interquartile Range.

Preoperative echocardiographic and laboratory
parameters confrmed severe AS, with a mean valve
area of 0.71 cm? and a Vmax of 4.7 m/s. Baseline lab-
oratory values are presented in Table 6.

Postoperatively, lactate and CK-MB decreased
signifcantly from 6 to 24 hours, while hemoglobin in-
creased. Oxygenation parameters remained stable, pH
showed a slight but signifcant decrease, and no signif-
icant changes were observed in MAP, PaO,, Sa0O,, or
PaCO? (Table 7).

The mean length of stay was 7 days, with most
patients discharged on days 7-8. Only a few had
shorter (5—6 days) or longer (9 days) hospitalizations
(Figure 2).

Figure 2. Distribution of hospital stay (LOS) among
patients, expressed in days (% of patients)



264  Slaveski Dimce, Loncar-Stojiljkovi¢ Dragana, Gavrilovska Brzanov Aleksandra, Bozhinovska Marija, Sulejmani Haris, Jovanovski Srceva Marija

Table 8. Comparative overview of key studies in AS and LVH

Study / Year Focus

Relevance to Present

Key Findings Study

Généreux et al., 2017 [13] | AS staging

Validates LVH as
prognostic marker

Proposed staging
classifcation based
on extent of cardiac damage

Bennett et al., 2024 [4] LVH regression

Early regression

of cell and matrix
hypertrophy 2 months post-
AVR

Similar regression
trends observed

Mahmaod et al., 2024 [5] Remodeling

differentiation

Differentiates AS vs
hypertension-induced LVH

Supports interpreta-
tion of heterogeneous
regression

Barletta et al., 2021 [6] Long-term remodeling

LA recovery peaks

at 3 months, LV

recovery up to 2 years; high
LVMI

predicts residual
hypertrophy

Highlights prognostic
role of baseline LVMI

Khuong et al., 2023 [10] | Troponin & TAVR

Corroborates
biomarker fndings

Elevated troponin
predicts adverse

outcomes
Jakobsson et al., 2019 Oxygen consumption | General anesthesia reduces | Supports
[12] VO, perioperative fndings

perioperative oxygen
balance critical

Jargensen et al., 2024 NOTION-2 trial

[15]

TAVR effective
in low-risk AS patients

Provides benchmark
against surgical AVR

Leon et al., 2010 [16] Inoperable AS

Contextualizes
surgical AVR vs
TAVR

TAVR improved
survival vs medical therapy

DISCUSSION

Our fndings reinforce the concept that aortic ste-
nosis (AS) is not only a valvular disease but a systemic
disorder involving ventricular remodeling and vascu-
lar adaptation (1, 3). Preoperatively, patients exhibited
marked left ventricular hypertrophy (LVH), consistent
with previous imaging-based studies (4, 5). Postop-
eratively, early metabolic improvement was evident,
including decreased lactate and CK-MB levels and im-
proved hemoglobin, supporting effective perioperative
management and myocardial recovery (9, 10).

LVH regression after aortic valve replacement
(AVR) remains heterogeneous. Some studies demon-
strate partial reverse remodeling within two months
(4), while others indicate that asymmetric septal hy-
pertrophy requires longer recovery trajectories. Spe-
cifcally, left atrial reverse remodeling peaks at three
months, whereas maximal left ventricular recovery
may take up to two years. Importantly, a higher pre-

operative left ventricular mass index (LVMI) has been
associated with residual hypertrophy and adverse
long-term outcomes (6).

Imaging continues to play a central role in evalua-
tion and follow-up. Echocardiography reliably defnes
severity and monitors regression (7), while computed
tomography (CT) provides critical information for
operative and transcatheter aortic valve replacement
(TAVR) planning (7). Cardiovascular magnetic res-
onance (CMR) adds unique insights into myocardial
fbrosis and extracellular remodeling (8). Together,
multimodality imaging allows individualized treat-
ment planning and risk stratifcation.

Biomarker dynamics further complement imag-
ing. In this study, early postoperative reductions in
lactate and CK-MB were observed, paralleling previ-
ous reports of improving oxygen utilization and myo-
cardial stabilization after AVR (9, 10). Troponin and
multimarker panels have also been shown to predict
adverse outcomes in both surgical and TAVR settings
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(20), underscoring the role of perioperative biochemi-
cal surveillance.

