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Dear Editor,

It is with considerable interest that I 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 difficulty 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)-specific magnetic beads
antecedent to the customary mini column isolation,
proves efficacious where previous attempts faltered.
The successful isolation of RNA from cultures ex-
ceeding six months in duration—confirmed 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 specific 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,

Prihvacen/Accepted: 13. 12. 2025.

Online First: 23. 12. 2025.

the affiliation 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 efficacy 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 affirm-
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

¢DNA — 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 identified inde-
pendent risk factors: higher body mass index (adjusted
odds ratio 1.12 per unit, 95% confidence interval 1.05—
1.19, p<0.001), vertical incision (odds ratio 4.10, 95%
CI 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 significant 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
five 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 signifi-
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-stratified 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 specific 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 [H, 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,
defined according to CDC criteria and requiring antibi-
otic treatment or intervention, was recorded. Physical
activity levels were self-reported and classified 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. Identification of independent risk factors for [H
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
first 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% confidence in-
tervals (CIs). A p-value < 0.05 was considered statisti-
cally significant.

RESULTS

Participant characteristics at enrollment

Table 1 summarizes the baseline characteristics
of the 200 study participants. On average, participants
were 34.2 years old (£ 6.5 years) with a mean BMI of
28.5 kg/m? (£ 4.2 kg/m?). 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
Characteristic (fl)‘;e;z:)l) Ceszzll‘leinl g((;)c tion Opelzn(}jr;g;(;loglc p-value

Age (years), mean = SD 342+6.5 32.8+5.9 35.6+£6.8 0.003
BMI (kg/m?), mean + SD 28.5+4.2 29.1+4.5 27.9+3.9 0.038
Parity, median [IQR] 21, 3] 21, 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 [H (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 identified higher BMI, verti-
cal incision, postoperative wound infection, and a his-
tory of two or more prior Cesarean sections as signifi-
cant factors associated with IH development (Table 2).

DISCUSSION

This prospective observational study provides ro-
bust evidence for risk stratification of incisional hernias
(IH) following common gynecological and obstetric sur-
geries. Our findings confirm 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+4.5 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 1 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
significant 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 confirmation 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 [H
incidence of 8.0% aligns with the higher end of the range
reported in contemporary literature for mixed surgical
cohorts, reflecting 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 significant 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 find-
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 significant role
of obesity in hernia development. Factors contributing
to this risk include increased intra-abdominal pressure,
reduced blood flow to the abdominal wall fascia from
excess adipose tissue, and potentially poorer tissue
quality and healing in obese patients (9). This finding
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 modifiable surgical
factor with substantial impact on long-term outcomes.
Guitarte et al. (12) reported similar findings, identifying
older age, hypertension, loop sutures, and cancer as risk
factors for IH after vertical midline laparotomy.

Perhaps the most significant modifiable risk factor
in our study was postoperative wound infection, which
increased the odds of IH by over five-fold (OR 5.22).
Surgical site infection (SSI) creates a local inflamma-
tory environment that leads to collagenolysis, impaired
fibroblast 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 classified 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 finding of our study is the
quantification 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 findings on early symp-
tomatology suggest clear opportunities for improving
patient care. High frequencies of patient-reported ear-
ly symptoms, specifically 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 flag” 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 findings 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 significance of rarer variables or
more complex interactions.

CONCLUSION

This study successfully identified 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 profile
for high-risk patients. These findings 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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STRATIFIKACIJA FAKTORA RIZIKA I RANA DETEKCIJA INCIZIONALNIH
HERNIJA NAKON CARSKOG REZA I OTVORENIH GINEKOLOSKIH
PROCEDURA: PROSPEKTIVNA OPSERVACIONA STUDIJA
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Uvod: Incizionalna hernija predstavlja znacajnu
komplikaciju abdominalnih operacija, koja dovodi do
bola, funkcionalnih ograni¢enja i povecanih troskova
zdravstvene zastite. Cilj ove studije bio je identifiko-
vati 1 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 zZena, svaka pracena 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-
$kih procedura. Multivarijabilna analiza identifikovala
je sledeée 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% CI 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% CI 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 fizickih 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 reci: Incizionalna hernija, carski rez, gi-
nekoloske operacije, faktori rizika, prospektivna studi-
ja, gojaznost, infekcija hirur§kog 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 confirmed 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 first-line treatment in this population.

Keywords: Avulsion 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
ossification 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 intensifies 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 (IC), 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 ossification.
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
confirm 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 confirmed 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).

=AIIS = ASIS

Figure 2. Distribution of ASIS (anterior superior
iliac spine) vs. AILS (anterior inferior iliac spine)
Avulsion Injuries
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Regarding fracture location, eight patients sus-
tained anterior inferior iliac spine (AILS) 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-
ficulty walking independently. Radiographic imaging
confirmed apophyseal displacement of up to 13 mm in
all cases.

All patients were managed conservatively, includ-
ing analgesics, bed rest with the hip flexed and slightly
abducted, and ambulation with axillary crutches. Six
patients (50%) underwent orthopedic treatment for
five 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 confirmed 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 five 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 specifically 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 ossification.

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)
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During this phase, the apophyseal growth plate is ex-
posed to an increased risk of improper ossification
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 influenced 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 findings 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 AIIS 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-
firmed 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 findings 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 confirming 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
five 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 five 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 five
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 five-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 modification, 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-specific training. Despite the prevalence of
these injuries, the review highlighted a lack of new
knowledge regarding pelvic sports injuries, with on-
ly fifteen 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 ossification 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 confirming that
non-operative management is an appropriate treatment

option for avulsion fractures with displacement up to
15 mm. These findings 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 five weeks,
followed by approximately four weeks of rehabilita-
tion, resulted in excellent functional outcomes. Con-
sistent with findings from the literature, our study sup-
ports the view that conservative management should
be considered the first-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
I ADOLESCENATA: KLINICKI ISHODI NEOPERATIVNOG LECENJA

Bozovi¢ Aleksandar,'? Jovanovi¢ Sasa,"? Petrovi¢ Dusan,' > Denovi¢ Predrag,’
Tabakovi¢ Dejan,'* Duli¢ Oliver,** Milinkov Milan,* Lali¢ Ivica®
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Uvod: Avulzione frakture prednje ilijacne spine
predstavljaju povrede tipi¢ne za fizi¢ki 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 karlice. Anali-
zirani su podaci o uzrastu, lokalizaciji preloma, meha-
nizmu povrede, nacinu leCenja i trajanju rehabilitacije.
Svi pacijenti su leCeni neoperativno — mirovanje, anal-
getici 1 upotreba Staka, a potom fizikalna terapija.
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Abstract: Background: Aortic stenosis (AS) is a
systemic disease characterized by valvular obstruction,
ventricular remodeling, and perioperative vulnerabil-
ity to oxygen supply—demand imbalance. This study
evaluated perioperative metabolic and biomarker dy-
namics and early postoperative outcomes in patients
undergoing surgical aortic valve replacement (AVR).

Patients and Methods: A prospective observa-
tional study was conducted on 60 consecutive adults
with severe AS who underwent surgical AVR at a
single center. Demographics, anthropometric data,
intraoperative variables, complications, and pre- and
postoperative hemodynamic and laboratory param-
eters were evaluated. Postoperatively, the following
were assessed at 6 and 24 hours: mean arterial pres-
sure (MAP), arterial oxygen saturation (SaO,), partial
pressure of oxygen (Pa0,), pH, partial pressure of car-
bon dioxide (PaCO,), hemoglobin (Hb), lactate, and
creatine kinase-MB isoenzyme (CK-MB). Continuous
data are presented as mean + standard deviation (SD)
or median (interquartile range, IQR). Paired t-tests
were used to compare values between 6 and 24 hours.

Results: The mean age was 69.9 + 7.3 years;
58.3% were male. Mean anesthesia and operation
times were 151.5 £ 21.8 and 126.8 = 20.6 minutes,
respectively; mean cardiopulmonary bypass (CPB)
and cross-clamp times were 78.3 £ 17.6 and 58.5 +
16.7 minutes. Nearly half of the patients (46.7%) had
no postoperative complications; others experienced
bleeding (16.7%), arrhythmias requiring therapy
(6.7%), permanent pacemaker implantation (8.3%),

Prihvacen/Accepted: 11. 11. 2025.

Online First: 24. 11. 2025.

re-exploration (6.7%), infection (8.3%), respiratory
failure (3.3%), or renal failure (3.3%). From 6 to 24
hours postoperatively, lactate decreased (2.34 + 0.96
— 1.87 £ 0.98 mmol/L; p = 0.006) and CK-MB de-
clined (52.5 + 34.2 — 39.0 + 30.8 U/L; p = 0.001),
while Hb increased (103.5+10.1 — 120.1 £22.9 g/L;
p <0.001). pH decreased modestly (7.396 + 0.057 —
7.365 £ 0.065; p = 0.015). MAP, SaO,, PaO,, and Pa-
CO, showed no significant changes. The median hos-
pital stay was 7 days (IQR 6-8).

Conclusions: In patients undergoing surgical
AVR for AS, early postoperative trends demonstrat-
ed an improving metabolic profile (lower lactate) and
biomarker normalization (CK-MB) with stable ox-
ygenation, alongside low-to-moderate complication
rates and a consistent 7-day median stay. Integrating
perioperative oxygen-balance markers and cardiac
biomarkers with imaging and left ventricular hyper-
trophy (LVH) assessment may refine timing and risk
stratification for intervention. Prospective studies with
standardized imaging and longer follow-up are war-
ranted to link early metabolic recovery with ventricu-
lar remodeling and clinical outcomes.

Keywords: aortic stenosis, aortic valve replacement,
lactate, creatine kinase-MB isoenzyme, biomarkers.

INTRODUCTION

Aortic stenosis (AS) is one of the most common
and clinically significant valvular diseases, with in-
cidence rising in parallel with aging populations and
comorbid cardiovascular conditions (1, 2). The 2021
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ESC/EACTS Guidelines emphasize timely diagnosis,
accurate risk stratification, and balancing surgical and
transcatheter aortic valve replacement (TAVR) options
(1). The disease is increasingly recognized as a system-
ic process involving valve calcification, ventricular re-
modeling, and vascular alterations—often referred to
as the “triumvirate” of valve, ventricle, and vessel (3).

Left ventricular hypertrophy (LVH), a hallmark
of chronic pressure overload in AS, carries prognostic
implications beyond valvular obstruction (4, 5). While
surgical or transcatheter intervention can promote re-
gression, recovery is variable, and higher preoperative
left ventricular mass index (LVMI) has been associated
with residual hypertrophy and adverse outcomes (6).

Advances in multi-modality imaging provide de-
tailed evaluation of AS severity and myocardial adap-
tation. Echocardiography remains the cornerstone for
grading, while computed tomography (CT) calcium
scoring is indispensable for TAVR planning (7). Car-
diovascular magnetic resonance (CMR) adds prognos-
tic value by detecting diffuse fibrosis and extracellular
matrix remodeling (8).

Biomarkers complement imaging in perioperative
management. Lactate and creatine kinase-MB (CK-
MB) reflect metabolic and myocardial recovery after
intervention, while troponin and multimarker strategies
predict adverse outcomes (9, 10). Perioperative studies
further highlight the importance of maintaining oxygen
supply—demand balance and myocardial protection dur-
ing anesthesia and cardiopulmonary bypass (11, 12).

Finally, landmark trials and meta-analyses have
refined the timing of intervention, particularly in
asymptomatic severe AS. Evidence suggests that ear-
lier AVR in selected patients improves outcomes (13,
14). In this context, surgical AVR continues to provide
reliable results with acceptable complication rates,
while TAVR expands treatment options for both high-
and low-risk patients (15, 16).

PATIENTS AND METHODS

This was a prospective descriptive study that
included 60 consecutive patients with severe aortic
stenosis (AS) who underwent surgical aortic valve
replacement (AVR) at the Clinic for Cardiac Surgery,
Acibadem-Sistina Hospital, Skopje, North Macedonia,
between October 2024 and April 2025. Patients were
eligible if they were 18 years of age or older, had echo-
cardiographically confirmed severe AS, and had com-
plete perioperative documentation. Those undergoing
concomitant major cardiac procedures or those with
incomplete data were excluded.

Data were obtained from institutional medical re-
cords, anesthesia charts, surgical protocols, and labo-
ratory reports. The data collector was blinded to peri-

operative management and the clinical course of the
patients. Demographic information included age and
sex, while baseline clinical and anthropometric char-
acteristics comprised weight, height, body mass index
(BMI), and American Society of Anesthesiologists
(ASA) classification. Intraoperative variables included
anesthesia and operation duration, cardiopulmonary
bypass (CPB) and cross-clamp times, lowest hemo-
globin (Hb), hematocrit (Hct), and body temperature
during CPB, norepinephrine requirements, cardiople-
gia regimen, transfusion requirements, cardiac rhythm
changes, and number of defibrillations required.

All patients underwent full sternotomy with car-
diopulmonary bypass, with the flow rate set to 2.2-2.4
L/min/BSA, using cold blood cardioplegia adminis-
tered at 15- to 20-minute intervals to achieve cardi-
ac arrest and protect the myocardium during surgery.
Postoperative complications were also recorded, in-
cluding bleeding, re-exploration, arrhythmias, perma-
nent pacemaker implantation, infections, respiratory
failure, and renal failure.

