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ABSTRACT

Objectives: Aortic valve-sparing root reimplantation (AVSRR) offers distinct advantages, particularly in younger patients with aortic root dilatation and aortic
insufficiency (Al), when performed in experienced centers. This study aimed to evaluate the long-term clinical outcomes of AVSRR in a single-center cohort.

Patients and methods: Sixty-one consecutive patients who underwent the David procedure at our center between 2010 and 2025 were analyzed. Preoperative
demographics, operative data, and early postoperative and long-term outcomes were evaluated. Survival, freedom from severe Al, and freedom from

reoperation at 1, 5, and 10 years were assessed using the Kaplan-Meier method.

Results: In-hospital mortality was 1.6% (n=1); the patient died of multiorgan failure in the early postoperative period. The median follow-up duration was 65
months. Kaplan-Meier survival rates at 15, and 10 years were 98.4%. Freedom from severe Al was 96.5%, 90.0%, and 86.4%, while freedom from aortic valve—
related reoperation was 98.4%, 91.3%, and 91.3% at 1, 5, and 10 years, respectively.

Conclusion: David procedure has safe long-term outcomes with excellent survival and freedom from aortic valve-related reoperation rates. Experienced high-

volume centers are important to achieve optimal results.

Keywords: Aortic valve-sparing root replacement, aortic valve, aortic insufficiency, David procedure.

In young patients with aortic root dilatation, severe aortic regurgitation
and good native tissue quality, valve-sparing aortic root reimplantation
(David procedure) is preferred over the composite valve graft (Bentall
procedure) when performed at experienced centers. Even though
the Bentall procedure offers a long-term durable solution, lifelong
anticoagulation requirement and associated complications such
as hemorrhage and thromboembolism remain a well-recognized
drawback, particularly in younger patients.*! Additionally, the use of
bioprosthetic valves in Bentall operations—Bio-Bentall procedure—
may lead to long-term leaflet degeneration.P! The David procedure
may offer a solution to these issues by preserving native aortic leaflets.

A recent meta-analysis showed that the David procedure was associated
with less postoperative stroke, reduced early mortality, and higher
long-term survival rates compared to Bentall procedure.! High-volume,
specialized centers are likely to be the cornerstone of long-term
success in valve-sparing root replacement (VSRR) due to the procedure’s
technical complexity. Recent American and European aortic guidelines
also recommend considering VSRR in patients—particularly younger
ones—with aortic root dilatation and non-diseased or repairable AV
leaflets, when performed by experienced surgeons.>® In this study,
we aim to present our mid- and long-term outcomes of the David
procedure at a single-center.
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PATIENTS AND METHODS

A total of 61 consecutive patients underwent David procedure between
May 2010 and May 2025 at our institution. One patient underwent
modified Yacoub (David 1) procedure was excluded from the study for
the uniformity of the cohort. This patient had asymmetric dilatation
of the non-coronary and right coronary sinuses of Valsalva. Therefore,
the left coronary sinus of Valsalva was preserved, and a partial root
reimplantation was performed. Pre-operative patient demographics,
operative details, post-operative outcomes and follow-up data were
retrospectively retrieved from institutional and national databases.
Preoperative transthoracic echocardiography (TTE) and computed
tomography angiography were performed in all patients, and relevant
measurements were obtained, including the diameters of the aortic
annulus, sinus of Valsalva, sinotubular junction, and ascending
aorta. Additionally, perioperative transesophageal echocardiography
(TEE) was routinely used in all patients to evaluate the aortic valve
intraoperatively. The primary outcomes of the study were mid- and
long-term survival, freedom from severe aortic insufficiency (Al) and
freedom from reoperation during the 10-year follow-up period.

Surgical Technique

Following induction of general anesthesia and endotracheal intubation,
a TEE probe was routinely placed, and the AV was assessed prior to the
initiation of the procedure. All surgeries were performed via median
sternotomy or mini-] sternotomy. After entering the mediastinum,
pericardial stay sutures were placed, and epi-aortic ultrasonography
was performed to identify optimal, non-atherosclerotic sites for aortic
cannulation and distal aortic cross-clamping. Cardiopulmonary bypass
(CPB) was initiated following arterial and venous cannulation. The site
of arterial cannulation was determined based on the extent of the
procedures, concomitant interventions, anatomical considerations,
and the type of sternotomy. Ascending aorta, axillary artery and
femoral artery were the choice of arterial cannulation sites. Central
venous cannulation via right atrium was used for median sternotomy
procedures, whereas peripheral femoral venous cannulation was
preferred for mini-] sternotomy. Majority of the operations were
performed under systemic moderate hypothermia (28-32 °C). The total
of nine patient required total or hemi-aortic arch replacement was
operated under deep hypotermic (18 °C) total circulatory arrest (TCA).
Additionally, two of the three total aortic arch replacements were
performed under TCA combined with antegrade cerebral perfusion
(ACP) via axillary artery cannulation. Brachiocephalic artery was cross-
clamped or suspended with the vascular tapes to prevent retrograde
flow towards the aortic arch. The remaining one patient did not
undergo ACP despite performing total aortic arch replacement because
this patient was scheduled for hemiarch replacement preoperatively.
However, operative evaluation revealed aortic arch aneurysm and total
aortic arch replacement decision was made intraoperatively. Aortic
arch vessels were reimplanted using island technique and a 26 minutes
short TCA duration was achieved. The patient did not encounter any
neurologic complication during postoperative period. A suction vent
was routinely placed in the right superior pulmonary vein. Aortic cross-
clamping was performed, and cardiac arrest was achieved following
cardioplegia administration. Cardioplegia was delivered through
the coronary ostia in patients with moderate or severe Al. AV leaflets
were inspected after aortotomy. Aneurysmal segments of the sinus of
Valsalva were resected, the height of left-non-coronary commissure
was measured from the base of the interleaflet triangle to the top of