The balance between oxygen delivery and con-
sumption remains critical in elderly surgical patients
with AS, particularly during cardiopulmonary bypass
(11, 12). Our Fndings of a modest pH decline with oth-
erwise stable oxygenation indices are consistent with
earlier reports showing that myocardial injury risk is
linked more to metabolic stress than to oxygen desat-
uration (11).

From a therapeutic perspective, both surgical AVR
and TAVR continue to evolve. Surgical AVR in our se-
ries demonstrated low-to-moderate complication rates
and a consistent median length of stay of seven days,
refecting outcomes comparable to contemporary sur-
gical series. TAVR trials, including NOTION-2 and
landmark studies by Leon et al., confrm excellent
outcomes in low-risk and inoperable patients, respec-
tively (15, 16). By contrast, all patients in our study
underwent surgical AVR at a single center. Neverthe-
less, frailty and cerebral perfusion remain signifcant
predictors of poor prognosis (13, 14).

Our data support integrating biomarkers, imaging,
and LVH dynamics into decision-making to optimize
patient selection and timing. A comparative overview
of selected landmark studies is provided in Table 8.

Taken together, this study supports an integrat-
ed approach to severe AS, combining imaging, bi-
omarkers, and careful assessment of LVH burden.
Hemodynamic stability and metabolic recovery after
surgery are reassuring early endpoints, but long-term
outcomes will depend on the degree of LV regression
and remodeling. Future multicenter studies with stand-
ardized imaging and extended follow-up are needed to
confrm the prognostic role of early postoperative bi-
omarker trends and to establish their relationship with
ventricular remodeling and clinical outcomes.

CONCLUSION

Aortic stenosis is increasingly recognized as a sys-
temic disorder involving valvular, ventricular, and vascu-
lar components. Our fndings confrm that perioperative
metabolic changes, biomarker fuctuations, and left ven-
tricular hypertrophy signifcantly infuence early postop-
erative outcomes after surgical valve replacement. While
partial regression of hypertrophy is achievable, recovery
remains incomplete in the early phase. These results sup-
port the growing shift toward earlier and individualized
intervention, guided by an integrated approach combin-
ing imaging and biomarker assessment. Larger multi-
center studies with standardized imaging and longer
follow-up are warranted to validate these fndings and to
link early postoperative metabolic recovery with long-
term ventricular remodeling and clinical outcomes.
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Uvod: Aortna stenoza (AS) predstavlja sistemsku
bolest koju karakteriSu valvularna opstrukcija, ventri-
kularno remodelovanje i perioperativna osetljivost na
disbalans izmedu snabdevanja i potronje kiseonika.
Cilj ove studije bio je da proceni perioperativne me-
tabolicke i biomarkerske promene, kao i rane posto-
perativne ishode kod pacijenata podvrgnutih hirurskoj
zameni aortnog zaliska (AVR).

Pacijenti i Metode: Sprovedena je prospektiv-
na opservaciona studija na 60 uzastopnih odraslih
pacijenata sa teSkom aortnom stenozom (AS) koji su
podvrgnuti hirurSkoj zameni aortnog zaliska (AVR) u
jednoj ustanovi. Analizirani su demografski i antropo-
metrijski podaci, intraoperativni parametri, postopera-
tivne komplikacije, kao i hemodinamski i laboratorij-
ski pokazatelji pre i posle operacije.

Postoperativno su, nakon 6 i 24 Casa, praceni sle-
deci parametri: srednji arterijski pritisak (MAP), arte-
rijska saturacija kiseonikom (Sa0,), parcijalni pritisak
kiseonika (PaO,), pH, parcijalni pritisak ugljen-dioksi-
da (PaCO,), hemoglobin (Hb), laktat i kreatin kinaza—
MB izoenzim (CK-MB). Kontinuirane vrednosti pri-
kazane su kao srednja vrednost + standardna devijacija
(SD) ili kao medijana (interkvartilni opseg, IQR). Za
poredenje vrednosti izmedu 6. i 24. Casa koriscen je
parni t-test.