Preoperative echocardiographic and laboratory
measurements included aortic valve area (AVA), in-
terventricular septal and posterior wall thickness, peak
velocity (Vmax), Hb, Hct, arterial oxygen saturation
(Sa0,), arterial partial pressure of oxygen (PaO,), pH,
arterial partial pressure of carbon dioxide (PaCO,),
lactate, and creatine kinase—MB isoenzyme (CK-MB).
Postoperative hemodynamic and laboratory data were
recorded at 6 and 24 hours after surgery, including
mean arterial pressure (MAP), SaO,, PaO,, pH, Pa-
CO,, Hb, lactate, and CK-MB. The length of hospital
stay (LOS) was also analyzed.

A detailed description of the surgical technique
will be added once provided by the surgical team and
will include the approach to cannulation, prosthetic
valve implantation, cardioplegia administration, and
weaning from CPB.

Continuous variables were summarized as mean
+ standard deviation (SD), median with interquartile
range (IQR), and minimum-maximum values. The
normality of distribution was assessed using the Shap-
iro—Wilk test. Comparisons between sexes were per-
formed using the Mann—Whitney U test, while changes
between postoperative values at 6 and 24 hours were
analyzed using the paired t-test. Categorical variables
were expressed as frequencies and percentages. A
p-value < 0.05 was considered statistically significant.

RESULTS

A total of 60 patients with severe aortic stenosis
undergoing surgical aortic valve replacement during
the study period were included. The results are pre-
sented in six structured tables, covering demographic



EVALUATION OF HEMODYNAMIC AND BIOMARKER CHANGES IN PATIENTS UNDERGOING SURGICAL AORTIC...

261

Table 1. Demographics by sex

Variable Male (N = 35) Female (N = 25) Total (N = 60)
Age, years (Mean = SD) 68.34+7.51 71.96 £ 6.65 69.85+7.33
Median (IQR) 69 (64-74) 73 (68-77) 70 (66-75)
Min—Max 49-80 54-80 49-80

data, baseline anthropometric and clinical characteris-
tics, operative and intraoperative parameters, postop-
erative complications, preoperative echocardiographic
and laboratory values, and postoperative hemodynam-
ic and laboratory outcomes.

The cohort consisted of 35 men (58.3%) and 25
women (41.7%), with a mean age of 70 years (range:
49-80). No significant sex differences were observed
in age distribution (Table 1).

Baseline anthropometric and clinical characteris-
tics showed an overweight cohort (mean BMI: 28 kg/
m?), with all patients classified as ASA III (Table 2).

Operative parameters demonstrated mean anes-
thesia and operation times of approximately 150 and
127 minutes, respectively. Cardiopulmonary bypass

Categorical intraoperative findings, including car-
dioplegia regimens, transfusion requirements, rhythm
changes, and defibrillation needs, are summarized in
Table 4.

Nearly half of the patients (46.7%) had an un-
complicated postoperative course. The most common
complications were bleeding (16.7%), arrhythmias
(6.7%), and infections (8.3%), while respiratory and
renal failure were rare (3.3% each). Details are shown
in Table 5. The distribution of age, BMI, body weight,
height, anesthesia and operation duration, CPB, and
cross-clamp times is illustrated in Figure 1.

Table 4. Operative and intraoperative
categorical parameters

(CPB) and cross-clamp durations averaged 78 and 59 Variable Category n (%)
minutes. The lowest hemoglobin and hematocrit values Cardioplegia doses 2 6 (10.0)
on bypass were 9 g/dL and 27%, respectively (Table 3). 3 24 (40.0)
4 24 (40.0)
Table 2. Baseline anthropometric and clinical 5 6 (10.0)
characteristics of 60 patients RBC transfusion 0 41 (68.3)
Variable Total (N = 60) 1 17(28.3)
BMI, kg/m? (Mean + SD) 28.16 £3.96 FFP transfus: (2) 43 (;'33)3
Median (IQR) 28.2(24.9-31.2) TaNsTUsIon 1 " EZ 6‘73
Weight, kg (Mean + SD) 80.27 £ 13.15 Crvomrecinitate 0 50 (83.3)
Median (IQR) 81 (70.3-89.8) TRl 1 0(167)
Helght, cm (Mean + SD) 168.67 & 8.02 Platelet transfusion 0 56 (93.3)
Median (IQR) 168 (164-175.8) | 4(6.7)
BMI — Body Mass Index;SD — Standard Deviation;IQR — In- Rhythm Sinus rhythm (SR) | 40 (66.7)
terquartile Range. Pacemaker (PM) 12 (20.0)
. . . Atrial fibrillation (AF) | 8 (13.3)
Tube 3. Operative and iniraoperaiive Defbrilaion 0 2667
p 1 23 (38.3)
Variable Mean +£SD | Range 2 8(13.3)
Anesthesia time, min 151.5+21.8 | 110-195 >3 7(11.7)
Operation time, min 126.8 +20.6 | 88-179
CPB time. min 783+ 17.6 | 46-127 Table 5. Postoperative complications
Cross-clamp time, min 58.5+£16.7 | 24-100 Complication n (%)
Lowest Hb on CPB, g/dL | 8.95+1.22 | 6.3-12.5 None 28 (46.7)
Lowest Hct on CPB, % 272+3.6 19-37 Bleeding 10 (16.7)
Lowest temperature, °C 35.1+£04 |34.3-36.2 Re-exploration 4 (6.7)
Norepinephrine dose, Permanent pacemaker 5(8.3)
ng/kg/min 125.0+203.0| 0-987.5 Arrhythmia (Amiodarone/Cardioversion) 4(6.7)
CPB — Cardiopulmonary Bypass; Hb — Hemoglobin;Hct — He- Resplfatory failure 2(33)
matocrit; °C — Degrees Celsius; pg/kg/min — Micrograms per Il’lfCC'[IOI% 3(8.3)
kilogram per minute; SD — Standard Deviation. Renal failure 2(3.3)
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Graph 1. Distribution of patients by age Graph 2. Distribution of patients by BMI
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Figure 1. Histogram distribution of demographic and intraoperative variables
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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
IVSd, 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) 622
Vmax, m/s 4.717 £ 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., % 9523 +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 Velocity; Hb — Hemoglo-
bin; Hct — Hematocrit; SaO, — Arterial Oxygen Saturation; PaO, — Partial Pressure of Oxygen in Arterial Blood; pH — Hydrogen
Ton 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 + gl]l)l;(;\j[tf-:zli)an [IQR]) (Mean i284]l)l 7 ﬁiﬁn [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(':13)0
Lactate, mmollL | 2.34=0.96/2.15 (1.7-3.0) 1874098/ 1.7 (1.02.5) 0.7-52/0.545 | 0.006
CK-MB, UL 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/ 1145 (101.3-141.8) | 87-127/87-168 | <0.001
Sa0., % 99.2 4 0.98 /9.0 (99-100) 9.4+ 1.20/ 100 (100-100) 96-100/95-100 0(1213)4
PaO, mmHg | 141.5+254/143.0(1223-162.8) | 136.029.4/138.0 (110.5-155.8) | 94-193/85-195 0(.r2155)8
pH 7396 +0.057 /7405 (7.38-7.43) | 7.365+0.065/7.380 (1.33-7.41) |7.22-7.51/7.21-745 0.015
PaCO, mmHg | 419+2.77/418 (39.8-43.4) 42.8+445/42.7(40.6-453) | 364-50.0/30.2-54.0 0('1153)3

MAP — Mean Arterial Pressure; Hb — Hemoglobin; SaO, — Arterial Oxygen Saturation; PaO, — Partial Pressure of Oxygen in Arte-
rial Blood; pH — Hydrogen Ion 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 Significant; SD— Standard Deviation; IQR — Interquartile Range.

Preoperative echocardiographic and laboratory
parameters confirmed severe AS, with a mean valve
area of 0.71 cm? and a Vmax of 4.7 m/s. Baseline lab-

oratory values are pre

Postoperatively, lactate and CK-MB decreased

sented in Table 6.

501

40t

30

significantly from 6 to 24 hours, while hemoglobin in-
creased. Oxygenation parameters remained stable, pH
showed a slight but significant decrease, and no signif-
icant changes were observed in MAP, PaO,, SaO,, 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).

Percentage of patients (%)

20

101

Length of Stay (days)

Mean = 7.1 days
SD =0.9

36.7% 36.7%

1.7%

5 days 6 days

7 days 8 days 9 days

Hospital stay duration

Figure 2. Distribution of hospital stay (LOS) among

patients, expressed in days (% of patients)
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Table 8. Comparative overview of key studies in AS and LVH

Relevance to Present

Study / Year Focus Key Findings Study
Généreux et al., 2017 [13] | AS staging Proposed staging Validates LVH as
classification based prognostic marker
on extent of cardiac damage
Bennett et al., 2024 [4] LVH regression Early regression Similar regression
of cell and matrix trends observed
hypertrophy 2 months post-
AVR
Mahmod et al., 2024 [5] Remodeling Differentiates AS vs Supports interpreta-
differentiation hypertension-induced LVH | tion of heterogeneous
regression
Barletta et al., 2021 [6] Long-term remodeling | LA recovery peaks Highlights prognostic
at 3 months, LV role of baseline LVMI
recovery up to 2 years; high
LVMI
predicts residual
hypertrophy
Khuong et al., 2023 [10] Troponin & TAVR Elevated troponin Corroborates

predicts adverse
outcomes

biomarker findings

Jakobsson et al., 2019
[12]

Oxygen consumption

General anesthesia reduces
VO,

perioperative oxygen
balance critical

Supports
perioperative findings

Jorgensen et al., 2024 NOTION-2 trial TAVR effective Provides benchmark
[15] in low-risk AS patients against surgical AVR
Leon et al., 2010 [16] Inoperable AS TAVR improved Contextualizes
survival vs medical therapy | surgical AVR vs
TAVR

DISCUSSION

Our findings 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-
cifically, 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 defines
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
fibrosis and extracellular remodeling (8). Together,
multimodality imaging allows individualized treat-
ment planning and risk stratification.

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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(10), 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 findings 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,
reflecting outcomes comparable to contemporary sur-
gical series. TAVR trials, including NOTION-2 and
landmark studies by Leon et al., confirm 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 significant
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
confirm 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 findings confirm that perioperative
metabolic changes, biomarker fluctuations, and left ven-
tricular hypertrophy significantly influence 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 findings 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 potros$nje kiseonika.
Cilj ove studije bio je da proceni perioperativne me-
tabolicke i1 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 hirur§koj zameni aortnog zaliska (AVR) u
jednoj ustanovi. Analizirani su demografski i antropo-
metrijski podaci, intraoperativni parametri, postopera-
tivne komplikacije, kao 1 hemodinamski i laboratorij-
ski pokazatelji pre i posle operacije.

Postoperativno su, nakon 6 i 24 ¢asa, praceni sle-
de¢i 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. ¢asa koriSéen 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 prose¢na vremena
na kardiopulmonalnom bajpasu (CPB) i klemovanja
iznosila 78,3 £ 17,6 1 58,5 + 16,7 minuta.
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Case report
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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
IIT (AT IIT) deficiency, a rare coagulation disorder that
increases the likelihood of thrombosis. While arterial
thromboses are less common than venous ones, they
can have significant 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
confirmed low AT III levels, while tests for hereditary
thrombophilias were negative, suggesting a likely ac-
quired deficiency.

The patient was treated conservatively with AT
III 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 confirmed stable clinical status and ab-
sence of recurrent thrombosis.

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

Prihvacen/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 I1I deficien-
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 111 defi-
ciency significantly 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.
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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 confirmed 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 findings could not be
independently verified.

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

Laboratory analyses revealed a decreased level
of antithrombin III, 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 confirmed limited dorsiflexion. 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 filling defect corresponding
to acute thrombus formation. Absence of contrast
opacification 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.



AORTIC AND SUPERIOR MESENTERIC ARTERY THROMBOSIS IN ANTITHROMBIN 11l DEFICIENCY-DIAGNOSTIC AND...

271

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 findings,
including antithrombin III levels, and without any re-
currence of thromboembolic events (Figure 3).

DISCUSSION

Antithrombin III (AT III) deficiency is a ra-
re but clinically significant 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 III deficiency 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 III levels were regularly monitored and
consistently within the reference range. These find-
ings indicate that the condition was not a classical he-
reditary thrombophilia, suggesting either an acquired
deficiency or a rare congenital form undetectable by
standard genetic panels.