the commissure to decide appropriate Dacron graft size (Figure 1A).
Straight tubular Dacron grafts were used in all operations while Valsalva
grafts can also be preferred. The majority of the grafts used were
size 30 or 32. The left and right coronary buttons were subsequently
prepared. Dacron graft was implanted into the aortic annulus using
horizontally placed, pledgeted, interrupted sutures. A critical nuance
at this stage was the vertical placement of sub-annular sutures at the
right—non-coronary commissure to avoid injury to the his bundle in the
membranous septum (Figure 1B). AV leaflets were then repositioned
and reimplanted within the Dacron graft using Prolene sutures (Figure
1(). Coaptation of the AV leaflets were evaluated with saline test to
ensure the absence of backward leakage. If any prolapsed aortic valve
leaflets were detected at this stage, aortic valve leaflets were repaired
using plication technique with Prolene sutures. The left and right
coronary buttons were anastomosed to the Dacron graft in sequence
using 5/0 Prolene sutures. In patients without hemiarch or total aortic
arch replacement, distal anastomosis was performed on the distal
ascending aorta under aortic cross clamping (ACC) using 4/0 Prolene
sutures. For those undergoing hemiarch or total arch replacement,
open distal anastomosis was carried out under TCA with or without
ACP. After rewarming and deairing, the patients were weaned off CPB
upon achieving optimal hemodynamic conditions. All procedures were
completed with chest tube placement and standard layered closure of
the surgical incision.

Statistical Analysis

BM SPSS Statistics software package 27.0 was used to perform statistical
analyses. Continuous parameters are presented as mean + standard
deviation and median (minimum-maximum), while categorical
parameters are shown as counts and percentages. Kaplan-Meier
survival analysis was performed to assess 1-, 5-, 10-year survival and
freedom of reoperation.

RESULTS

The mean age of the patients was 50.5+13.9 years and 55 (90 %) of
the patients were male. The most encountered comorbidities were
hypertension in 34 (56%) patients, hyperlipidemia in 10 (16%) patients
and diabetes mellitus 9 (15%) patients. The majority of the patients were

Figure 1. A-Measurement of the height of left-non-coronary commissure,
B- Vertical placement of sub-annular sutures at the right—non-coronary
commissure, C- Aortic valve leaflet reimplantation within the Dacron
graft.
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in NYHA Class I with 38 (62%) patients. The mean EUROSCORE Il values
of the population were 7.1£2.3. The mean diameters of the ascending
aorta, sinotubular junction, and sinus of Valsalva were 50.9£9.1 mm,
49.2+6.3 mm, and 51.5£5.8 mm, respectively. In the preoperative
echocardiographic evaluation, 26 (43%) patients had severe Al, 16
(26%) had moderate Al, 12 (20%) had mild Al, and 7 (11%) had trace
or no Al. Eighteen (30%) patients had bicuspid aortic valve (BAV), six
patients (10%) had aortic dissection, and three patients (5%) had Marfan
syndrome. The patient demographics were demonstrated in Table 1.

A total of 36 (59%) patients underwent isolated David procedure and
concomitant procedures were performed in 25 (41%) patients. The most
performed concomitant procedure was coronary artery bypass grafting in
nine patients. Aortic leaflet plication was performed in two (3%) patients.
After the valve leaflets were reimplanted within the Dacron graft, they were
evaluated, and any prolapsed leaflets were repaired using the plication
technique. There was a total of three (5%) redo cases. Median sternotomy
was the preferred procedural approach in 54 (89%) and mini-J-sternotomy
in 7 (11%) patients. The ascending aorta was the site of arterial cannulation
in 38 (62%) patients, the femoral artery in 18 (30%) patients, and the axillary
artery in 5 (8%) patients. Central venous cannulation was performed in 42
(69%) patients and femoral venous cannulation was preferred in 19 (31%)

Table 1. Preoperative demographics of the patients (n=61)

patients. The mean durations of CPB and ACC were 143£37 minutes and
115£29 minutes, respectively. A total of 9 (15%) cases were performed
under TCA with a median duration of 14 (8-76) minutes, and two cases
were performed with ACP with a median duration of 45 (40-50) minutes.
Operative data is presented in Table 2.