Rezultati: ProseCna starost pacijenata iznosila je
69,9 + 7,3 godine; 58,3% bili su muskarci. Prose¢no
trajanje anestezije i operacije bilo je 151,5 + 21,8, od-
nosno 126,8 + 20,6 minuta, dok su prosecna vremena
na kardiopulmonalnom bajpasu (CPB) i klemovanja
iznosila 78,3 £ 17,6 i 58,5 + 16,7 minuta.
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Case report

AORTIC AND SUPERIOR MESENTERIC ARTERY THROMBOSIS
INANTITHROMBIN 111 DEFICIENCY-DIAGNOSTIC AND THERAPEUTIC
CHALLENGES IN CONSERVATIVE MANAGEMENT
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Abstract: Introduction: Thrombosis of large
arterial vessels, such as the abdominal aorta and su-
perior mesenteric artery, is a rare but serious condi-
tion that requires timely diagnosis and appropriate
management. One of the risk factors is antithrombin
111 (AT I11) defciency, a rare coagulation disorder that
increases the likelihood of thrombosis. While arterial
thromboses are less common than venous ones, they
can have signifcant clinical consequences.

Case report: We present the case of a 39-year-old
woman hospitalized due to sudden abdominal pain.
Diagnostic imaging, including a contrast-enhanced
CT scan of the abdomen and pelvis and CT angiogra-
phy, revealed thrombosis of the distal abdominal aor-
ta and superior mesenteric artery. Laboratory testing
confrmed low AT Il1 levels, while tests for hereditary
thrombophilias were negative, suggesting a likely ac-
quired defciency.

The patient was treated conservatively with AT
Il concentrate, low-molecular-weight heparin, and
oral anticoagulation. Therapy was complemented with
cardioprotective and gastroprotective medications, as
well as physical rehabilitation. During hospitaliza-
tion, the patient remained hemodynamically stable,
and symptoms gradually resolved. Follow-up imaging
after several months demonstrated complete recanali-
zation of the affected vessels. Long-term monitoring
over two years confrmed stable clinical status and ab-
sence of recurrent thrombosis.

Conclusion: This case highlights the importance
of early diagnosis, identifcation of the underlying
cause, and carefully implemented conservative man-
agement in patients with AT 11 defciency. It demon-
strates that even in extensive arterial thrombosis, con-
servative management can preserve organ function

Prihvaéen/Accepted: 26. 11. 2025.

Online First: 28. 11. 2025.

and achieve a favorable outcome without the need for
surgical intervention.

Keywords: abdominal aorta thrombosis, superior
mesenteric artery thrombosis, antithrombin 111 defcien-
cy, conservative treatment, anticoagulation therapy.

INTRODUCTION

Thrombosis of large arterial vessels, particularly
the abdominal aorta and mesenteric arteries, represents
a rare but potentially life-threatening condition that re-
quires urgent diagnosis and a coordinated multidisci-
plinary therapeutic approach. In elderly patients, the
most common causes include atherosclerosis, aneu-
rysmal changes, or cardiogenic sources of embolism,
whereas in younger individuals such manifestations
are often associated with congenital or acquired coag-
ulation disorders. Although rare, antithrombin I11 def-
ciency signifcantly increases the risk of thromboem-
bolic events, with venous thromboses being far more
common. Arterial thromboses, though less frequent,
represent a serious clinical challenge with potentially
severe outcomes. Timely recognition of such condi-
tions, supported by detailed laboratory and radiologi-
cal diagnostics, is crucial for therapeutic planning and
prevention of complications (1, 2).

The presented case describes a young female pa-
tient with extensive thrombosis of the abdominal aorta
and superior mesenteric artery. The aim of this report
is to emphasize the importance of early diagnosis,
precise determination of the etiology of thrombosis,
and an effective conservative therapeutic approach,
which in this case enabled preservation of vital organ
function and achievement of a favorable long-term
outcome.



270

Surla Dimitrije, Nikoli¢ Marija, Trifunovi¢ Nemanja, Stojadinovi¢ Milica

CASE PRESENTATION

A 39-year-old female patient was admitted to the
Department of General Surgery on April 10, 2022, due
to the sudden onset of severe abdominal pain. Upon
admission, she was conscious, communicative, afe-
brile, and hemodynamically stable, with normal vital
parameters. Her medical history was unremarkable,
with no chronic illnesses, previous surgeries, or sim-
ilar symptoms reported.

A contrast-enhanced CT scan of the abdomen and
pelvis revealed thrombotic material in the distal por-
tion of the abdominal aorta extending into the superior
mesenteric artery (SMA), with signs of reduced per-
fusion in certain segments of the small intestine but
without evidence of perforation or ileus. No pathologi-
cal changes were observed in the parenchymal abdom-
inal organs (Figure 1 and 2).