Regardless of etiology, the negative thrombophil-
ia results and stable AT III 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 findings 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
confirmed 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
profile monitoring represents a standardized and safer
treatment strategy for patients with AT III deficiency
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 findings,
confirming the efficacy 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 III Deficiency
Therapy / Medication Dosage / Administration Duration Notes / Purpose

Kybernin (Antithrombin

Individually adjusted dose

During the acute phase

Replacement of antithrom-

III concentrate) according to AT III level of hospitalization bin III deficiency and stabi-
lization of coagulation

Low-Molecular-Weight Subcutaneous, therapeutic | Initial phase of Rapid anticoagulation and

Heparin (LMWH) dose based on body weight | hospitalization prevention of thrombus

progression

Oral anticoagulant

Initial dose titrated accord-
ing to coagulation profile

Long-term, per

hematologic supervision

Maintenance of therapeu-
tic dose and prevention of

program for the lower
extremity

hospitalization

values thrombotic recurrence
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-
therapy (PPI) anticoagulants nal complications
Analgesics As needed Symptomatic Pain control
Physical therapy Individual exercise During and after 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

Type of 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
- Failure of conservative or - Bypass procedures | achievement of long-term vascular
endovascular therapy patency; associated with higher
- Extensive or multiple thromboses surgical risk and longer recovery
- Anatomical obstacles preventing period
endovascular access
Endovascular | - Subacute or acute thrombosis with | - Catheterdirected Minimally invasive; reduce
Procedures preserved hemodynamic stability thrombolysis hospitalization time; often combined
(Minimally - High surgical risk - Percutaneous with anticoagulant therapy; suitable
Invasive) - Partial thrombosis or segments thrombectomy for patients with multiple or partially
accessible via catheter - Stent placement 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—benefit 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 efficacy and
reduce the need for open surgical procedures (1, 5, 9)
(Table 2).

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

(11).
CONCLUSION

The presented case demonstrates that antithrom-
bin III deficiency, 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 confirmed
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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TROMBOZA AORTE I GORNJE MEZENTERIJALNE ARTERIJE
U SKLOPU DEFICITA ANTITROMBINA ITI-DIJAGNOSTICKI
I TERAPIJSKI IZAZOVI KONZERVATIVNOG LECENJA
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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 deficit anti-
trombina III (AT III), redak poremeéaj koagulacije ko-
ji poveéava verovatnocu nastanka tromboza, pri ¢emu
su arterijske tromboze rede, ali potencijalno ozbiljnije.

Prikaz sluéaja: Predstavljamo slucaj 39-godisnje
zene koja je hospitalizovana zbog naglog abdominal-
nog bola. Dijagnostika, ukljucuju¢i CT abdomena i

male karlice i CT angiografiju, otkrila je trombozu di-
stalnog dela abdominalne aorte i gornje mezenterijalne
arterije. Laboratorijskim testom potvrden je nizak nivo
AT III, dok su testovi na nasledne trombofilije bili ne-
gativni, sugeriSu¢i verovatnost ste¢enog oblika deficita.

Pacijentkinja je le¢ena konzervativno, uz primenu
koncentrata antitrombina, niskomolekularnog hepari-
na i oralnog antikoagulanta. Terapija je dopunjena kar-
dioprotektivnim i gastroprotektivnim lekovima, kao
i fizikalnom rehabilitacijom. Tokom hospitalizacije
stanje pacijentkinje bilo je stabilno, a simptomi su se
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postepeno povukli. Kontrolna dijagnostika nakon ne-
koliko meseci pokazala je potpunu rekanalizaciju za-
hvacenih krvnih sudova, a dugoro¢no pracenje tokom
dve godine potvrdilo je stabilnost klini¢kog stanja i
odsustvo recidiva tromboze.

Zakljucéak: Ovaj slucaj istice vaznost rane di-
jagnostike, identifikacije uzroka tromboze i pazljivo
sprovedenog konzervativnog lecenja kod pacijenata
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Case report

AN UNUSUAL PRESENTATION OF TYPE I KOUNIS SYNDROME:
HIGH TROPONIN WITHOUT CHEST PAIN AFTER ANAPHYLAXIS
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Abstract: Introduction: Kounis syndrome is de-
fined as the simultaneous occurrence of acute coronary
syndrome and an allergic or anaphylactic reaction. It
primarily affects men between 40 and 70 years of age
and is often associated with chest pain. Owing to lim-
ited awareness, this syndrome is frequently under-rec-
ognized and under-diagnosed in clinical practice.

Case presentation: We report a case of type |
Kounis syndrome in a young woman without chest
pain. The patient, who had allergic asthma since child-
hood, developed anaphylactic shock during the ad-
ministration of bronchodilators, corticosteroids, and
an antibiotic in an emergency outpatient setting, fol-
lowed by cardiac arrest. Subsequent laboratory testing
confirmed acute coronary syndrome.

Conclusion: Although Kounis syndrome is un-
common, particularly in young women, clinicians
should consider the possibility of acute coronary syn-
drome in severe allergic reactions. In this case, myo-
cardial injury was documented by electrocardiograph-
ic changes and later by cardiac biomarkers consistent
with coronary syndrome.

Keywords: allergic reaction, acute coronary syn-
drome, resuscitation.

INTRODUCTION

Kounis syndrome is defined as acute coronary
syndrome (ACS) occurring simultaneously with an al-
lergic or anaphylactic reaction, mediated by mast-cell
activation and the release of inflammatory mediators
and cytokines (1, 2). Three mechanistic types are rec-
ognized: type I, vasospastic ACS in angiographically
normal coronaries without atherosclerosis; type II,
ACS triggered by erosion or rupture of pre-existing
atheromatous plaques; and type III, ACS in the pres-

Prihvacen/Accepted: 13. 12. 2025.

ence of intracoronary stents, subclassified into Illa
(stent thrombosis) and IIIb (in-stent restenosis) (2, 3).
Triggers include drugs, foods, and insect stings, which
induce mast-cell degranulation with histamine, leu-
kotrienes, prostaglandins, chymase, and related medi-
ators that promote coronary vasoconstriction, platelet
activation, and thrombosis, resulting in ACS (1, 2, 4).
Limited clinical awareness leads to under-recognition
and under-diagnosis in routine practice (5).

Epidemiological data indicate an occurrence of
approximately 1.1-3.4% among patients with allergic
manifestations (6, 7). Men are more frequently affect-
ed (~74%), the peak age ranges from 40 to 70 years
(~68%), and chest pain is reported in ~87% of cases
(8). We report a type 1 presentation in a 25-year-old
woman without chest pain, illustrating a painless phe-
notype that may delay recognition.

CASE PRESENTATION

A 25-year-old female patient with allergic asthma
since childhood, treated with fenoterol hydrobromide
plus ipratropium bromide aerosols and, more recent-
ly, theophylline capsules, presented to the intensive
care unit with chest wheezing, a choking sensation,
and cough. On admission, her temperature was 36.8
°C, blood pressure 110/80 mmHg, peripheral oxygen
saturation (SpO,) 91% on room air, and pulse 85/min.
Lung auscultation revealed prolonged expiration with
diffuse wheezes. She denied chest pain. Family history
was notable for maternal allergic asthma. She denied
drug allergies. She reported frequent asthma attacks;
the current attack began during the night, and she
sought care in the intensive care unit at 09:30.

Treatment was initiated with intravenous infusion
solutions, a systemic corticosteroid, an antihistamine,
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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 difficulty,
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, III, aVF,
V2, V3, V4, V5, and V6, with ST-segment elevation
in aVR (Figure 1).

The post-resuscitation ECG, in sinus rhythm at a
rate of 120/min, shows marked ST-segment depression
in leads II, III, aVF, and V2—-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 I 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 inflammatory compo-
nent in the overall clinical picture. In anaphylactic
reactions, generalized vasomotor disturbances and
complex pathophysiological mechanisms can affect
coagulation; accordingly, the findings 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 findings were as fol-
lows: leukocytes 14.00 x 10°L, D-dimer 0.87 mg/L
FEU, troponin I 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 defined, 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 reflects 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 profile, onset plausibly relates
to exposure to drugs or other agents known to precipi-
tate anaphylaxis and mast-cell degranulation (11). We
document a type I 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-specific 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 II and III, 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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NEOBICNA PREZENTACIJA KOUNISOVOG SINDROMA TIPA I:
VISOK TROPONIN BEZ BOLA U GRUDIMA NAKON ANAFILAKSE
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Uvod: Kounisov sindrom se definise kao istovre-
menost akutnog koronarnog sindroma i alergijskih ili
anafilaktickih reakcija. Prvenstveno pogada muskarce
u dobi od 40 do 70 godina i Cesto je povezan s bolovi-
ma u grudima. Ovaj sindrom Cesto ostaje neprepoznat
i nedijagnostikovan u klini¢koj praksi zbog niskog ni-
voa informisanosti.

Prikaz sluc¢aja: Ovde predstavljamo slucaj Kou-
nisovog sindroma tipa I kod mlade Zene bez bolova u
grudima. Radi se o mladoj zeni sa dijagnozom alergij-
ske astme od detinjstva, kod koje se tokom aplikacije
bronhodilatatora, kortikosteroida i antibiotika u am-
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Abstract: Antimicrobial stewardship programs
(ASPs) help ensure antibiotics are used effectively
to treat infections, reduce side effects, and slow the
spread of antibiotic resistance. Improving collabora-
tion among healthcare professionals is the most impor-
tant way to strengthen ASPs in hospitals.

So far, most ASPs have focused on medical spe-
cialities and applied the same approach to all hospital
settings. In surgery, it is essential to understand the
local cultural and contextual factors that shape pre-
scribing habits so targeted strategies can be developed.
Antibiotic stewardship in surgery must be integrated
with strict infection prevention and source control, as
all three work together to improve patient care.

Effective ASPs usually combine persuasive strat-
egies, which educate and influence prescribers, with
restrictive ones, which limit certain practices. While
clinical guidelines turn evidence into practice and im-
prove the quality of care, they do not always fit local
realities. Adapting them into locally relevant tools,
such as protocols, bundles, checklists, and posters,
can boost acceptance and adherence. Actively involv-
ing prescribers in developing these tools increases the
likelihood of meaningful change. Clearly defining re-
sponsibilities for specific actions within these proto-
cols helps ensure they are followed.

Keywords: antimicrobial stewardship, antibiotic
resistance, antibiotic prescribing, infection prevention,
source control, multimodal approach.

INTRODUCTION

Antibiotics have played a crucial role in saving
countless lives and making surgical procedures much
safer. Safe surgical care relies heavily on access to ef-
fective antibiotics to prevent and treat infections. Yet,
despite their vital role, antibiotics are frequently used
inappropriately, creating challenges in surgical prac-

Prihvacen/Accepted: 04. 10. 2025.
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tice. Improving antibiotic prescribing in surgery is
essential to enhance patient outcomes, reduce the risk
of side effects, and curb the spread of antimicrobial
resistance (AMR).

The multimodal approach to infections

Strategies to optimise antibiotic use in surgery
involve a multimodal approach, primarily based on
infection prevention and control measures, which are
essential to reduce the use of broad-spectrum antibiot-
ics in hospitals. Infection prevention and control (IPC)
programmes are an integral part of modern healthcare
systems, using evidence-based approaches to prevent
healthcare-associated infections (HAIs). Patients with
HALISs often require additional diagnostic and therapeu-
tic interventions, have prolonged hospital stays, incur
extra costs, and face higher morbidity and mortality
risks. In particular, managing patients with HAIs often
requires broad-spectrum antibiotic regimens due to the
high risk of multidrug-resistant bacteria (1).

Surgical patients are especially susceptible to
hospital-acquired infections and more vulnerable to
their consequences. Surgical site infections (SSIs) are
the leading type of hospital-acquired infection in sur-
gical patients. Recently, many sets of guidelines based
on evidence have been developed for preventing SSIs
throughout all stages of surgery—before, during, and
after the procedure (2-8). Despite this, compliance
with these recommended best practices remains low
(9). Furthermore, other healthcare-associated infec-
tions—such as catheter-associated urinary tract infec-
tions, central-line—associated bloodstream infections,
hospital-acquired pneumonia, ventilator-associated
pneumonia, and Clostridioides difficile infections—
represent major safety concerns in postoperative care.

Since many hospital-acquired infections are part-
ly preventable, implementing prevention strategies is
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essential for patient safety in hospitals (10). Never-
theless, healthcare workers often fail to adhere to evi-
dence-based preventive measures (11). A prime exam-
ple is hand hygiene, considered both a patient safety
indicator and the cornerstone of IPC in all healthcare
settings. Although universally recognised as effective
and cost-efficient, hand hygiene compliance remains
unacceptably low.

In surgery, antibiotics play a major role, pre-
scribed either as surgical prophylaxis or therapy. Sur-
gical antibiotic prophylaxis (SAP) significantly con-
tributes to overall antibiotic use in hospitals, account-
ing for around 15% of all prescriptions (12). SAP is
recommended for clean-contaminated procedures with
an increased SSI risk or clean procedures where even
unlikely SSIs could have severe consequences—such
as those involving prosthetic implants. However, anti-
biotics alone cannot prevent SSIs, and all prevention
measures must be implemented alongside them (13).

In general, SAP should be administered 30-60
minutes before incision for the most commonly used
antibiotics (including cefazolin). Intraoperative re-dos-
ing is indicated for surgeries exceeding twice the an-
tibiotic’s half-life or involving significant blood loss.
In principle, SAP should always be discontinued after
surgery. Unfortunately, inappropriate SAP prescribing
remains consistently high in surgical settings (14).

Antibiotic therapy is a cornerstone of daily sur-
gical practice, with surgeons often on the frontline of
managing patients with complicated infections. Be-
cause microbiology results take time, antibiotic ther-
apy is initially empirical, prescribed based on symp-
toms and likely pathogens. Targeted therapy begins
once microbial identification and susceptibility results
are available, ensuring effective antibiotic use. Opti-
mal targeted therapy requires early pathogen identifi-
cation, but even with advances in rapid diagnostics,
microbiology results can take up to 72 hours.