The median mechanical ventilation times and intensive care unit stay
were 6 (1-39) hours and 20 (14-86) hours, respectively (Table 3). The
median duration of hospital stay was 7 (4-20) days. Postoperative atrial
fibrillation was encountered in 11 (18%) patients. Complete AV block was
seen in two (3%) patients postoperatively and these patients underwent
permanent pacemaker implantation. Two (3%) patients needed
reexploration for bleeding and one (1.6%) patient required reintubation.
Postoperative echocardiography revealed no or trace Al in the majority
of the patients. In-hospital mortality was encountered in one (1.6%)
patient. The patient was 67 years old and had a history of hypertrophic
cardiomyopathy. His death was associated with post-operative multi-
organ failure. Sixty patients were followed up for a median of 65 months
(1-182 months). There was no late mortality in the entire cohort during
follow-up. Kaplan-Meier analysis revealed 1-, 5-, and 10-year survival
rates of 98.4% (Figure 2). Follow-up TTE demonstrated mild, trace, or no
Al'in 51 (87%) of the patients, while six and two patients showed severe
and moderate Al, respectively. Freedom from severe Al was 96,5%,
90% and 86.4% in 1, 5 and 10 years, respectively (Figure 3). Four (6.6%)

Demographics Mean * SD or n (%) patients required reoperation due to aortic valve dysfunction during the
Age (years) 50.5413.9 follow—up pveriod‘ Tyvg of thehreope.rations were in the SAV group, while
Female gender 6 (10%) the remaining two is in the dissection group. One case in the BAV group
EUROSCORE Il score 71%2.3 Table 2. Operative data of patients undergoing David procedure
Comorbidities (n=61)
HT 34 (56%) Operative data Mean % SD or n (%)
HL 10 (16%) Concomitant cardiac procedures
DM 9 (15%) Cases with concomitant surgery 25 (41%)
NYHA category Coronary artery bypass grafting 9
Class | 38 (62%) Aortic hemiarch replacement 6
Class Ii 18 (30%) Total aortic arch replacement 3
Class 11l 3 (5%) Mitral valve repair 4
Class IV 2 (3%) Other procedures 8
CTA measures Redo cases 3 (5%)
Ascending aorta (mm) 50.949.1 mm Procedural approach
Sinotubular junction (mm) 49.2+6.3 mm Midline sternotomy 54 (89%)
Sinus of valsalva (mm) 51.5+5.8 mm Mini-J-sternotomy 7 (11%)
Echocardiography Cannulation sites
Aortic insufficiency Arterial cannulation
Severe 26 (43%) ]
Moderate 16 (26%) Ascending aorta 38 (62%)
Mild 12 (20%) Femoral artery 18 (30%)
Trace 5 (8%) Axillary artery 5 (8%)
No 2 (3%) v It
Mean LVEF (%) 60+6 enous cannulation
Righ i 42 (697
BAV 18 (30%) ig tatnurﬁ (69%)
— - Femoral vein 19 (31%)
Aortic dissection 6 (10%)
CPB time (minutes) 143437
Marfan syndrome 3 (5%) - -
T ) . - - ACC time (minutes) 115+29
BAV: Bicuspid aortic valve; SD: Standard deviation; HT: Hypertension; HL: Hyperlipidemia;
DM: Diabetes mellitus; NYHA: New York Heart Association; CTA: Computed tomography TCA time (minutes) 14 (8-76)
angiography. R .
ACP time (minutes) 45 (40-50)
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was due to infective endocarditis (IE)-related severe Al and required early
reoperation within one month of the initial surgery. The second patient
underwent reoperation at 54 months following the initial operation due
to severe Al caused by degeneration of the aortic valve leaflets. Among
the remaining 16 BAV patients, no additional patients developed
severe Al or required reoperation during the follow-up period. The
other two cases in the dissection group underwent reoperation for
severe Al caused by prolapse or degeneration of the aortic leaflets. The
remaining two patients with severe Al did not undergo reoperation. One
had severe paravalvular Al that was hemodynamically insignificant and
therefore did not require surgery. The other patient was managed with
medical therapy. Kaplan-Meier analysis revealed freedom from aortic-
valve related reoperation rates of 98.4%, 91.3%, and 91.3% at 1, 5, and

10 years, respectively (Figure 4).

DISCUSSION

This single-center study of the patient cohort undergoing the David
procedure establishes that the David procedure can be safely performed

Table 3. Early and late postoperative outcomes

Mechanical ventilation time (hours) 6(1-39)
ICU stay (hours) 20 (14-86)
Hospital stay (days) 7 (4-20)
POAF 11 (18%)
Permanent pacemaker implantation 2 (3%)
Postoperative reexploration for bleeding 2 (3%)
Reintubation 1(1.6%)
Early postoperative Al (n=59)
Severe 0
Moderate 0
Mild 11 (19%)
Trace 24 (41%)
No 24 (41%)
In-hospital mortality 1(1.6%)
Survival rate (%) at
1-year 98.4%
5-year 98.4%
10-year 98.4%
Follow-up Al (n=59)
Severe 6 (10%)
Moderate 2 (3%)
Mild 21 (36%)
Trace 23 (39%)
No 7 (12%)
Freedom from severe Al at
1-year 96.5%
5-year 90%
10-year 86.4%
Freedom from aortic valve-related reoperation at
1-year 98.4%
5-year 91.3%
10-year 91.3%
ICU: Intensive care unit; Al: Aortic insufficiency; POAF: Postoperative atrial fibrillation.

in both elective and emergent settings by experienced surgeons in
specialized centers, yielding favorable short- and long-term outcomes.