CT angiography confrmed thrombosis of the
distal abdominal aorta and superior mesenteric artery.
According to the initial radiology report, subocclu-
sive changes of several distal branches in the lower
extremities were described. However, since the origi-
nal images are unavailable, these fndings could not be
independently verifed.

A follow-up abdominal CT scan performed on
April 12, 2022, confrmed the presence of the abdom-
inal thrombosis without progression or signs of acute
complications. A moderate amount of free fuid was
noted, without signs of peritonitis.

Laboratory analyses revealed a decreased level
of antithrombin 11, leading to the initiation of thera-
py with antithrombin concentrate (Kybernin). In the
initial phase, anticoagulant therapy with low-molec-
ular-weight heparin was administered, followed by a
transition to oral anticoagulant therapy (rivaroxaban).
The therapeutic protocol also included cardioprotec-
tive medication (acetylsalicylic acid), gastroprotective
therapy, and symptomatic analgesia.

During hospitalization, the patient remained he-
modynamically stable, without signs of progression of
abdominal symptoms. She repeatedly complained of
pain and weakness in the right foot; clinical examina-
tion confrmed limited dorsifexion. Physical therapy
was initiated to preserve muscle strength and function,
resulting in gradual clinical improvement.

The patient was discharged on April 21, 2022, in
good general condition, afebrile, and with a normal
abdominal examination. Continued anticoagulant ther-
apy, regular hematologic follow-up due to suspected
coagulation disorder, and ongoing supervision by a
vascular surgeon and physiatrist were recommended.

At a follow-up examination in September 2022,
CT angiography demonstrated complete revasculari-

Figure 1. CT aortography demonstrating thrombotic
occlusion of the abdominal aorta extending into
the superior mesenteric artery (SMA). The arrow

indicates an intraluminal flling defect corresponding
to acute thrombus formation. Absence of contrast

opacifcation distal to the thrombus is consistent with
complete arterial occlusion.
(The image is from the authors’archive.)

Figure 2. Follow-up abdominal CT performed
two days after admission demonstrates the presence
of thrombotic masses, with no evidence
of progression compared to the previous study
and preserved viability of intra-abdominal organs.
(The image is from the authors’ archive.)

zation. The patient still reported a subjective burning
sensation in the right leg but had no new symptoms or
signs of acute ischemia. Continuation of the current
therapy for an additional two months was advised, fol-
lowed by re-evaluation.

In addition to the above investigations, genetic
testing for hereditary thrombophilias (Factor V Lei-
den, prothrombin G20210A mutation, MTHFR, and
PAI-1) was performed, all yielding negative results.
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Figure 3. Follow-up CT aortoarteriography after
two years demonstrates complete recanalization
of all abdominal and lower extremity vessels.
(The image is from the authors’ archive)

The patient was subsequently followed regularly over
the next two years, with normal laboratory fndings,
including antithrombin 111 levels, and without any re-
currence of thromboembolic events (Figure 3).

DISCUSSION

Antithrombin 1l (AT I1l) defciency is a ra-
re but clinically signifcant disorder of hemostasis
that increases the risk of thromboembolic events (3).
Congenital forms usually manifest at a younger age,
whereas acquired forms are more commonly observed
in the context of acute thrombotic episodes, liver dis-
ease, nephrotic syndrome, or disseminated intravascu-
lar coagulation (DIC) (4, 5, 6).

In our patient, AT 111 defciency was detected dur-
ing an episode of acute thrombosis of the abdominal
aorta and mesenteric artery. Genetic testing for hered-
itary thrombophilias (Factor V Leiden, prothrombin
G20210A mutation, MTHFR, and PAI-1) was nega-
tive, suggesting a likely acquired rather than congeni-
tal form of the disorder. During a two-year follow-up
period, AT Il levels were regularly monitored and
consistently within the reference range. These fnd-
ings indicate that the condition was not a classical he-
reditary thrombophilia, suggesting either an acquired
defciency or a rare congenital form undetectable by
standard genetic panels.

Regardless of etiology, the negative thrombophil-
ia results and stable AT I11 levels highlight the impor-

tance of continuous hematologic monitoring and an
individualized anticoagulant regimen, which reduced
the risk of thrombotic recurrence and contributed to a
favorable long-term outcome.