Surgeons should acknowledge that proper antibi-
otic prescribing is a core part of surgical practice and
recognise that antibiotic stewardship is closely linked
to surgical work, playing a key role in both patient care
and treatment effectiveness (15).

A recent call to action highlighted the importance
of optimal antibiotic use in hospitals, proposing ten
“golden rules” to guide clinicians—empbhasising the
need to prescribe the right antibiotic for the right pa-
tient, at the right dose, via the right route, for the right
duration—and stressing a collaborative approach to
uphold these principles (2).

In surgical infections, source control is both fea-
sible and highly impactful for improving patient out-
comes. Appropriate source control can enhance re-
covery and reduce antibiotic use, allowing for shorter

treatment courses. Source control encompasses meas-
ures to eliminate the infection source and stop ongoing
contamination, requiring a thorough understanding of
pathophysiology, host response, surgical and nonsur-
gical options, and a balanced mix of therapeutic ag-
gressiveness and cautious decision-making.

The reduction of antibiotic treatment duration
for patients with complicated intra-abdominal infec-
tions is now well established, especially when optimal
source control is achieved. In such cases, short antibi-
otic courses following adequate source control are a
reasonable option (16).

Antimicrobial stewardship
programs (ASP) in surgery

Antimicrobial stewardship programs (ASPs) are
now considered a key initiative to optimise antibiotic use,
improve patient outcomes, and curb AMR emergence.
ASPs can optimise antibiotic therapy and reduce anti-
biotic-associated adverse events (17). Evidence shows
they can significantly reduce multidrug-resistant bacte-
rial infections and C. difficile colonisation in hospitals.
Hospitals worldwide should leverage existing resources
to organise effective interdisciplinary teams (18, 19).

Fifteen years after the first joint guidelines for
institutional ASP development (20), practices remain
poorly defined and vary according to local models and
available resources. Traditionally, hospital ASPs have
focused mainly on medical specialities, often applying a
one-size-fits-all approach across settings. However, an-
tibiotic decision-making for surgical patients should be
developed separately and requires a necessarily collab-
orative approach involving a multidisciplinary network.

Key ASP strategies should combine persuasive
and restrictive approaches. Persuasive strategies aim
to improve prescriber knowledge, shift attitudes, and
influence prescribing behaviour through persuasion—
generally better accepted and more educational than
restrictive strategies, which, while potentially more ef-
fective short term, do not actively engage surgeons in
changing behaviour.

Preauthorisation means that prescribers must obtain
permission before they can prescribe specific antibiotics.
This can reduce unnecessary or inappropriate antibiotic
use, particularly for preserving newer-generation drugs
for multidrug-resistant infections. In some contexts,
preauthorisation also applies to drugs such as fluoro-
quinolones, now recommended only in specific cases due
to side effects and resistance potential. Evidence supports
restrictive interventions when urgent, but shows persua-
sive and restrictive strategies to be equally effective long
term. However, preauthorisation can be time-consuming,
and some hospitals lack staff to manage it.
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Restrictive measures overlook the appropriate-
ness of unrestricted antibiotics, which make up the
majority of hospital prescriptions, potentially lead-
ing to increased use of these drugs—a phenomenon
known as the “squeezing the balloon” effect. Addition-
ally, restricting antibiotics may impact surgeon auton-
omy, creating barriers to collaboration and reducing
essential communication for effective stewardship.

Improving hospital ASPs should always involve
interprofessional collaboration. ASPs should include
infectious disease specialists and clinical pharmacists
trained in infectious diseases, closely allied with clin-
ical microbiologists. Infection prevention specialists
and hospital epidemiologists should coordinate infec-
tion monitoring and prevention, with strong support
from hospital administrators. Importantly, surgeons’
involvement in ASPs is essential.

Studies have shown low surgeon awareness re-
garding antibiotic prescribing, with antibiotics often
considered a low-priority task (21). Surgeons tend to
prioritise surgical outcomes, with fear of poor results
outweighing concerns over inappropriate prescribing.
This can lead to extended prophylaxis, delayed dis-
continuation post-surgery, or prolonged therapy after
source control. Limited ward time due to operating
theatre demands often shifts responsibility to junior
staff without decision-making authority. Thus, expect-
ing surgeons to fully integrate stewardship into daily
practice can be challenging (22).

To improve prescribing initiatives, structural and
cultural determinants of antibiotic use in surgery must
be addressed. Factors such as fear of clinical failure,
time pressure, and organisational constraints compli-
cate decision-making. Due to cognitive dissonance—
knowing an action is needed but failing to take it—
changing prescribing behaviour is difficult.

Raising surgeon awareness about appropriate an-
tibiotic use is therefore essential. Individually, each
physician should have the knowledge, skills, and
abilities to implement effective prescribing practices.
Antibiotic prescribing education should be part of all
medical training, including surgical curricula. While
increasing knowledge can influence perceptions and
motivate change, knowledge alone is rarely enough for
lasting improvement, as habits and established practic-
es are hard to alter.

Training alone has a limited impact without ac-
companying interventions. Successful strategies have
included adapting guidelines into local protocols, de-
fining specific responsibilities, and actively involving
surgeons. Such engagement can lead to meaningful cul-
tural change towards shared protocol adherence. Con-
versely, restrictive, punitive mandates should be avoid-
ed, as they tend to foster only superficial compliance.

Hospitals with strong safety cultures can promote
education, communication, and collaboration. In this
environment, surgeons are more likely to engage with
infectious disease specialists, hospital pharmacists,
and microbiologists.

A prospective audit and feedback strategy is a
common stewardship intervention, aiming to maintain
prescriber autonomy while improving antibiotic use
(23). This strategy is particularly suitable for surgery,
is better accepted than restrictive approaches, and pro-
vides educational opportunities through feedback. In
surgery, it has been associated with shorter hospital
stays and treatment durations (24, 25).

Identifying a local opinion leader or “champion”
is also important, as such individuals can integrate best
practices, motivate peers, and collaborate with IPC and
ASP teams. This “champion” model has already proven
effective in surgical safety initiatives such as checklists.

Future directions

To further strengthen antimicrobial stewardship
in surgery, innovative strategies should be explored.
Digital prescribing tools, such as electronic prescrib-
ing systems with built-in clinical decision support,
can help guide antibiotic choice, timing, and dura-
tion, while also flagging inappropriate practices in re-
al time. Similarly, rapid diagnostic technologies offer
opportunities for earlier pathogen identification and
antimicrobial susceptibility testing, reducing unneces-
sary empirical therapy and allowing faster transitions
to targeted treatment.

Another promising area involves the application
of structured behavioural science methods to address
cultural and psychological drivers of antibiotic pre-
scribing. Approaches such as nudges, feedback loops,
and behavioral incentives can complement traditional
educational and guideline-based interventions, making
stewardship efforts more sustainable.

At the same time, stewardship strategies must be
realistic and adaptable to low-resource settings, where
access to diagnostics, trained personnel, and digital
infrastructure may be limited. In such environments,
simplified protocols, context-specific guidelines, and
innovative capacity-building models are essential.
Implementation science approaches should be used to
anticipate barriers and design scalable solutions that
maintain effectiveness while fitting local realities (26).

CONCLUSION

ASPs can optimize antibiotic treatment and re-
duce adverse events. To date, hospital ASPs have
largely focused on medical specialities with uniform
approaches, but understanding the contextual and cul-
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tural factors behind surgical prescribing is essential
for targeted interventions. Antimicrobial stewardship
cannot be separated from infection prevention/control
and appropriate source control, as all three are inter-
connected throughout the surgical pathway.

The best way to improve stewardship in gener-
al and emergency surgical units worldwide is to fos-
ter cross-speciality collaboration. Identifying a local
“champion” can help integrate best practices and drive
behavioural change. Surgeons with expertise in sur-
gical infections, when involved in ASPs, can review
prescriptions, provide feedback, promote best practic-
es, and serve as liaisons between IPC and stewardship
teams.

Key ASP strategies should combine persuasive
and selective restrictive measures. While guidelines
can translate evidence-based practices into clinical re-
ality, they must be adapted locally to improve accept-
ance and adherence. Local protocols, bundles, check-
lists, and posters can help, especially when prescribers
are directly involved in their development.

A prospective audit and feedback strategy, by pre-
serving prescriber autonomy while enhancing prescrib-
ing quality, is easily applicable to surgery. Ultimately,
collaboration is essential for maximising patient out-
comes and improving healthcare delivery. Multidisci-
plinary teams bring together specialised skills to deliver
coordinated care through agreed-upon plans.

Sazetak
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NADZOR I KONTROLA KORISCENJA ANTIMIKROBNIH LEKOVA U HIRURGHJI

Sartelli Massimo,' > Detanac Dzemail?

! Odeljenje hirurgije Macerata bolnice, Macerata, Italija
2 Globalna alijansa za infekcije u hirurgiji
3 Opsta bolnica Novi Pazar, Odeljenje opste hirurgije, Novi Pazar, Srbija

Programi za racionalnu upotrebu antibiotika (eng.
Antimicrobial Stewardship Programs — ASP) pomazu
u osiguravanju efikasne primene antibiotika za lecenje
infekcija, smanjenju nezeljenih efekata i usporavanju
Sirenja rezistencije na antibiotike. PoboljSanje sarad-
nje medu zdravstvenim profesionalcima predstavlja
klju¢ni nacin za jacanje ovih programa u bolnicama.

Do sada se veéina ovih programa fokusirala na
medicinske specijalnosti i primenjivala isti pristup u
svim bolni¢kim sredinama. U hirurgiji je od sustin-
skog znacaja razumevanje lokalnih kulturnih i kontek-
stualnih faktora koji oblikuju navike propisivanja anti-
biotika, kako bi se razvile ciljne strategije. Racionalna
upotreba antibiotika u hirurgiji treba da bude integrisa-
na sa strogom prevencijom infekcija i kontrolom izvo-
ra infekcije, jer sve tri komponente deluju zajedno na
poboljsanje nege pacijenata.

Efikasni ASP obi¢no kombinuju uverljive strate-
gije, koje edukuju i uticu na lekare koji propisuju le-
kove, sa restriktivnim strategijama, koje ograni¢avaju
odredene prakse. lako klinicke smernice prevode do-
kaze u praksu i poboljsavaju kvalitet nege, one se ne
uklapaju uvek u lokalne realnosti. Njihova adaptacijau
lokalno relevantne alate, poput protokola, ,,bundlova®,
kontrolnih lista i postera, moze povecati prihvatanje i
pridrzavanje. Aktivno ukljucivanje propisivaca lekova
u razvoj ovih alata poveéava verovatno¢u znacajnih
promena u praksi. Jasno definisanje odgovornosti za
specificne aktivnosti unutar protokola pomaze da se
osigura njihovo sprovodenje.

Kljuéne reci: racionalna upotreba antibiotika,
rezistencija na antibiotike, propisivanje antibiotika,
prevencija infekcija, kontrola izvora infekcije, multi-
modalni pristup.
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Abstract: The transition of a patient from primary
or internal medicine care to the operating room repre-
sents a critical juncture in perioperative management.
Surgical patients requiring anesthesia must undergo
thorough, multidisciplinary preparation involving
family physicians, internists, hospitalists, anesthesi-
ologists, surgeons, and physiotherapists. This multidi-
mensional approach helps ensure a safe and seamless
transition to anesthesia and surgery, thereby optimiz-
ing procedural outcomes. Key challenges during this
phase include accurate assessment of physical status,
risk stratification, optimization of comorbidities, and
management of chronic medications. Adequate preop-
erative preparation minimizes the risk of surgical de-
lays and enhances patient safety. This paper aims to
highlight critical issues that can be addressed collab-
oratively by general physicians and anesthesiologists,
fostering improved communication, shared knowl-
edge, and clinical expertise.

Key words: perioperative medicine, anesthesia,
surgery, chronic medications, comorbidities, perioper-
ative risk stratification.

INTRODUCTION

The transition of patients from primary care or
internal medicine services to the operating room rep-
resents a pivotal and complex stage in perioperative
management. This phase is not merely a logistical
handover; it is a critical period during which careful
assessment, optimization, and planning directly in-
fluence patient safety and surgical outcomes. Patients
scheduled for surgery and requiring anesthesia must
undergo comprehensive, multidisciplinary preparation.
This involves collaboration among family physicians,
internists, hospitalists, anesthesiologists, surgeons, and

Prihvac¢en/Accepted: 20. 12. 2025.

physiotherapists, each contributing unique expertise
to ensure that the patient is optimally prepared for the
operative procedure. Such a coordinated, team-based
approach facilitates a smooth and safe transition to an-
esthesia and surgery, ultimately reducing perioperative
risks and improving clinical outcomes.

Several key challenges arise during this transition.
Accurate assessment of the patient’s physical status is
essential to identify potential perioperative risks. Risk
stratification allows clinicians to anticipate complica-
tions and tailor interventions accordingly. Optimization
of comorbidities, including cardiovascular, respiratory,
metabolic, and renal conditions, is critical, as poorly
controlled diseases can increase the likelihood of intra-
operative and postoperative complications. Additional-
ly, careful management of chronic medications, includ-
ing anticoagulants, antiplatelets, antihypertensives,
and other long-term therapies, is necessary to prevent
adverse interactions and minimize surgical delays (1).