Our in-hospital and long-term mortality rate was low (1.6%). It is
also worth noting that there were no in-hospital deaths among the
six patients who presented in emergency settings with acute aortic
dissection. These statistics are consistent with previous findings in the
literature. Beckmann et al.Pl presented data from their large cohort
with a 25-year follow-up period, revealing that the overall in-hospital
mortality rate was 1.9% in elective settings, while it was 3.8% in the
entire population, which included a high proportion of aortic dissection
cases. The survival rates at 5 and 10 years in this study were 88% and
77%, respectively. In the series of 465 patients reported by David et al.,)
the operative mortality was 1%, and the 20-year survival and event-

Survival

98.4% 49 98.4%
100 - E — . = 98. 4% -
80
T 60
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‘g
8
o 40
o
20
0
0 12 24 36 48 60 72 84 96 108 120
Number atrisk 61 53 50 a2 % 19 18 16

38 35 26
Time (months)

Figure 2. Kaplan-Meier analyses for 1-year, 5-year and 10-year
survival.
Al: Aortic insufficiency.
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Figure 3. Kaplan-Meier analyses for 1-year, 5-year and 10-year
freedom from severe Al.
Al: Aortic insufficiency.
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Figure 4. Kaplan-Meier analyses for 1-year, 5-year and 10-year
freedom from reoperation.

free survival rates were 75.1% and 69.1%, respectively. Yang et al.l¥ also
showed that the operative mortality rate in 40 Type A aortic dissection
patients who underwent the David procedure was 3%, compared to
13% in the 95 patients who underwent the Bentall procedure. Based
on both our data and findings from the literature, we propose that the
David procedure is a safe alternative, even in emergent settings, when
performed by experienced hands.

When the early postoperative complications were analyzed, our data
showed low rates of complications. The POAF rate was 18%, while
permanent pacemaker implantation was required in 3.2% of cases.
David et al.® reported a 22% rate of POAF and a 1.5% rate of permanent
pacemaker insertion in their 20-year experience. It is crucial to note that
our technique for Dacron graftimplantation at the aorticannulus, which
involves the vertical placement of sub-annular sutures at the right non-
coronary commissure, contributes to the low rates of complications
related to the conduction system by preserving important structures
in the membranous septum. The overall postoperative reexploration
rate for bleeding was 3.2%. In the same study, David et al. reported
that 8.7% of the patients underwent reexploration for bleeding or
cardiac tamponade. Our overall reexploration rate is extremely low
and comparable to the current literature, considering the significant
presence of aortic dissection and concomitant procedures in the cohort,
including total aortic arch replacement.

Preoperative severe or moderate Al was present in 69% of the patients
in our study, while early postoperative echocardiography revealed
no severe or moderate Al in our cohort. Furthermore, follow-up
echocardiography results showed that only 13% of the patients had
severe or moderate Al. Freedom from severe or moderate Al was 94.9%
and 73.9% at the 2- and 6-year follow-ups in the report published by
Coselli et al.,@ while it was 98% at 5 years and 96% at 10, 15, and 20 years
in David et al.’s® 20-year experience. In our cohort, freedom from severe
Al'was 90% at 5 years and 86.4% at 10 years, which is comparable to the
rates reported in the literature. During the follow-up period, four of
our patients underwent reoperation due to aortic valve-related causes.
All the reoperations were within the first 5 years of follow-up. There
was no reoperation in patients with tricuspid aortic valve structure. Two

Cardiovasc Surg Int 2026;13(1):1-6

reoperated patients were in the aortic dissection subgroup, while the
other two were in the BAV subgroup. On the other hand, our data are
consistent with the previously mentioned literature, which highlights
the high rate of reoperation within the first 5 years. Freedom from
reoperation rates were 98.4% at 1 year and 91.3% at 5 and 10 years
in our study. Liebrich et al.' published their data, demonstrating 94%
and 87% freedom from aortic valve replacement at 5 and 10 years,
respectively.'"12 Beckmann et al.’sP! data were also similar to those of
Liebrich et al. " with 93% and 88% freedom from reoperation rates at
5 and 10 years, respectively. While our numbers were very comparable
to those of the two studies, David’s series demonstrated higher rates of
freedom from reoperation, with 96.9% at 10, 15, and 20 years. Lastly,
the incidence of IE after David reoperation warrants discussion. In
our cohort, one patient (1.6%) developed IE in the early postoperative
period and underwent reoperation one month after the initial surgery,
as noted above. In their report on late outcomes of the David procedure,
Manganiello et al.'! documented 5 endocarditis-related reoperations
among 19 valve-related reoperations within a 300-patient cohort.

Lastly, comparative studies between the David and Bentall procedures
have shown largely similar early and long-term outcomes. Leontyev
et al.l¥ reported comparable perioperative and late results but a
higher incidence of major bleeding in the Bentall group. Similarly,
Svensson et al.®l found no significant differences in 10-year survival
or reintervention rates, though severe Al was more frequent after
the David procedure in 8 years. A recent meta-analysis by Formica et
al.® further demonstrated lower early mortality and stroke rates with
the David procedure but higher reoperation rates within the first five
years.The David procedure can be safely performed in patients with
aortic root aneurysms who have non-diseased or repairable aortic
valve leaflets, yielding excellent early and late outcomes. High-volume
centers and experienced surgeons are essential for achieving optimal
results, given the procedure’s technical complexity and the need for a
high level of expertise. This study is limited by its retrospective design,
single-center and single-surgeon experience, and a relatively small
cohort size. Although our follow-up extends to 10 years, longer-term
data from larger series in the literature—exceeding 20 years—may
provide broader generalizability.
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ABSTRACT

Objectives: Abdominal aortic aneurysm carries a substantial risk of rupture, and no drug therapy has yet been validated to slow aneurysm enlargement.
Colchicine, an established anti-inflammatory agent with proven benefit in coronary artery disease, may also modulate vascular remodeling. This study
evaluated the impact of colchicine on geometric and histopathological changes in a calcium phosphate (CaP0,)-induced rat model of abdominal aortic
aneurysm.