Arterial thrombosis of the abdominal aorta and
mesenteric arteries is rare in younger individuals and
is typically associated with atherosclerosis, cardioem-
bolic sources, or coagulation disorders (5, 6, 7). In this
case, the sudden onset of abdominal pain combined
with fndings from CT angiography enabled early di-
agnosis and initiation of targeted therapy. Despite ex-
tensive thrombotic involvement, the patient was man-
aged conservatively with administration of antithrom-
bin concentrate, low-molecular-weight heparin, and
subsequent transition to rivaroxaban. Activated par-
tial thromboplastin time, thrombin time, prothrombin
time, anti-Xa activity, and D-dimer levels were regu-
larly monitored.

This approach led to clinical stabilization, symp-
tom regression, and complete vascular recanalization
confrmed by follow-up CT angiography. The signif-
icance of this case lies in the successful conservative
therapeutic approach, which effectively controlled the
thrombotic process without the need for surgical in-
tervention. The combination of antithrombin replace-
ment, anticoagulant therapy, and close coagulation
profle monitoring represents a standardized and safer
treatment strategy for patients with AT Il defciency
and multiple arterial thromboses, particularly in those
with hemodynamic stability and no signs of acute is-
chemia of vital organs (1, 3, 6, 8). This approach al-
lows gradual thrombus resolution, vascular lumen re-
canalization, and reduction of complications such as
intestinal or limb infarction.

At the same time, multidisciplinary management
involving a hematologist, vascular surgeon, and phy-
siatrist ensures optimal coagulation control, neuro-
muscular function monitoring, and timely intervention
in case of clinical deterioration. It is noteworthy that,
despite initial neuromuscular symptoms affecting the
right foot, the patient achieved good functional re-
covery with appropriate physical therapy. Long-term
follow-up over two years demonstrated the absence of
recurrent thrombosis and normal laboratory fndings,
confrming the effcacy of the conservative approach
in this case.

This case highlights the importance of early diag-
nosis, individualized treatment planning, and multidis-
ciplinary supervision in patients with suspected coag-
ulation disorders. It also demonstrates that even exten-
sive arterial thromboses can be successfully managed
conservatively when therapy is carefully implemented
and patients are closely monitored, thereby avoiding
surgical intervention.
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Table 1. Conservative Therapy of Arterial Thrombosis in Antithrombin 111 Defciency

Therapy / Medication

Dosage / Administration

Duration

Notes / Purpose

Kybernin (Antithrombin
111 concentrate)

Individually adjusted dose
according to AT I level

During the acute phase
of hospitalization

Replacement of antithrom-
bin 111 defciency and stabi-
lization of coagulation

Low-Molecular-Weight
Heparin (LMWH)

Subcutaneous, therapeutic
dose based on body weight

Initial phase of
hospitalization

Rapid anticoagulation and
prevention of thrombus
progression

Oral anticoagulant

Initial dose titrated accord-
ing to coagulation profle
values

Long-term, per
hematologic supervision

Maintenance of therapeu-
tic dose and prevention of
thrombotic recurrence

therapy (PPI)

anticoagulants

Acetylsalicylic Acid (ASA) | Standard cardioprotective Long-term Additional antithrombotic
dose (75-100 mg daily) protection and cardiopro-
tection
Gastroprotective Standard dose As needed with ASA / Prevention of gastrointesti-

nal complications

Analgesics

As needed

Symptomatic

Pain control

Physical therapy

Individual exercise
program for the lower
extremity

During and after
hospitalization

Preservation of muscle
strength and foot function,
rehabilitation

Table 1 was created based on data synthesized from references (2, 3, 7, 9, 10, 11).

Table 2. Surgical and Endovascular Treatment of Arterial Thrombosis: Indications and Methods

- Failure of conservative or
endovascular therapy

- Extensive or multiple thromboses
- Anatomical obstacles preventing
endovascular access

- Bypass procedures

T f L —
ypeo! Indications Methods / Procedures Notes / Objective
Intervention
Conventional - Acute ischemia of vital organs - Thrombectomy Direct arterial recanalization,
(Open) Surgery | or limbs - Endarterectomy restoration of perfusion, and

achievement of long-term vascular
patency; associated with higher
surgical risk and longer recovery
period

Endovascular
Procedures
(Minimally
Invasive)

- Subacute or acute thrombosis with
preserved hemodynamic stability

- High surgical risk

- Partial thrombosis or segments
accessible via catheter

- Catheterdirected
thrombolysis

- Percutaneous
thrombectomy

- Stent placement

Minimally invasive; reduce
hospitalization time; often combined
with anticoagulant therapy; suitable
for patients with multiple or partially
accessible arterial thromboses

Table 2 was created based on clinical concepts and therapeutic principles described in references (7, 8, 11).