In real-world practice, several pitfalls common-
ly occur during preoperative preparation. For exam-
ple, undiagnosed or poorly controlled hypertension
can increase the risk of intraoperative hemodynamic
instability, while unrecognized anemia may lead to un-
necessary transfusions or delayed surgery. Inadequate
patient counseling about perioperative fasting, medi-
cation adjustments, or postoperative expectations of-
ten results in confusion, anxiety, and last-minute can-
cellations. Furthermore, communication gaps between
primary physicians and anesthesiologists can result in
incomplete medical histories or missed risk factors (2).

Practical interventions to address these issues
include structured preoperative assessment clinics,
standardized checklists, and multidisciplinary team
meetings. Family physicians and internists play a cru-
cial role in optimizing chronic conditions before sur-
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gery, while anesthesiologists focus on risk stratifica-
tion and perioperative planning (3). Clear protocols for
medication management, including bridging strategies
for anticoagulation and antihypertensive adjustments,
can prevent complications. Patient education initia-
tives, including preoperative counseling and written
instructions, improve compliance and reduce anxiety.
Adequate preoperative preparation not only enhances
patient safety and minimizes perioperative complica-
tions but also improves operational efficiency by re-
ducing the likelihood of last-minute cancellations or
postponements due to incomplete or inadequate eval-
uation. Furthermore, this phase represents an oppor-
tunity for knowledge sharing and skills development
between general physicians and anesthesiologists,
strengthening interdisciplinary collaboration. This re-
view aims to highlight essential aspects of preoperative
care that can be effectively addressed through joint ef-
forts of general physicians and anesthesiologists. By
fostering greater collaboration, communication, and
expertise, healthcare teams can optimize perioperative
management, ensuring safer surgical journeys and bet-
ter overall patient outcomes.

Perioperative optimization and
postoperative mortality and morbidity

Preoperative  optimization demonstrates the
strongest mortality benefit in high-risk surgical pa-
tients, particularly through hemodynamic optimiza-
tion and correction of anemia or malnutrition. Preha-
bilitation improves recovery and complication rates,
although most trials are underpowered for mortality
endpoints. Smoking cessation and restrictive trans-
fusion thresholds are also associated with improved
overall outcomes. A multidisciplinary, patient-tailored
approach remains essential for achieving maximal
benefit.

Preoperative optimization aims to identify and
modify risk factors before surgery in order to reduce
postoperative complications and mortality. Among the
most studied interventions, goal-directed hemodynam-
ic therapy (GDHT) has shown the most consistent mor-
tality benefit. In pooled analyses of randomized con-
trolled trials, GDHT significantly reduced short-term
mortality (risk ratio 0.75; 95% CI 0.61-0.91), particu-
larly in high-risk abdominal surgical populations (4).

In contrast, prehabilitation programs—including
exercise training, inspiratory muscle exercises, nutri-
tional support, and smoking cessation—demonstrate
clear improvements in postoperative recovery but
have not consistently reduced 30-day mortality. Al-
though large systematic reviews confirm reductions
in complications and hospital length of stay (LOS) by

approximately one to two days, most trials remain un-
derpowered for mortality outcomes (5).

Nutritional optimization, particularly through pre-
operative oral nutritional supplementation, has been
associated with lower all-cause postoperative mortal-
ity in malnourished or frail patients, such as those un-
dergoing gastrointestinal cancer or hip fracture surgery
(6, 7). These interventions also reduce infections and
improve nutritional biomarkers, supporting their role
in high-risk populations.

Anemia remains an independent risk factor for
postoperative death. Meta-analyses report approx-
imately a 2.8-fold increase in the odds of mortality
in anemic patients undergoing major or orthopedic
surgery. Consensus guidelines therefore recommend
identification and correction of anemia—using iron
supplementation or erythropoietin when indicated—to
reduce perioperative transfusion requirements and im-
prove outcomes (8, 9).

Smoking cessation has an indirect yet clinically
meaningful impact on postoperative survival through
a reduction in severe complications. Studies demon-
strate significant decreases in pulmonary and wound
complications when cessation occurs at least two to
four weeks preoperatively, particularly when com-
bined with behavioral and pharmacologic support (10).

Finally, restrictive transfusion strategies during
the perioperative period have been shown to be safe
and non-inferior to liberal transfusion approaches with
regard to short-term mortality. Restrictive thresholds
reduce transfusion exposure without increasing death
rates, although findings vary in specific subgroups,
such as cardiac surgery and massive hemorrhage (11).

Overall, current evidence indicates that preoper-
ative optimization enhances surgical safety, with the
most pronounced mortality benefits observed in tar-
geted, high-risk interventions—particularly hemody-
namic optimization, correction of anemia, and nutri-
tional support. Broader prehabilitation and behavioral
interventions further improve recovery, reduce peri-
operative complications, and enhance physiological
resilience, even when direct mortality reductions are
not statistically significant. Moreover, collaboration
between general or family physicians and perioper-
ative specialists plays a pivotal role in preparing pa-
tients for elective surgery. This partnership facilitates
early interventions such as smoking cessation, nutri-
tional optimization, treatment of preoperative anemia,
and structured rehabilitation, thereby ensuring a more
comprehensive and effective preoperative preparation
process. Table 1 summarizes quantitative evidence
from systematic reviews and meta-analyses regarding
the relationship between various preoperative optimi-
zation strategies and postoperative mortality.
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Table 1. Preoperative optimization and postoperative mortality: evidence summary
Intervention Effect Other Relevant Key Findings / Reference
(Target) on Mortality Effects Pooled Estimate (Vancouver)
Goal-directed Reduced short-term | Reduced compli- Modern GDT Sun et al. (4)
hemodynamic mortality (RR 0.75, | cations and LOS; protocols show
therapy (GDHT) | 95% CI10.61-0.91) | benefit strongest mortality benefit.
in major/high-risk
abdominal surgery.
Prehabilitation No consistent Reduced compli- Large systematic LiNetal. (5)

(exercise, nutri-
tion, smoking

reduction in 30-day
mortality; trials un-

cations, shorter
LOS (~1-2 days),

reviews/meta-anal-
yses confirm

anemia correction

with increased
mortality

(OR ~2.78);
treatment
recommended.

need more trans-
fusions; correction
improves outcomes.

ports iron + eryth-
ropoietin when
indicated.

cessation) derpowered for this | improved recovery. | benefits for compli-

outcome. cations and LOS.
Preoperative Reduced all-cause Reduced infections | Effect clearer in Knight et al.,
oral nutritional postoperative and complication malnourished or (6); Lai et al.,
supplementation mortality in mal- rates; improved elderly surgical N.

nourished or frail nutritional markers. | cohorts.

subgroups.
Preoperative Anemia associated Anemic patients Consensus sup- Fowler et al. (8);

Buhl et al. (9)

Preoperative
smoking cessation

No consistent mor-
tality data; reduces
severe postoperative
complications.

Decreases pulmo-
nary and wound
complications when
>4 weeks preop.

Combining behav-
ioral and pharma-
cotherapy yields
best results.

Mills et al. (10)

Restrictive vs
liberal transfusion
thresholds

No increase in
short-term mortal-
ity; non-inferior to
liberal strategy.

Reduces transfusion
exposure; mixed
findings in cardiac/
massive hemor-
rhage.

Restrictive strategy
safe across most
surgical contexts.

Lenet et al. (11)

Consequences of postponing surgery

Inadequate preoperative preparation significantly
contributes to adverse surgical outcomes. Poor opti-
mization of comorbidities—such as anemia, malnutri-
tion, diabetes, or cardiopulmonary disease—elevates
the risk of intraoperative instability, postoperative
complications, and mortality. Patients entering sur-
gery in suboptimal condition are more susceptible to
stress-induced decompensation, impaired wound heal-
ing, and infections. Additionally, uncontrolled meta-
bolic status, inadequate nutrition, or untreated anemia
can compromise oxygen delivery, tissue perfusion,
and immune function (12).

Neglecting modifiable risk factors—including
smoking, alcohol use, obesity, poor nutrition, or inap-
propriate medication management—further increases
morbidity. These issues often arise from time con-

straints, fragmented communication, or insufficient
pre-assessment pathways, leading to delayed recovery,
prolonged hospitalization, higher readmission rates,
and long-term morbidity. Beyond patient safety, these
deficiencies undermine efficiency and quality within
the surgical system (13).

Unplanned surgical delays pose additional risks.
Postponements due to incomplete optimization or late
detection of medical issues can worsen the underlying
disease, deteriorate physiological status, and height-
en patient anxiety. Even short delays may negatively
impact prognosis in oncological, infectious, or cardio-
vascular conditions. Repeated cancellations also im-
pose logistical burdens, wasting operating room time,
increasing administrative workload, and disrupting
hospital workflow—reflecting gaps in coordination,
resource allocation, and interdisciplinary communica-
tion (14).
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Structured preoperative assessment and timely
optimization are therefore essential. Multidisciplinary
preoperative clinics—including anesthesiologists, sur-
geons, internists, and family physicians—allow early
identification and management of modifiable risk fac-
tors. Standardized protocols, early screening for ane-
mia and malnutrition, and lifestyle interventions such
as smoking cessation and physical conditioning im-
prove postoperative outcomes, reduce cancellations,
and enhance system efficiency (15).

Family physicians play a pivotal role in preopera-
tive preparation, coordinating with surgeons, anesthe-
siologists, and perioperative teams to ensure patients
achieve optimal medical and physical status before
surgery. Multidisciplinary programs combining medi-
cal optimization, lifestyle guidance, and rehabilitation
strengthen patient resilience and facilitate a safer and
more efficient surgical pathway.

The internist’s role in preoperative
assessment and optimization

Preoperative evaluation by the internist is a criti-
cal determinant of perioperative outcomes in patients
undergoing surgical procedures. Rather than serving
as a simple clearance process, preoperative assessment
aims to identify and optimize medical comorbidities,
stratify perioperative risk, and facilitate coordinated,
multidisciplinary perioperative care. Effective intern-
ist involvement has been associated with reduced peri-
operative morbidity and mortality, particularly in med-
ically complex patients.

General principles
of preoperative assessment

A comprehensive clinical assessment forms the
foundation of preoperative evaluation. This includes
a detailed medical history, assessment of functional
capacity—commonly expressed in metabolic equiv-
alents (METs)—a thorough review of current medi-
cations, and a focused physical examination. Current
guidelines discourage routine preoperative testing in
asymptomatic patients, emphasizing that laboratory
and diagnostic investigations should be selectively or-
dered based on clinical findings, patient comorbidities,
and the complexity and risk profile of the planned sur-
gical procedure (16).

Cardiovascular risk stratification

Cardiovascular complications remain a leading
cause of adverse perioperative events in non-cardiac sur-
gery. Preoperative cardiac evaluation should integrate
patient-specific clinical risk factors, validated risk pre-
diction tools such as the Revised Cardiac Risk Index, the

inherent risk of the surgical procedure, and the patient’s
functional capacity. Non-invasive cardiac testing should
be reserved for selected patients in whom test results are
likely to influence perioperative management or surgical
decision-making. Optimization of heart failure, ischemic
heart disease, hypertension, and cardiac arrhythmias is
essential prior to elective surgery (17, 18).

Pulmonary risk assessment

Identification of patients at increased risk for post-
operative pulmonary complications is a key component
of preoperative preparation. Attention should be given
to individuals with chronic obstructive pulmonary dis-
ease, asthma, obstructive sleep apnea, or a history of
smoking. Evidence-based preventive strategies include
preoperative smoking cessation, optimization of inhaled
therapies, treatment of active respiratory infections, and
implementation of lung expansion techniques to reduce
postoperative pulmonary morbidity (19, 20).

Metabolic and endocrine considerations

Metabolic disorders, particularly diabetes mel-
litus, require structured perioperative planning. Poor
preoperative glycemic control is associated with in-
creased risks of surgical site infection, delayed wound
healing, and adverse outcomes. The internist plays a
central role in optimizing glycemic control and es-
tablishing individualized perioperative management
plans for insulin and oral hypoglycemic agents, with
the goal of avoiding both hypoglycemia and signifi-
cant hyperglycemia (21).

Perioperative medication management

Medication management represents one of the
most complex aspects of preoperative care. Decisions
regarding the continuation or temporary discontinua-
tion of anticoagulants, antiplatelet agents, antihyper-
tensives, and chronic corticosteroid therapy must care-
fully balance bleeding risk, thromboembolic risk, and
adrenal insufficiency. These decisions should be indi-
vidualized and require close communication between
the internist, anesthesiologist, and surgical team to en-
sure patient safety and continuity of care (22).