Methods: Twenty-two male Wistar albino rats were randomized into three groups: Sham-operated controls (n=6), CaP0,-induced abdominal aortic aneurysm
(aneurysm, n=8), and CaPO,~induced abdominal aortic aneurysm treated with colchicine (n=8). Experimental aneurysms were induced by periadventitial
application of 0.5 mol/L calcium chloride and phosphate-buffered saline to the infrarenal aorta. The treatment group received colchicine 0.5 mg/kg/day for
30 days. On day 30, morphometric measurements of lumen diameter and aortic cross-sectional area, together with semiquantitative histological scores for
Caspase-3, Caspase-9, elastic fiber fragmentation, and calcium accumulation, were obtained.

Results: Compared with sham animals, aneurysm rats exhibited marked increases in lumen diameter and aortic area, higher Caspase-3 and Caspase-9
expression, pronounced elastin fragmentation, and greater calcium deposition. Colchicine significantly reduced lumen diameter and aortic area versus
untreated aneurysm rats and lowered Caspase-3 and Caspase-9 scores while attenuating elastin fragmentation. In contrast, calcium scores remained elevated
in both aneurysm and colchicine groups relative to sham, without a significant difference between the two aneurysm groups.

Conclusion: Colchicine partially limited early aneurysmal remodeling by improving geometric parameters and mitigating apoptosis and elastin degradation,
whereas vascular calcification was not substantially modified. These data support further investigation of colchicine as a potential adjunctive therapy in
abdominal aortic aneurysm.

Keywords: Abdominal aortic aneurysm, colchicine, calcium phosphate model, elastin degradation, apoptosis.
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Abdominal aortic aneurysm (AAA) is a progressive dilation of the
abdominal aorta associated with a high risk of rupture and mortality.
Despite major advances in surgical and endovascular management,
there remains no approved pharmacological therapy capable of
effectively preventing aneurysm expansion.! This therapeutic gap
has directed attention toward anti-inflammatory and tissue-protective
agents targeting the molecular mechanisms of aneurysm formation.?

The pathogenesis of AAA involves chronic inflammation, degradation
of extracellular matrix components (particularly elastin), loss and
apoptosis of vascular smooth muscle cells, and medial calcification.?4
Calcium-phosphate-based experimental models in rodents reproduce
these features rapidly and reproducibly, making them useful for
evaluating potential pharmacological interventions.”) Such models
demonstrate accelerated aneurysmal dilatation, elastin fragmentation,
macrophage infiltration, and calcium deposition within a short
experimental window.

Colchicine is a long-established anti-inflammatory alkaloid that acts by
disrupting microtubule polymerization and thereby suppressing various
inflammatory processes. Through its cytoskeletal effects, colchicine can
reduce leukocyte migration, attenuate oxidative stress, and stabilize
vascular tissue responses to injury.®” In addition to its traditional
clinical indications such as gout and pericarditis, low-dose colchicine
has demonstrated cardiovascular benefits by reducing systemic
inflammation and improving vascular outcomes in large randomized
controlled trials.®? These broad anti-inflammatory and cytoprotective
actions suggest that colchicine may also exert protective effects in the
development of AAA.

Therefore, this study aimed to investigate the effects of colchicine
on structural remodeling, elastin integrity, apoptosis, and medial
calcification in a calcium phosphate (CaPO,)-induced AAA model in rats.

METHODS

A total of 22 male Wistar albino rats weighing approximately 300 g
were used in this experimental study. Animals were housed in standard
laboratory conditions (22£2 °C, 55£10% humidity, 12-hour light/dark
cycle) with free access to food and water. All procedures were approved
by the Dokuz Eyliil University Animal Experiments Ethics Committee
(protocol no: 32/2021, date: 02.08.2021) and performed in accordance
with institutional and international guidelines for animal care. Rats
were randomly assigned into three groups:

Sham group (n=6): Surgical exposure without aneurysm induction.
AAA group (n=8): Calcium phosphate-induced aneurysm.

Drug group (AAA + colchicine treatment group) (n=8): Aneurysm
induction followed by colchicine therapy.

Surgical Procedure

Anesthesia was induced by intraperitoneal administration of ketamine
(50 mg/kg) and xylazine (10 mg/kg). After sterile preparation, a midline
laparotomy was performed, and the infrarenal abdominal aorta
was exposed by gentle retroperitoneal dissection. Experimental AAA
performed in the AAA group and drug group was created using the
modified CaPO, periadventitial injury technique. The exposed aorta was
first wrapped with a sterile sponge saturated with 0.5 mol/L CaCl, for 10
minutes, followed by application of a phosphate buffered saline-soaked

sponge for 5 minutes, promoting localized CaPO, crystal formation and
medial injury.

In the Sham group, the same procedure was performed using a 0.9%
NaCl-soaked sponge for 15 minutes. After application, the abdomen was
closed in layers and animals were monitored until recovery.