Although conservative treatment was successful
in this case, surgical management remains an impor-
tant option for patients presenting with signs of acute
ischemia of vital organs or limbs, progressive throm-
bosis, or failure of conservative therapy. Indications
for surgery include acute intestinal infarction, limb
gangrene, massive thrombosis compromising hemod-
ynamic stability, or the presence of embolic fragments
posing a risk of distal arterial occlusion. Surgical ap-
proaches may include thrombectomy, endarterecto-
my, bypass grafting, or other reconstructive vascular

procedures, depending on the localization and extent
of thrombosis (9, 10). Decision-making regarding sur-
gical intervention requires a multidisciplinary assess-
ment involving vascular surgeons, hematologists, and
radiologists to evaluate risk—beneft ratios and deter-
mine the optimal timing of surgery.

Literature reports indicate that, when feasible, an
early combination of anticoagulant therapy and selec-
tive surgical intervention can improve outcomes and
reduce morbidity, especially in patients with extensive
or multiple arterial thromboses (Table 1).
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In recent decades, endovascular procedures have
emerged as an important alternative to open surgery
in the treatment of arterial thromboses, particularly in
patients with high surgical risk or limited resectable
segments. Techniques such as catheter-directed throm-
bolysis, percutaneous thrombectomy, and stent place-
ment enable direct thrombus dissolution or removal,
restoration of perfusion, and reduction of long-term
tissue damage. Endovascular approaches are typically
used in subacute or acute thromboses where there is
a vital threat to an organ or limb but hemodynamic
stability can be maintained. These minimally invasive
methods, often combined with systemic or local an-
ticoagulant therapy, enhance treatment effcacy and
reduce the need for open surgical procedures (1, 5, 9)
(Table 2).

According to the literature, timely application of
endovascular interventions can signifcantly improve
outcomes, shorten hospitalization, and decrease mor-
bidity in patients with extensive arterial thromboses
(12).

CONCLUSION

The presented case demonstrates that antithrom-
bin 111 defciency, although rare, can lead to extensive
arterial thrombosis and severe clinical manifestations
even in younger patients. Timely diagnosis and im-
plementation of a conservative therapeutic approach
resulted in a favorable outcome without the need for
surgical intervention. Long-term follow-up confrmed
clinical stability and absence of recurrence, emphasiz-

Sazetak

ing the importance of early recognition and appropri-
ate management of such coagulation disorders.
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TROMBOZAAORTE | GORNJE MEZENTERIJALNE ARTERIJE
U SKLOPU DEFICITAANTITROMBINA 1I-DIJAGNOSTICKI
| TERAPIJSKI IZAZOVI KONZERVATIVNOG LECENJA

Surla Dimitrije,* Nikoli¢ Marija,* Trifunovi¢ Nemanja,* Stojadinovi¢ Milica?

t Klini¢ko bolnic¢ki centar Zemun, SluZba opste hirurgije, Beograd, Srbija
2 Univerzitetski klinicki centar Srbije, Centar za radiologiju i magnetnu rezonancu, Beograd, Srbija

Uvod:Tromboza velikih arterijskih krvnih sudo-
va, kao Sto su abdominalna aorta i gornja mezenteri-
jalna arterija, predstavlja retko, ali ozbiljno stanje koje
zahteva pravovremenu dijagnostiku i adekvatan tera-
pijski pristup. Jedan od faktora rizika je defcit anti-
trombina Il1 (AT 11), redak poremecaj koagulacije ko-
ji povecava verovatno¢u nastanka tromboza, pri ¢emu
su arterijske tromboze rede, ali potencijalno ozbiljnije.

Prikaz slucaja: Predstavljamo slucaj 39-godisnje
Zene koja je hospitalizovana zbog naglog abdominal-
nog bola. Dijagnostika, ukljuéuju¢i CT abdomena i

male Kkarlice i CT angiografju, otkrila je trombozu di-
stalnog dela abdominalne aorte i gornje mezenterijalne
arterije. Laboratorijskim testom potvrden je nizak nivo
AT I11, dok su testovi na nasledne tromboflije bili ne-
gativni, sugeriSuci verovatnost ste¢enog oblika defcita.