Frailty, nutrition, and anemia

There is growing recognition of frailty, malnutrition,
and anemia as independent predictors of poor surgical
outcomes. Preoperative identification of frailty allows for
risk stratification and informed shared decision-making.
Correction of anemia and nutritional optimization, par-
ticularly in elderly patients and those undergoing onco-
logic surgery, have been shown to improve postoperative
recovery and reduce complication rates (23, 24).
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Table 2. Key components of preoperative assessment and optimization by the internist

focused physical exam-
ination

Domain Key Elements Internist’s Role Impact on Outcomes
Clinical evaluation Medical history, func- Identify comorbidities, Avoids unnecessary
tional capacity (METs), | assess physiological investigations; improves

reserve, guide need for
further testing

risk stratification (16)

Cardiovascular risk

RCRI, surgical risk,
functional status

Optimize heart failure,
ischemic heart disease,
hypertension, arrhyth-
mias; select patients for
further testing

Reduces perioperative
cardiac events (17, 18)

Pulmonary assessment

COPD, asthma, OSA,
smoking status

Implement smoking ces-
sation, optimize inhaled
therapy, treat infections,
plan lung expansion
strategies

Lowers postoperative
pulmonary complica-
tions (19, 20)

sives, steroids

Metabolic/endocrine Diabetes mellitus, Optimize glycemic con- | Decreases infection risk
status electrolyte disorders trol; plan perioperative and metabolic complica-
insulin and oral agent tions (21)
management
Medication Anticoagulants, anti- Balance bleeding vs Prevents hemorrhagic,
management platelets, antihyperten- thrombotic risk; manage | thromboembolic, and

steroid stress dosing

adrenal complications
(22)

Frailty and nutrition

Frailty scores, nutritional
status

Identify vulnerable
patients; initiate nutri-
tional and functional
optimization

Improves recovery and
reduces postoperative
morbidity (23, 24)

Anemia management

Hemoglobin levels, iron
deficiency

Diagnose and treat
anemia preoperatively

Reduces transfusion
needs and adverse
outcomes (23, 24)

Multidisciplinary
coordination

Communication with
surgery and anesthesia

Document risks, opti-
mization strategies, and
postoperative plans

Enhances continuity of
care and patient safety

Multidisciplinary coordination
and continuity of care

Effective perioperative management relies on
structured multidisciplinary collaboration. Clear doc-
umentation of preoperative risk assessment, optimiza-
tion strategies, and postoperative medical management
plans ensures seamless transitions of care and reduces
the likelihood of perioperative complications related
to communication failures.

Table 2 summarizes key concepts related to pre-
operative patient preparation.

CONCLUSION

Multidisciplinary preoperative preparation is
essential to ensure safe and effective surgical care,

particularly for patients with complex comorbidities.
Optimization of risk factors—including anemia, mal-
nutrition, cardiopulmonary disease, and lifestyle-re-
lated factors—reduces perioperative complications,
improves recovery, and, in high-risk populations, de-
creases mortality. Inadequate preparation or delayed
optimization increases surgical risk, prolongs hospi-
talization, and disrupts healthcare efficiency. Active
collaboration between family physicians, anesthesiol-
ogists, and surgical teams enhances risk stratification,
patient readiness, and continuity of care. Structured,
standardized, and patient-centered preoperative path-
ways are therefore critical to improving surgical out-
comes and overall perioperative safety.

Financial Support: This research received no
external funding or sponsorship.



292

Selakovic Vladimir, Ranisavljevic Milan, Lukic Dejan, Djuric Mladen

Conflict of Interest Statement: The authors declare
that there is no conflict of interest related to this paper.

Author Contribution & Responsibilities: The
authors take full responsibility for the accuracy and
integrity of the content, as well as the validity of in-
stitutional affiliations. The publisher remains neutral
regarding jurisdictional claims in institutional affili-

Sazetak

ations. All authors have read and agreed to the pub-
lished version of the manuscript.

Note: Artificial intelligence is used to increase
readability.

Licensing: This work is licensed under a Creative
Commons Attribution 4.0 International (CC BY 4.0)
License.

POVEZIVANJE PRIMARNE ZDRAVSTVENE ZASTITE
I HIRURGIJE: ULOGA OPSTIH LEKARA I ANESTEZIOLOGA
U PERIOPERATIVNOJ OPTIMIZACLJI

Domi Rudin, Kaci Myzafer

Medicinski fakultet Univerziteta u Tirani, Katedra za hirurgiju, Tirana, Albanija

Prelazak pacijenta iz primarne zdravstvene zasti-
te ili iz internistickog sektora u operacionu salu pred-
stavlja klju¢nu fazu u perioperativnom menadzmentu.
Hirurski pacijenti kojima je potrebna anestezija mo-
raju pro¢i sveobuhvatnu, multidisciplinarnu pripremu
koja ukljucuje porodi¢ne lekare, interniste, hospitali-
ste, anesteziologe, hirurge i fizioterapeute. Ovaj mul-
tidimenzionalni pristup pomaze da prelazak na ane-
steziju i hirurgiju bude siguran i neometan, ¢ime se
optimizuju ishodi procedura. Kljuéni izazovi u ovoj
fazi ukljucuju preciznu procenu fizikalnog statusa
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Abstract: Ernest Amory Codman (1869—-1940)
was an American surgeon, reformer, and visionary
whose work marked the beginnings of systematic
quality measurement in medicine. The first part of this
paper traces his life and career: his education at Har-
vard Medical School, his work at Massachusetts Gen-
eral Hospital, his conflicts with colleagues over his in-
sistence on public reporting of outcomes, his founding
of a private hospital, and the establishment of the Bone
Sarcoma Registry—one of the first disease-specific
registries in history.

The second part of the paper analyzes his philoso-
phy of the “End Result System” through a comparative
table in which its core principles—patient monitoring,
complication tracking, transparency, continuous im-
provement, and accountability—are compared with
their modern equivalents, such as outcome indicators,
national registries, public reporting systems, quality
improvement (QI) methodologies, and health informa-
tion systems.

The paper concludes that Codman’s work rep-
resents both the biographical story of a persistent re-
former and a conceptual foundation for modern quali-
ty measurement systems in healthcare.

Keywords: quality of health care, quality im-
provement, evidence-based practice, hospitals.

Ernest Amory Codman and his idea
of the “End Result System”

The National Academy of Medicine of the Unit-
ed States of America defines the quality of healthcare
as the extent to which healthcare services increase the
likelihood of good outcomes and reduce the likelihood
of harm for patients (1). The World Health Organiza-
tion also frequently cites this definition of quality in its
documents (1).

Prihvacéen/Accepted: 16. 11. 2025.

Online First: 25. 11. 2025.

In modern public health practice, quality implies
not only technical efficiency and professional compe-
tence, but also the structure of the system, the process-
es that are applied, and the outcomes that are achieved.
In this context, Ernest Amory Codman stands out as
one of the first to systematically insist on measuring
treatment outcomes, analyzing errors, and making
them publicly available.

Ernest Amory Codman was born into a Puritan
family on December 30, 1869, in Boston, Massachu-
setts, USA. He entered Harvard College in 1887, grad-
uating with honors four years later. He then enrolled
at Harvard Medical School, where he met and became
friends with Harvey Cushing, the future eminent neu-
rosurgeon (2). Codman graduated in medicine in 1895
and immediately began working in the Department of
Surgery at Massachusetts General Hospital (MGH).

He was the author of the first English-language
textbook on X-ray photography techniques. In Serbian
medical literature, he is best known for the “Codman
sign,” seen in rapidly growing bone tumors and other
aggressive bone lesions (3). On an X-ray, this sign ap-
pears as a triangular shadow between the bone cortex
and the elevated periosteum.

Codman also made a significant contribution to
shoulder surgery. In 1931, he described “chondroblas-
toma,” a rare benign bone tumor later referred to as the
“Codman tumor” (4). He also introduced Codman’s
exercises—a set of movements for passive mobiliza-
tion of the shoulder joint (5). These exercises involve
the patient standing with the torso bent forward, while
the affected arm hangs freely and moves gently back
and forth or in circular motions, like a pendulum,
without activating the shoulder girdle muscles. They
remain integral to many rehabilitation protocols, espe-
cially in the United States.
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At the time of Codman’s work, no organized sys-
tem for monitoring healthcare quality existed. Physi-
cians and hospitals were not required to record treat-
ment outcomes, much less analyze or publicly disclose
them. Codman recognized that such a lack of account-
ability deprived patients of clear information regard-
ing the safety and effectiveness of their treatment,
while depriving healthcare professionals of feedback
necessary for improvement.

He believed that systematic outcome measure-
ment would identify best practices and eliminate “the
lazy and ill-trained surgeons of your community, even
though they hold high places” (6). He openly criti-
cized nepotism and the practice of promotion based on
seniority rather than merit, arguing that such systems
perpetuated poor medical practice and turned it into
dogma.

Through his revolutionary concept of the “End
Result System,” Codman proposed that “[E]very hos-
pital should follow every patient it treats long enough
to determine whether or not the treatment has been
successful,” and then ask, “If not, why not?” (6). In
essence, this meant:

* every patient deserves to know the final result of
their treatment,

* every doctor should be willing to present their
results to the public, and

* hospitals should be evaluated by the success of
their treatments.

In practice, Codman used “End Result Cards,”
measuring 12.5 x 20 cm, on which physicians record-
ed symptoms, initial diagnosis, treatment plan, com-
plications, final diagnosis, and overall outcome—suc-
cess or failure. He followed patients for at least a year
after intervention. Codman publicly presented data on
his deceased patients—141 cases—during his 15 years
at MGH.

Codman was an uncompromising advocate of
quality measurement, critical both of others and of
himself. He called quality his “monomania” (7). In
one report, after a failed operation, he candidly wrote:

“I made an error of skill of the most gross charac-
ter and even failed to recognize that I had made it.” (6)

Although Codman’s ideas are now widely accept-
ed, they were highly controversial in his day. Many
physicians felt that tracking errors undermined the
profession’s reputation and violated patients’ trust.
As a result, Codman was isolated and forced to leave
MGH. Codman resigned from his job at MGH in 1911
to open his own hospital. He and his staff were able
to track the status of every patient by implementing
the “End Result System” in his own hospital, with be-
tween ten and twelve beds, demonstrating a commit-
ment to the principle of accountability. Between 1911

and 1916, Codman recorded data on 337 patients at
his own hospital and 123 “errors” or deficiencies in
treatment (8). Determined to spread the word, Cod-
man printed the results of two years of follow-up at his
hospital— a rate of one complication for every three
patients— and sent them to hospitals across the United
States. In return, he asked for their complication rates.
No one responded.

In his hospital, he further elaborated on the causes
of adverse outcomes, classifying them into categories:
“C” for accidents or causes beyond the operator’s con-
trol; “P” for causes related to the patient and the pa-
tient’s disease or unavoidable consequences of the dis-
ease; and “E” for error or preventable accident (9). He
focused further on E errors, which he believed could
be due to a lack of technical knowledge, skill, or sur-
gical judgment, or diagnostic acumen on the surgeon’s
part. Errors due to equipment deficiencies were listed
as institutional errors. This classification and accounts
of his cases were published by Codman in his revolu-
tionary study A Study in Hospital Efficiency, a book
small in scope but of revolutionary contribution (8).

The real shock came in 1915 at a meeting of the
Suffolk County Surgical Society (6). After a few lec-
tures, Codman, as the section president, stepped onto
the podium and revealed a cartoon he had commis-
sioned. At the centre of the cartoon was an ostrich
with its head buried in sand, surrounded by dozens of
golden eggs it had laid. It represented the local surgi-
cal patients who, without the outcome-monitoring sys-
tem he advocated, had enriched the MGH in blissful
ignorance. It was the height of Codman’s frustration.
The drawing also featured the MGH board of direc-
tors, asking if they would stop laying golden eggs if
they published “the truth about their patients.” Those
present could not believe their eyes. Codman had been
considered a weirdo before, but the establishment
couldn’t get over the sting of such a slap in the face.
Codman was asked to resign as president of the group.
Doctors reduced the number of patients sent to his hos-
pital, resulting in a nearly 40% drop in revenue over
the next year.

Excommunicated by his former colleagues, he
turned to other activities. He led Boston’s medical re-
lief teams in establishing an emergency surgical hos-
pital that treated thousands of injured people after a
catastrophic explosion when two ships collided in Hal-
ifax Harbor, killing and seriously injuring thousands of
residents of the Canadian city. The makeshift hospital
used “End Result Cards” for each patient. With the
United States’ entry into World War I, Codman became
the senior surgeon for the defence of Delaware Harbor,
spending much of his time dealing with influenza epi-
demics in his jurisdiction. The “End Result Hospital”
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had fallen into disrepair in his absence. After the war
ended, he returned to his closed hospital “in debt, un-
able to borrow, and somewhat disillusioned with the
possibility of changing the ways of human nature” (3).
Finally, the hospital had closed by June 1919.

Codman was not reinstated at MGH 14 years after
his departure. He spent the postwar years developing
the first disease registry. In one of his hundred papers,
Codman described a method for tracking patients with
criteria for reporting and the necessary information
(10). He began his bone sarcoma registry in 1920 with
a gift of $1,000 from a patient’s family. Codman later
received a grant from the American College of Sur-
geons (ACS). His first collaborators in analysing the
data were pathologist James Ewing and surgeon Joseph
Bloodgood (11). Codman, however, was not as success-
ful in promoting it among his colleagues (12). Over the
next six years, he collected data on only seventeen cas-
es of sarcoma from other members of the association,
which at that time had 7,000 members. The monograph
resulting from the analysis of cases in the registry is the
first attempt to standardize and disseminate the classifi-
cation and nomenclature of a particular disease and the
first estimate of the incidence of malignant diseases.