Rats in the treatment group received colchicine 0.5 mg/kg/day,
administered by oral gavage once daily beginning on the day of
aneurysm induction and continued throughout the 30-day follow-up
period, as specified in the approved ethical protocol. Sham and AAA
groups did not receive any pharmacological treatment.

Tissue Collection and Processing

On postoperative day 30, all rats were re-anesthetized using the
same ketamine-xylazine protocol as for the index surgery. A midline
laparotomy was reopened, and the infrarenal abdominal aorta,
including the segment subjected to periadventitial chemical injury,
was carefully dissected free from surrounding tissues and excised en
bloc. Animals were then euthanized by exsanguination under deep
anesthesia.

The harvested aortic specimens were immediately immersed in 10%
neutral buffered formalin and fixed for 48-72 hours. After fixation,
tissues were dehydrated through graded ethanol, cleared in xylene,
and embedded in paraffin blocks according to routine histological
procedures. Transverse sections of 5 um thickness were obtained using
a rotary microtome and mounted on poly-L-lysine-coated glass slides
for histological and immunohistochemical evaluation.

Histopathological and Immunohistochemical Evaluation

For general structural assessment and morphometric measurements,
sections were stained with hematoxylin&eosin (H&E). Two additional
special stains were used for targeted evaluation of wall components:

Van Gieson’s staining was employed to visualize elastic fibers and to
grade elastic fiber fragmentation in the aneurysmal segment. Elastin
integrity was scored semiquantitatively on a four-point scale (1-4),
where higher scores indicated more pronounced disruption and loss of
elastic lamellae.

Alizarin Red staining was used to detect medial calcium deposition.
Calcification was evaluated semiquantitatively under light microscopy
and graded on a 0-3 scale, from no visible deposits (0) to extensive,
diffuse calcification involving large areas of the vessel wall (3).

Apoptoticactivity within the aortic wall was assessed immunohistochemically
using primary antibodies against Caspase-3 and Caspase-9. After antigen
retrieval and blocking of endogenous peroxidase, sections were incubated
with the primary antibodies, followed by a biotinylated secondary
antibody and a streptavidin-peroxidase detection system. The reaction
was visualized with a chromogenic substrate and counterstained with
hematoxylin.

Caspase-3 and  Caspase-9  immunoreactivity  was  scored
semiquantitatively on a 0-3 scale (0= no staining, 1= mild, 2= moderate,
3= strong and diffuse staining). Each slide was evaluated independently
by two observers who were blinded to group allocation, and the mean
of their scores was used for statistical analysis. The histopathological
outcomes reported in the manuscript (elastic fiber fragmentation,
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calcium accumulation, Caspase-3, and Caspase-9) correspond directly to
these scoring systems.

Morphometric Analysis

Morphometric measurements were performed on H&E-stained cross-
sections using a computer-assisted image analysis system (Image)
software, National Institutes of Health, Bethesda, MD, USA). For each
animal, images were acquired at standardized magnification from the
region of maximal dilation of the infrarenal aorta. At least three non-
overlapping sections per animal were analyzed, and the mean value
was used for further comparisons.

In line with the final study dataset, two primary morphometric
parameters were evaluated:

Lumen diameter-defined as the maximal internal diameter of the aortic
lumen measured perpendicular to the long axis of the vessel.

Aortic area-defined as the total cross-sectional area of the aortic wall
and lumen within the external contour of the vessel.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics for
Windows, Version 26.0 (IBM Corp., Armonk, NY, USA). Continuous
morphometric variables were assessed for normality using the Shapiro-
Wilk test and expressed as mean + standard deviation. Normally
distributed variables were compared among the three experimental
groups using One-Way Analysis of Variance. When a significant overall
difference was detected, pairwise group comparisons were performed
with Student’s t-test. Because the study had an exploratory design
and included a limited number of animals, no formal adjustment for
multiple pairwise testing was applied; therefore, raw p-values were
reported.

Histopathological scoring variables were evaluated as ordinal data
and summarized using the median with interquartile range. Group
differences were examined using the Kruskal-Wallis test. For parameters
demonstrating significant global differences, pairwise comparisons
were carried out with the Mann-Whitney U test. Similar to continuous
variables, no correction for multiple comparisons was used, and raw
p-values were presented. A p-value <0.05 was considered statistically
significant.

RESULTS

Lumen diameter differed significantly among the three groups. The
aneurysm group exhibited a notable increase in lumen diameter
compared with the sham group (p=0.005), consistent with aneurysmal
dilatation following CaPO,-induced injury. Colchicine treatment
substantially limited this enlargement, resulting in significantly smaller
lumen diameters relative to untreated aneurysm rats (p<0.001). No

significant difference was observed between the sham and colchicine
groups (p=0.195).

Aortic area showed a similar pattern. Aneurysm formation led to
a marked increase in aortic area compared with the sham group
(p<0.001). Colchicine-treated rats demonstrated significantly smaller
aortic areas than untreated aneurysms (p<0.001). All pairwise
comparisons among the three groups reached statistical significance
(p<0.001 for all), indicating clear differences in structural expansion
across conditions (Table 1).

Caspase-3 expression was considerably higher in the aneurysm group
compared with the sham group (p=0.001). Colchicine treatment
reduced Caspase-3 levels significantly when compared with untreated
aneurysm animals (p=0.003). A significant difference was also present
between the sham and colchicine groups (p=0.019).