Pacijentkinja je leCena konzervativno, uz primenu
koncentrata antitrombina, niskomolekularnog hepari-
na i oralnog antikoagulanta. Terapija je dopunjena kar-
dioprotektivnim i gastroprotektivnim lekovima, kao
i fzikalnom rehabilitacijom. Tokom hospitalizacije
stanje pacijentkinje bilo je stabilno, a simptomi su se
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Figure 1. ECG recording after resuscitation measure

and bronchodilators. Initial subjective improvement
was followed by rapid deterioration, with impaired
consciousness and increasing respiratory diffculty,
progressing to respiratory arrest with cardiac arrest
and unmeasurable blood pressure. Cardiopulmonary
resuscitation (CPR) was commenced, including ad-
ministration of epinephrine, to which she responded.
Return of spontaneous circulation was achieved, with
restoration of spontaneous breathing and heart activity.
She vomited several times and subsequently became
communicicative, reporting headache as the predom-
inant symptom. She continued to deny chest pain. A
post-resuscitation electrocardiogram (ECG) demon-
strated ST-segment depression in leads II, I1l, aVF,
V2, V3, V4, V5, and V6, with ST-segment elevation
inaVR (Figure 1).

The post-resuscitation ECG, in sinus rhythm at a
rate of 120/min, shows marked ST-segment depression
in leads I, 111, aVF, and VV2-V6, with ST-segment el-
evation in aVR. The patient reported no chest pain at
the time of recording.

The patient was transported to a higher-level
health facility hemodynamically stable, with normal

vital parameters. Laboratory results on admission
were as follows: troponin | 512 pg/mL (reference
29.62-74.64 pg/mL), D-dimer 2.86 mg/L FEU (ref-
erence 0-0.55 mg/L FEU), leukocytes 14.10 x 10%L
(reference 3.9-10.0 x 10%L), and prothrombin time
13.5 s (reference 9.3-11.6 s) (Table 1 and 2).

The leukocyte count was elevated above the
reference range, supporting an infammatory compo-
nent in the overall clinical picture. In anaphylactic
reactions, generalized vasomotor disturbances and
complex pathophysiological mechanisms can affect
coagulation; accordingly, the fndings included mild-
ly prolonged prothrombin time and elevated D-dimer
values.

The next day, troponin | was 1264.15 pg/mL (ref-
erence 29.62-74.64 pg/mL). On 09/09/2025, four days
after the anaphylactic shock, the fndings were as fol-
lows: leukocytes 14.00 x 10%L, D-dimer 0.87 mg/L
FEU, troponin 1 108.11 pg/mL, and BNP 31.80 pmol/L
(reference 0-28.9 pmol/L).

During hospitalization, transthoracic echocardi-
ography was performed, and no segmental wall-mo-
tion abnormalities were observed.

Table 1. Troponin values

Troponin values
Day Hour Result Reference value

05.09.2025 11.41 512.92 pg/ml 29.62-74.64 pg/ml

05.09.2025 14.29 1117.64 pg/ml 29.62-74.64 pg/ml

05.09.2025 19.35 1545.44 pg/ml 29.62-74.64 pg/ml

06.09.2025 06.26 1264.15 pg/ml 29.62-74.64 pg/ml

09.09.2025 06.28 108.11 pg/ml 29.62-74.64 pg/ml

11.09.2025 06.31 34.7 pg/ml 29.62-74.64 pg/ml

Table 2. Additional Laboratory Findings
Other laboratory analysis

Date Hour Analysis Result Reference value
05.11.2025 14:35 Leukocites 19x10°%/L 3.9 - 10x10%L
05.11.2025 14:35 Prothrombin time 13.1s 9,3-11,6 s
05.11.2025 14:35 D - dimer 2,21mg/L FEL 0-0,55 mg/LFEL
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DISCUSSION

Symptoms of myocardial ischemia and infarction
in Kounis syndrome exhibit sex-related differences,
with women reporting chest pain less frequently than
men (9-17). Although the mechanisms underlying sex
differences in the presentation of coronary artery dis-
ease are incompletely defned, estrogen has been im-
plicated in the modulation of pain sensitivity and noci-
ceptive processing (18-21). The absence of chest pain
at presentation in the current case may therefore be re-
lated, at least in part, to female sex. Kounis syndrome
is most frequently reported in middle-aged men (8), a
distribution that likely refects the burden of athero-
sclerotic risk factors in that population, including hy-
pertension, dyslipidemia, diabetes, and smoking (22).