Direct results arising from the work on the reg-
istry are: longer follow-up of treated patients and cal-
culation of multi-year survival rates; standardization
of certain services (analysis of pathological material,
radiographic diagnostics, etc.); promotion of national
clinical research on a larger population through joint
work of experts from different parts of the country;
and creation of modern orthopaedics by linking pa-
thology, radiology, and surgery.

Codman devoted the rest of his life to writing his
autobiography, The Shoulder (13). For decades, this
book was the textbook of shoulder orthopaedics in
the United States. He continued to publish his results
publicly each year, to the chagrin of his fellow sur-
geons who “spent their lives in the practice of the art of
medicine rather than in that of the science, and, being
financially successful, are able to influence the trustees
of hospitals against analysis of the results; (and) com-
parison of achievements would be, to them, as odious
as a comparison of incomes” (14).

The Shoulder was a textbook of the highest order,
but for Codman it was a farewell letter for what he
considered his most significant contribution to medi-
cine. He prophetically pointed out that new generations
would see the significance of the “End Result” ap-
proach, which “Harvard would claim as a jewel in her
crown” (7). He suffered the fate of Ignaz Semmelweis
(15). He died in 1940 of melanoma, in extreme poverty.
He was buried in an unmarked grave, begging his wife
to spend her savings on something more useful (16).

Main components and elements
of Codman’s idea with examples
of modern implementation

Codman is one of the founders of the ACS, where
he was the first head of the Department for Standard-
ization (17). The Hospital Accreditation Program was
developed in 1918 by this department, which later led
to the creation of the Joint Commission on Accredi-
tation of Healthcare Organizations (JCAHO). It was
only after Codman’s death that the idea of “quality
care* became popular. Only under public pressure did
JCAHO accept the need to study clinical outcomes
as part of measuring the quality of care in the 1980s
(18).

Implementation was challenging, however. Phy-
sicians and hospitals were reluctant to document
clinical outcomes, citing various problems, including
medico-legal, technical, or a lack of time (19)—ex-
cuses that are still used today. Under increasing pres-
sure, JCAHO compromised by offering an alternative
method that measured “quality” through “structure”
and “process” (9). When it became apparent that poor
clinical outcomes still occurred even when adequate
“structures” (the existence of trained personnel and
modern medical devices) and appropriate “processes”
(clinical protocols, properly maintained medical re-
cords, etc.) were in place, advocates of the quality of
care movement continued to fight.

Resistance from doctors and hospitals was so
strong that the U.S. Congress eventually had to inter-
vene, creating the Agency for Health Care Policy and
Research (AHCPR) in 1989, whose primary mission
was to conduct outcomes research and disseminate
the results. The Agency’s classification of medical er-
rors is very similar to Codman’s original classification
(20). The establishment of this Agency was a triumph
for Codman at the national level.

The Joint Commission established the Ernest A.
Codman Award for using outcome measures to im-
prove the quality and safety of patient care (21). The
ACS website contains an online tool for estimating the
likelihood of an unfavourable outcome (such as com-
plications or death) after surgery, using information
that the patient provides to the health care provider
about their previous health history (22). Today, MGH
has the Edward P. Lawrence Centre for Quality and
Safety, which has been working since 2008 to improve
the culture of quality at MGH and among members of
the Massachusetts General Practitioners Association
(23). With donations from the ACS, JCAHO, MGH,
the Association of Shoulder and Elbow Surgeons, and
an individual donor, a bust with his image in bas-relief
was erected in 2014 (3).
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Donabedian’s quality model (structure—process—
outcome) also builds on Codman’s ideas (7). Most
countries now have patient safety programs that re-
quire hospitals to track and report medical errors.
These programs include the work of special teams
composed of hospital management, administrative,
and medical staff—exactly the type of interdiscipli-
nary collaboration Codman advocated. Codman’s sys-
tematic collection of data on bone sarcoma initiated
the creation of disease-specific registries, allowing
for outcome tracking in specific conditions. Whether
good or bad, reporting on actual health outcomes is
now a common practice in most developed healthcare
systems. Codman’s vision of quality in healthcare
consisted of several key elements later developed in-

to modern equivalents. Some of those equivalents are
summarized in Table 1.

Europe has lagged behind the USA in adopting the
quality philosophy. The same applies to present-day
Serbia, where monitoring the quality of health care
officially began in 2004, when the Ministry of Health
published a document titled I/nstruction on Monitor-
ing the Quality of Work in Healthcare Institutions as
part of the program Monitoring the Quality of Work in
Healthcare Institutions in the Republic of Serbia (24).
In this regard, the Agency for Accreditation of Health-
care Institutions of Serbia and the Accreditation Body
of Serbia were established. Unfortunately, studies on
the effectiveness of accreditation on final outcomes are
scarce, and the results published so far are contradicto-

Table 1. Key elements of Codman's philosophy and their modern equivalents in healthcare quality

Element

What does it mean in practical
terms?

Modern equivalents/correlations

Patient follow-up

Monitor the patient after treatment to
see if there has been a complete recov-
ery and healing without complications
or disability.

Outcome measures: recurrence, func-
tionality, quality of life, mortality; dis-
ease registries; satisfaction with health-
care; clinical follow-up in RCTs and
cohort studies.

and transparency

to know the errors, and to compare sur-
geons and hospitals.

Failure/complication Codman recorded all cases where treat- | Morbidity and complications rate as
records ment did not achieve the desired result | standards in surgical reports; confer-
and tried to determine why. ences on morbidity & mortality; root-

cause analysis; clinical audit.
Objectivity He wanted the results to be available, | Informed patient consent; public re-

porting of outcomes; licensing;(hospi-
tal) accreditation system; transparent
recruitment of staff; national registries;
online platforms with hospital compari-
sons; various lists of “best” hospitals at
the national or global level

Efficiency; functional differentiation of
hospitals, quality improvement (QI);
PDCA / PDSA cycles; lean, six sigma
NSQIP; patient safety programs; treat-
ment process indicators (e.g. time to
intervention, average length of hospital-
ization); healthcare worker satisfaction;
hospital action plans; evidence-based
medicine; continuing medical educa-
tion; anaesthesia information manage-
ment system (AIMS); quality manage-
ment (QM)

Continuous After identifying errors or failures, anal-

improvement yse why and implement improvement
measures.

Accountability Doctors and hospitals should be held ac-

countable for treatment outcomes; their
work should be evaluated and criticized
when unsuccessful.

Regulatory agencies; health care con-
tracting; peer review; quality-based
payment systems;case-mix, diagnosti-
cally related groups




THE LIFE AND LEGACY OF ERNEST AMORY CODMAN: A PIONEER OF OUTCOMES AND A FORERUNNER OF MODERN...

299

ry (25). After several decades, the chambers of health-
care professionals were renewed (24). The challenges
present in Codman’s time still exist in today’s Serbia,
a century after the publication of A Study in Hospital
Efficiency.

CONCLUSION

Ernest Amory Codman is one of the most signifi-
cant figures in the history of modern medicine, whose
vision far exceeded his time. His books hold the same
importance for modern medicine as the Corpus Hip-
pocraticum. His End Result System concept was the
first systematic attempt to introduce the measurement
of treatment outcomes as the foundation for improving
quality and accountability in health care and medicine.

Although his ideas initially met with strong re-
sistance, today they represent the foundation on which
hospital accreditation programs, national and inter-
national disease registries, public outcome reporting
systems, and patient safety initiatives are based. His
work remains a powerful reminder that transparency,
outcome monitoring, and continuous quality improve-
ment are essential for the progress of medicine.

Modern quality measurement systems in health
care cannot be understood without insight into Cod-
man’s philosophy, making him a pioneer and a turning
point in the development of health quality improve-
ment.

Sazetak
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ZIVOT I NASLEDPE ERNESTA AMORIJA KODMANA:
PIONIRA ISHODA I PRETECE MODERNIH SISTEMA MERENJA KVALITETA
U SISTEMU ZDRAVSTVENE ZASTITE

Medarevic Aleksandar

Nezavisni istraziva¢, Beograd, Srbija

Ernest Amori Kodman (1869—1940) bio je ame-
ricki hirurg, reformator i vizionar ¢iji je rad oznacio
pocetak sistematskog merenja kvaliteta u medicini.
Prvi deo rada prati njegov Zivotni put: njegovo obra-
zovanje na Medicinskom fakultetu Harvard, njegov
rad u OpStoj bolnici Masacusets, njegove sukobe sa
kolegama zbog insistiranja na javnom izvestavanju
o ishodima, osnivanje sopstvene bolnice i razvoj Re-
gistra sarkoma kostiju kao prvog registra specifi¢ne
bolesti. Drugi deo rada analizira njegovu filozofiju
»Sistema krajnjih rezultata® kroz uporednu tabelu u
kojoj se osnovni principi (pracenje pacijenata, evi-

dencija komplikacija, transparentnost, kontinuirano
poboljsanje 1 odgovornost) uporeduju sa savreme-
nim ekvivalentima, kao $to su indikatori ishoda,
nacionalni registri, sistemi javnog izveStavanja, me-
todologije poboljsanja kvaliteta i informacioni siste-
mi. U radu se zakljucuje da je Kodmanovo delo i
biografska pri¢a o upornom reformatoru i analitic-
ka osnova za moderne sisteme kvaliteta u sistemu
zdravstve zastite.

Kljucne reci: kvalitet zdravstvene zastite, unapre-
denje kvaliteta, praksa zasnovana na dokazima, bol-
nice.
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dings — MeSH.

Stranica sa saZetkom na engleskom jeziku. Tre-
ba da sadrzi pun naslov rada na engleskom jeziku, kra-
tak naslov rada na engleskom jeziku, naziv institucije
gde je rad uraden na engleskom jeziku, tekst sazetka na
engleskom jeziku i klju¢ne re¢i na engleskom jeziku.

Struktura rada. Svi podnaslovi se pisu velikim
slovima i boldovano.

Originalni rad treba da ima slede¢e podnaslove:
uvod, cilj rada, metod rada, rezultati, diskusija, zaklju-
¢ak, literatura.

Prikaz bolesnika ¢ine: uvod, prikaz bolesnika, di-
skusija, literatura.

Pregled iz literature cine: uvod, odgovarajuéi
podnaslovi, zakljucak, literatura.

Bolesnici i metode/materijal i metode. Treba
opisati izbor bolesnika ili eksperimentalnih Zivotinja,
ukljucujuéi kontrolu. Imena bolesnika i brojeve istori-
ja ne treba koristiti.

Metode rada treba opisati sa dovoljno detalja ka-
ko bi drugi istraziva¢i mogli proceniti i ponoviti rad.

Kada se pise o eksperimentima na ljudima, treba
priloziti pismenu izjavu u kojoj se tvrdi da su ekspe-
rimenti obavljeni u skladu sa moralnim standardima
Komiteta za eksperimente na ljudima institucije u ko-
joj su autori radili, kao 1 prema uslovima Helsinske
deklaracije. Rizi¢ne procedure ili hemikalije koje su
upotrebljene se moraju opisati do detalja, ukljucujuéi
sve mere predostroznosti. Takode, ako je radeno na Zi-
votinjama, treba priloZiti izjavu da se sa njima postu-
palo u skladu sa prihva¢enim standardima.

Treba navesti statisticke metode koje su koriS¢ene
u obradi rezultata.

Rezultati. Rezultati treba da budu jasni i sazeti,
sa minimalnim brojem tabela i slika neophodnih za do-
bru prezentaciju.

Diskusija. Ne treba Ciniti obiman pregled litera-
ture. Treba diskutovati glavne rezultate u vezi sa rezul-
tatima objavljenim u drugim radovima. Pokusati da se
objasne razlike izmedu dobijenih rezultata i rezultata
drugih autora. Hipoteze i spekulativne zakljucke treba
jasno izdvojiti. Diskusija ne treba da bude ponovo iz-
noSenje zakljucaka.

Literatura. Reference numerisati rednim arap-
skim brojevima prema redosledu navodenja u tekstu.
Broj referenci ne bi trebalo da bude veéi od 30, osim u
pregledu literature, u kojem je dozvoljeno da ih bude
do 50.

Izbegavati koris¢enje apstrakta kao reference, a
apstrakte starije od dve godine ne citirati.

Reference se citiraju prema tzv. Vankuverskim
pravilima, koja su zasnovana na formatima koja ko-
riste National Library of Medicine 1 Index Medicus.

Primeri:

1. Clanak: (svi autori se navode ako ih je est i
manje, ako ih je vise navode se samo prvih Sest i do-
daje se “etal.”)

Spates ST, Mellette JR, Fitzpatrick J. Metasta-

tic basal cell carcinoma. J Dermatol Surg. 2003;

29(2): 650-652.

2. Knjiga:

Sherlock S. Disease of the liver and biliary

system. 8th ed. Oxford: Blackwell Sc Publ, 1989.

3. Poglavlje ili ¢lanak u knjizi:

Latkovi¢ Z. Tumori o¢nih kapaka. U: Litri¢in O i

sar. Tumori oka. 1. izd. Beograd: Zavod za udzbe-

nike i nastavna sredstva, 1998: 18-23.
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Tabele. Tabele se oznacavaju arapskim brojevi-
ma po redosledu navodenja u tekstu, sa nazivom tabele
iznad.