Caspase-9 scores increased markedly following aneurysm induction,
with significantly higher values in the aneurysm group than in the sham
group (p=0.002). Colchicine administration resulted in significantly
lower Caspase-9 scores compared with untreated aneurysms (p=0.006).
The sham and colchicine groups also differed significantly (p=0.009).

Elastic fiber fragmentation was substantially greater in the aneurysm
group than in the sham group (p=0.001). Colchicine treatment
attenuated elastin  degradation, producing significantly lower
fragmentation scores than those seen in untreated aneurysm animals
(p<0.001). The sham versus colchicine comparison showed a trend
toward increased fragmentation in the treatment group but did not
reach statistical significance (p=0.058).

Aneurysm induction resulted in increased calcium accumulation, with
significantly higher scores in the aneurysm group compared with the
sham group (p=0.003). Colchicine-treated rats displayed higher calcium
levels than shams (p=0.015). However, no statistically significant
difference was detected between the aneurysm and colchicine groups
(p=0.116) (Table 2, Figure 1).

DISCUSSION

In this experimental study, we investigated the effects of colchicine on
structural and histopathological alterations in a calcium phosphate-
induced AAA model in rats. The principal findings of our study were
that colchicine attenuated aneurysmal dilatation, limited aortic wall
expansion, reduced apoptotic activity, and mitigated elastic fiber
degradation. These results collectively suggest that colchicine exerts
a measurable protective influence on the aortic wall during CaPO,
induced aneurysm formation.

The marked differences observed in lumen diameter and aortic area
across the experimental groups indicate that structural remodeling
occurred rapidly in this CaPO,-induced model. The finding that

Table 1. Morphometric comparison

Parameter Sham Aneurysm Drug p-values
ANOVA | Sham-aneurysm Sham-drug | Aneurysm -drug
Lumen diameter 651.75+93.23 788.57£56.05 581.70195.31 <0.001 0.005 0.195 <0.001
Aortic area 434068.55+81284.07 835417.32428269.16 | 626651.69175027.21 <0.001 <0.001 <0.001 <0.001
Morphometric parameters were expressed as mean + standard deviation. Group differences were evaluated using One-Way Analysis of Variance (ANOVA). Pairwise comparisons were performed with
Student’s t-test. Significant p-values are shown in bold. A p-value <0.05 was considered statistically significant.
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Table 2. Comparison of histopathological scores

10

Parameter Comparison Group 1 median (Q1-Q3) Group 2 median (Q1-Q3) p-value
Sham vs. aneurysm 1.0 (1.0-1.0) 3.0 (2.75-3.0) 0.001
Caspase-3 Sham vs. drug 1.0 (1.0-1.0) 2.0 (1.0-2.0) 0.019
Aneurysm vs. drug 3.0 (2.75-3.0) 2.0 (1.0-2.0) 0.003
Sham vs. aneurysm 0.5(0.0-1.0) 3.0 (2.0-3.0) 0.002
Caspase-9 Sham vs. drug 0.5(0.0-1.0) 2.0 (1.0-2.0) 0.009
Aneurysm vs. drug 3.0 (2.0-3.0) 2.0 (1.0-2.0) 0.006
Sham vs. aneurysm 1.0 (1.0-1.0) 3.0 (3.0-4.0) 0.001
Elastic fiber fragmentation Sham vs. drug 1.0 (1.0-1.0) 1.5 (1.0-2.0) 0.058
Aneurysm vs. drug 3.0 (3.0-4.0) 1.5(1.0-2.0) <0.001
Sham vs. aneurysm 0.5(0.0-1.0) 2.0(2.0-3.0) 0.003
Calcium accumulation Sham vs. drug 0.5(0.0-1.0) 1.5(1.0-2.0) 0.015
Aneurysm vs. drug 2.0(2.0-3.0) 1.5(1.0-2.0) 0.116
Pairwise comparisons of apoptotic markers (Caspase-3 and Caspase-9), elastic fiber fragmentation, and calcium accumulation among Sham, aneurysm, and drug-treated groups. Data are expressed as
median (Q1-Q3). Comparative analyses were performed using the Mann-Whitney U test. Multiple comparison adjustment was not applied due to the exploratory nature of the study. A p-value <0.05
was considered statistically significant.

B Groups Aneurysm

C Drug

H/E

Alizarin red

Van gieson

Figure 1. Histological sections of groups (hematoxylin&eosin stain, 40X) A1- Sham group, B1- Aneurysm group, C1- Drug group. Histological sections
of groups (alizarin red stain, 40X): A2- Sham group, B2- Aneurysm group, C2- Drug group. Calcium accumulation in the groups is shown in the square.
Histological sections of groups (Van Gieson stain, 40X): A3: Sham group, B3- Aneurysm group, C3- Drug group. Deteriorations in elastic fibers in the

tunica media layer were seen with the black arrov.

colchicine-treated animals exhibited values closer to physiological
dimensions suggests that the drug may interfere with the processes
driving pathological wall expansion. Similar attenuation of aneurysmal
growth with colchicine has been reported in recent preclinical studies,
supporting the notion that pharmacological intervention can modify
early aneurysmal remodeling of the aortic wall.' Nevertheless,
contrasting findings also exist, and some models have shown limited
structural response to colchicine treatment, highlighting that its effects
may vary depending on the underlying mechanism of aneurysm
induction.l"

Aneurysm induction resulted in marked elastic fiber fragmentation,
reflecting the early deterioration of medial architecture typical of

experimentally induced AAAs.['! Preservation of elastin is fundamental
to maintaining aortic wall stability.™ In the present study, colchicine-
treated animals demonstrated substantially lower elastin fragmentation
scores compared with untreated aneurysm rats, suggesting that the drug
may exert a stabilizing effect on the medial layer of the vessel wall. This
aligns with recent reports indicating that elastin degradation is a critical
driver in aneurysm progression and that pharmacological modulation
of inflammatory and proteolytic pathways may help preserve medial
elastin structure.