Medications constitute the most common trig-
ger for Kounis syndrome (23). In a 2019 series, 142
of 252 cases (56.3%) were drug-induced (24). In the
present case, which involves a young woman with a
low atherosclerotic risk profle, onset plausibly relates
to exposure to drugs or other agents known to precipi-
tate anaphylaxis and mast-cell degranulation (11). We
document a type | Kounis presentation without chest
pain in a young female patient. Because Kounis syn-
drome is typically described in men aged 40-70 years
and commonly accompanied by chest pain (8), a pain-
less presentation in a young woman is uncommon.
Clinicians evaluating patients with severe allergic re-
actions, including anaphylaxis, should consider con-
current acute coronary syndrome irrespective of age,
sex, or the presence of chest pain.

Among patients with allergic reactions, in-hospi-
tal mortality has been reported at 7.0% for those with
concomitant acute coronary syndrome attributed to
Kounis syndrome, compared with 0.4% in those with-
out acute coronary involvement (6). Higher rates of
stroke and venous thrombosis have also been observed
in this population (6). These outcomes underscore the
need for rapid recognition and timely management. In
most cases, symptom onset occurs within one hour of
exposure to the inciting trigger (8). When Kounis syn-
drome is suspected, prompt 12-lead electrocardiogra-
phy and transthoracic echocardiography are recom-
mended, with early consideration of vasodilator thera-
py or coronary angiography when clinically indicated.

In this case, the induced vasospasm led to an in-
crease in cardiac injury biomarkers, which gradually
decreased over time toward reference values, indicat-
ing ischemia. Prolonged vasospasm caused myocardi-
al cell necrosis, resulting in an increase in the cardi-
ac-specifc biomarker troponin. The spasm persisted at
a high level for hours and then gradually returned to
reference values over the course of days.

Kounis syndrome is a less heavily studied topic
compared to other cardiovascular diseases. There-
fore, existing protocols have not adequately addressed
this condition. In a cross-sectional study published in
March 2025 (25) on 150 cases of Kounis syndrome,
coronary angiography was performed in only 119 cas-
es. This leaves space for the cardiologist to assess the
necessity of coronary angiography or other diagnostic
approaches on a case-by-case basis.

Management of Kounis syndrome differs from
that of other acute coronary syndromes because it re-
quires concurrent treatment of the underlying allergic
reaction. Intravenous corticosteroids and H1 and H2
antihistamines are commonly used as part of the in-
itial approach. For types Il and Il1, standard reperfu-
sion strategies are required in addition to antiallergic
therapy (4). Early diagnosis and coordinated treatment
targeting both coronary and allergic pathophysiology
are essential to improve outcomes.

CONCLUSION

Kounis syndrome, although uncommon in young
women and particularly rare without chest pain,
should remain in the differential diagnosis for any se-
vere systemic allergic reaction, including anaphylaxis.
Clinical management should be protocol driven: after
initial stabilization, obtain a 12-lead ECG, perform se-
rial high-sensitivity troponin testing, conduct bedside
transthoracic echocardiography, and involve cardiolo-
gy early, with coronary angiography considered when
clinically indicated. Treatment must address both the
allergic cascade and myocardial ischemia, with care-
ful selection of agents that do not exacerbate coronary
vasospasm.

This case underscores two practice-critical points.
First, absence of chest pain does not exclude acute cor-
onary involvement in anaphylaxis; ECG changes and
elevations in hs-troponin require immediate interpre-
tation and action. Second, the differential diagnosis
should explicitly consider epinephrine-induced vasos-
pasm, Takotsubo cardiomyopathy, and myocarditis, be-
cause therapeutic decisions depend on their distinction.

Given the documented risk of adverse outcomes
and the persistent under-recognition of this entity, in-
stitutions should implement standardized operating
procedures in emergency and critical care settings,
provide targeted staff education, and integrate allergy
and cardiology input early in the care pathway. Timely
diagnosis coupled with coordinated therapy is essen-
tial to reduce morbidity and mortality in Kounis syn-
drome.
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ing or sponsorship.
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