Slike. Sve ilustracije (fotografije, grafici, crtezi)
se smatraju slikama i oznacavaju se arapskim broje-
vima u tekstu i na legendama, prema redosledu poja-
vljivanja. Treba koristiti minimalni broj slika koje su
zaista neophodne za razumevanje rada. Slova, brojevi
1 simboli moraju biti jasni, proporcionalni, i dovoljno
veliki da se mogu reprodukovati. Pri izboru veli¢ine
grafika treba voditi racuna da prilikom njihovog sma-
njivanja na Sirinu jednog stupca teksta neé¢e doc¢i do
gubitka citljivosti. Legende za slike se moraju dati na
posebnim listovima, nikako na samoj slici.

Ako je uveliCanje znacCajno (fotomikrografije)
ono treba da bude naznaceno kalibracionom linijom
na samoj slici. DuZzina kalibracione linije se unosi u
legendu slike.

Uz fotografije na kojima se bolesnici mogu pre-
poznati treba poslati pismenu saglasnost bolesnika da
se one objave.

Za slike koje su ranije ve¢ objavljivane treba na-
vesti tacan izvor, treba se zahvaliti autoru, i treba pri-
loziti pismeni pristanak nosioca izdavackog prava da
se slike ponovo objave.

Pisma uredniku. Mogu se publikovali pisma
uredniku koja se odnose na radove koji su objavljeni u
SANAMEDU, ali i druga pisma. Ona mogu sadrzati i
jednu tabelu ili sliku, i do pet referenci.

Propratno pismo. Uz rukopis obavezno priloziti
pismo koje su potpisali svi autori, a koje treba da sa-
drzi: izjavu da rad prethodno nije publikovan i da nije
istovremeno podnet za objavljivanje u nekom drugom
Casopisu, te izjavu da su rukopis procitali i odobrili
svi autori koji ispunjavaju merila autorstva. Takode je
potrebno dostaviti kopije svih dozvola za: reproduko-
vanje prethodno objavljenog materijala, upotrebu ilu-
stracija i objavljivanje informacija o poznatim ljudima
ili imenovanje ljudi koji su doprineli izradi rada.

TroSkovi pripreme rada

Svi autori radova, imaju obavezu da pre nego $to
dobiju potvrdu da ¢e rad biti objavljen u Sanamedu,
izvrSe uplatu za pokrice dela troskova Stampe koja
za autora rada iznosi 2500 dinara, a za koautore po
1500 dinara, za svaki prihvaceni rad. Za autora rada
iz inostranstva naknada za Stampanje iznosi 40 eura
(u dinarskoj protivrednosti po kursu na dan uplate), a
za koautore 20 eura. Dodatno ¢e biti naplacena svaka
stranica na kojoj se nalaze slike u boji, po ceni od 30
eura; crno bele slike se ne naplacuju.

Za sva dalja uputstva i informacije kontaktirajte
Urednistvo.

Napomena. Rad koji ne ispunjava uslove ovog uput-
stva ne moze biti upuéen na recenziju i bi¢e vra¢en auto-
rima da ga dopune i isprave. Pridrzavanjem uputstva za
pisanje rada za SANAMED znatno ¢e se skratiti vreme ce-
lokupnog procesa do objavljivanja rada u ¢asopisu, Sto ¢e
pozitivno uticati na kvalitet i redovnost izlazenja svezaka.






INSTRUCTIONS TO AUTHORS

SANAMED journal is international, peer-re-
viewed, multidisciplinary open-access medical journal,
founded in 2006 and is published by the Association of
medical doctors Sanamed, a nonprofit organization of
physicians and scientists. The journal publishes: origi-
nal articles, case reports, literature reviews, Systemat-
ic review, articles on history of medicine, articles for
practitioners, book reviews, comments and letters to
editor, and other medical information dedicated to the
advancement of medical research, practice, and educa-
tion, in the field of medicine and related fields.

The journal is published both in electronic and
print format, three times a year. Immediately after pub-
lication, all papers are available online for free, on the
journal’s website and other databases.

IMPORTANT. Authors please fill out Author
statement, Patient consent, and Conflict of inter-
ests forms when submitting your article (https:/new.
sanamed.rs/).

From February 2022, Sanamed journal started
using electronic journal management editing via the
ASSISTANT system. All users of the system: authors,
reviewers and editors must be registered with a unique
email address. To register go to https://aseestant.ceon.
rs/index.php/sanamed/about/submissions.

Manuscripts are submitted in electronic form via
ASSISTANT system.

The papers are always submitted with Abstract in
both English and Serbian, included in the manuscript
file. Foreign authors submit papers only in English
Generic names should be exclusively used for the
names of drugs. Devices (apparatuses, instruments)
are termed by trade names, while their name and place
of production should be indicated in the brackets. If a
letter-number combination is used, the number should
be precisely designated in superscript or subscript (i.e.,
99Tc, IL-6, 02, B12, CDS8). If something is common-
ly written in italics, such as genes (e.g. BRCAL1), it
should be written in this manner in the paper as well.

If a paper is a part of a master’s or doctoral thesis,
or a research project, that should be designated in a
separate note at the end of the text. Also, if the article
was previously presented at any scientific meeting, the
name, venue and time of the meeting should be stated,

as well as the manner in which the paper had been pub-
lished (e.g. changed title or abstract).

CONFLICT OF INTEREST STATEMENT. The
manuscript must be accompanied by a disclosure state-
ment from all authors declaring any potential interest
or stating that the authors have no conflict of interest.
Conflict of interest statement form must be signed by
all authors and submitted with manuscript.

AUTHORSHIP. All individuals listed as au-
thors should be qualified for authorship. Every author
should have participated sufficiently in writing the ar-
ticle in order to take responsibility for the whole article
and results presented in the text..The authors should
enclose the description of contribution to the article of
every co-author individually (at the end of the manu-
script).

PLAGIARISM. All manuscripts have been sub-
mitted to Cross Check (software iThenticate) for pla-
giarism and auto-plagiarism control.

GENERAL GUIDELINES

Text of the paper should be typed in a word pro-
cessing program Word, written in Latin, double-spa-
ced, only in Times New Roman font size 12 points. All
margins should be set at 25 mm, and the text should be
typed with the left alignment and paragraph indentati-
ons of 10 mm, without dividing the words.

The manuscript should be arranged as following:
title page, abstract, key words, introduction, patients
and methods/material and methods, results, discus-
sion, conclusion, references, tables, figure legends and
figures.

Each manuscript component (title page, etc.) be-
gins on a separate page. All pages are numbered con-
secutively beginning with the title page.

References in the text are designated with Arabic
numerals in parentheses, and the order in which they
appear in the text.

Manuscript volume. The complete manuscript,
which includes title page, short abstract, text of the ar-
ticle, literature, all figures and permisions for them and
legends (tables, images, graphs, diagrams, drawings),
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title page and abstract in English, can have the length
up to 5000 words for original paper, report, paper on
the history of medicine and literature overview, while
for patient presentation, practice paper, educative ar-
ticle it can be up to 3000 words, and other papers can
be up to 1500 words.

The word count check in a document can be do-
ne in Word processor program in submenu 7ools Word
Count or File Properties Statistics.

All measurements, except blood pressure, are re-
ported in the System International (SI) and, if neces-
sary, in conventional units (in parentheses). Generic
names are used for drugs. Brand names may be inser-
ted in parentheses.

Title page. The title page contains the title, short
title, full names of all the authors, names and full loca-
tion of the department and institution where work was
performed, acknowledgments, abbreviations used, and
name of the corresponding author. The title of the ar-
ticle is concise but informative, and it includes animal
species if appropriate. A subtitle can be added if ne-
cessary.

A short title of less than 50 spaces, for use as a
running head, is included.

A brief acknowledgment of grants and other assi-
stance, if any, is included.

A list of abbreviations used in the paper, if any,
is included. List abbreviations alphabetically followed
by an explanation of what they stand for. In general,
the use of abbreviations is discouraged unless they are
essential for improving the readabillity of the text.

The name, telephone number, fax number, and
exact postal address of the author to whom commu-
nications and reprints should be sent, are typed at the
lower right corner of the title page.

Abstract page. An abstract of less than 400 words
concisely states the objective, findings, and conclusion
of the studies described in the manuscript. The abstract
does not contain abbreviations, footnotes or referen-
ces.

Below the abstract, 3 to 8 keywords or short phra-
ses are provided for indexing purposes.

The structure of work. All headings are written
in capital letters and bold.

Original work should have the following hea-
dings: introduction, aim, methods, results, discussion,
conclusion, references.

A case report include: introduction, case report,
discussion, references.

Review of the literature include: an introduction,
subheadings, conclusion, references.

Patients and methods/Material and methods.
The selection of patients or experimental animals, in-

cluding controls is described. Patients’ names and ho-
spital numbers are not used.

Methods are described in sufficient detail to per-
mit evaluation and duplication of the work by other
investigators.

When reporting experiments on human subjects,
it should be indicated whether the procedures follo-
wed were in accordance with ethical standards of the
Committee on human experimentation of the institu-
tion in which they were done and in accordance with
the Declaration of Helsinki. Hazardous procedures or
chemicals, if used, are described in detail, including
the safety precautions observed. When appropriate, a
statement is included verifying that the care of labora-
tory animals followed the accepted standards.

Statistical methods used, are outlined.

Results. Results are clear and concise, and inclu-
de a minimum number of tables and figures necessary
for proper presentation.

Discussion. An exhaustive review of literature is
not necessary. The major findings should be discussed
in relation to other published works. Attempts should
be made to explain differences between results of the
present study and those of the others. The hypothesis
and speculative statements should be clearly identified.
The discussion section should not be a restatement of
results, and new results should not be introduced in the
discussion.

References. References are identified in the text
by Arabic numerals in parentheses. They are numbe-
red consecutively in the order in which they appear in
the text. Number of references should not exceed 30,
except in the literature review, which is allowed to be
to 50.

Avoid using abstracts as references and abstract
older than two years are not cited.

References are cited by the so-called Vancouver
rules, which are based on formats that use the Natio-
nal Library of Medicine and Index Medicus. The fol-
lowing are examples:

1. Article: (all authors are listed if there are six or
fewer, otherwise only the first six are listed followed
by “etal )

Spates ST, Mellette JR, Fitzpatrick J. Metasta-

tic basal cell carcinoma. J Dermatol Surg. 2003;

29(2): 650-652.

2. Book:

Sherlock S. Disease of the liver and biliary sys-

tem. 8th ed. Oxford: Blackwell Sc Publ, 1989.

3. Chapter or article in a book:

Trier JJ. Celiac sprue. In: Sleisenger MH, For-

dtran J5, eds. Gastro-intestinal disease. 4 th ed.

Philadelphia: WB Saunders Co, 1989: 1134-52.
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Tables. Tables are typed on separate sheets with
figure numbers (Arabic) and title above the table and
explanatory notes, if any, below the table.

Figures and figure legends. All illustrations
(photographs, graphs, diagrams) are to be considered
figures, and are numbered consecutively in the text
and figure legend in Arabic numerals. The number
of figures included is the least required to convey the
message of the paper, and no figure duplicates the data
presented in the tables or text. Letters, numerals and
symbols must be clear, in proportion to each other, and
large enough to be readable when reduced for publi-
cation. Figures are submitted as near to their printed
size as possible. Legends for figures should be given
on separate pages.

If magnification is significant (photomicro-
graphs), it is indicated by a calibration bar on the print,
not by a magnification factor in the figure legend. The
length of the bar is indicated on the figure or in the fi-
gure legend.

Photographs of identifiable patients are accompa-
nied by written permission from the patient.

For figures published previously, the original sou-
rce is acknowledged, and written permission from the
copyright holder to reproduce it is submitted.

Letters to the Editor. Both letters concerning
and those not concerning the articles that have been
published in SANAMED will be considered for publi-
cation. They may contain one table or figure and up to
five references.

Cover letter. The letter signed by all authors
must be attached with the manuscript. The letter sho-
uld consist of: the statement that the paper has not been

published previously and that it is not submitted for
publication to some other journal, the statement that
the manuscript has been read and approved by all the
authors who fulfill the authorship criteria. Furthermo-
re, authors should attach copies of all permits: for re-
production of previously published materials, for use
of illustrations and for publication of information abo-
ut publicly known persons or naming the people who
contributed to the creation of the work.

Costs of paper preparation

All authors of papers, have obligation, before
they receive confirmation that the paper will be publis-
hed in Sanamed, to pay part of expenses of printing,
which is 2500 RSD for author, 1500 RSD for co-aut-
hors, for each paper.

For paper author from abroad printing fees are 40
Euro (in Dinar equivalent at the exchange rate on the
day of payment), and 20 Euro for co-authors. Additio-
nally will be charged each page with pictures in color,
costing 30 Euro; black and white pictures will not be
charged.

For any further instructions and information, con-
tact Editorial Board.

Note. The paper which does not fulfill the condi-
tions set in this instruction cannot be set to reviewers
and will be returned to the authors for amendments
and corrections. By following the instructions for wri-
ting the papers for Medical Journal, the time needed
for the process of publication of papers in the journal
will be shortened, which will have positive impact on
the quality and regularity of publication of volumes.
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