Apoptotic signaling is regarded as an important contributor to structural
deterioration in AAA, and experimental models consistently demonstrate
increased activation of caspase-dependent pathways in aneurysmal
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segments.™ In our study, aneurysm induction was associated with
higher Caspase-3 and Caspase-9 scores, indicating activation of intrinsic
apoptotic mechanisms within the aortic wall. Colchicine treatment
reduced both caspase markers, implying a potential attenuation of
apoptotic activity in the aortic tissue. These findings are in line with
previous reports showing that modulation of apoptosis-related pathways
can influence the structural trajectory of aneurysm development
without necessarily restoring cellularity itself.'>1l

Calcium deposition increased markedly after aneurysm induction
in our model, consistent with prior work showing that medial
mineralization accompanies chemically induced aortic injury and
structural degeneration.['8 In the present study, colchicine-treated
animals demonstrated calcium scores that were significantly higher
than those of sham rats and only modestly lower than those of
untreated aneurysm animals, with no statistically significant difference
between the latter two groups. These findings suggest that colchicine
did not substantially influence early vascular calcification within the
30-day observation period, possibly because mineral deposition may
progress relatively independently of short-term anti-inflammatory or
cytoskeletal-modulating treatments in this model.

Colchicine has regained prominence in recent years following major
cardiovascular outcome trials. Studies in patients with myocardial
infarction and in those with stable coronary artery disease have
demonstrated that colchicine significantly reduces major adverse
cardiovascular events, thereby increasing interest in applying the drug
to other chronic vascular pathologies.? In recent years, colchicine
has also been investigated for AAA; several experimental studies have
suggested that it may slow aneurysm development, often through
mechanisms involving attenuation of cellular stress responses,
preservation of elastic fiber integrity, or reduction of inflammasome-
related signaling.l'®2'22] However, not all studies have shown consistent
results, and some experimental models have reported no significant
suppression of aneurysm expansion, implying that its efficacy may
depend on model type, treatment timing, and dosing regimen.['"]

Inthiscontext, thepresentCaPO,-inducedmodel providescomplementary
structural and histopathological insights into colchicine’s effects during
aneurysm formation. The smaller lumen diameters and reduced aortic
areas observed in the colchicine group, together with lower Caspase-3
and Caspase-9 scores and markedly decreased elastin fragmentation,
suggest that the drug may partially limit early structural deterioration.
In contrast, the lack of a significant reduction in calcium deposition
indicates that calcification in this model may be more resistant to
short-term colchicine treatment. Overall, these findings suggest that
colchicine may serve as an adjunctive pharmacological strategy aimed
at stabilizing the aneurysmal aortic wall, although its effects may not
extend uniformly across all components of AAA pathobiology.

This study has several limitations. First, mechanistic pathways were
not directly assessed, and therefore no conclusions can be drawn
regarding the molecular processes through which colchicine may
influence aneurysm remodeling. Second, only a single colchicine
regimen was evaluated, leaving the dose—response relationship and
the effects of alternative treatment schedules undetermined. Third,
the CaPO, model represents an acute chemically induced injury that
does not fully recapitulate the chronic and multifactorial nature of
human AAA, which may limit translational extrapolation. Finally, the
sample size was modest, reducing the power to detect more subtle
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differences between subgroups and warranting confirmation in larger
experimental cohorts.

In this experimental CaPO,-induced AAA model, colchicine treatment
was associated with reduced lumen diameter, smaller aortic area, lower
apoptotic activity, and attenuated elastin fragmentation compared with
untreated aneurysm animals. These findings suggest that colchicine
can mitigate early structural deterioration of the aortic wall, although
mineralization remained largely unaffected. While the mechanistic
basis of these effects was not directly assessed, the overall pattern
supports a potential role for colchicine as an adjunctive strategy in
limiting early aneurysmal remodeling. Further studies incorporating
alternative dosing strategies, longitudinal assessment, and chronic AAA
models are needed to clarify its therapeutic relevance and translational
potential.
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ABSTRACT

Objectives: The inflammatory prognostic index (IPI), a composite biomarker incorporating C-reactive protein (CRP), neutrophil-to-lymphocyte ratio (NLR),
and serum albumin (ALB), has recently emerged as a marker of systemic inflammation. This study aimed to investigate the predictive capacity of IPI for early
adverse outcomes following carotid artery surgery. A retrospective cohort study was conducted in a single tertiary center.

Patients and methods: Medical records of 286 patients who underwent carotid artery surgery between January 2021 and December 2024 were retrospectively
reviewed. Patients were stratified into two groups according to early postoperative outcomes: those with adverse events (major cerebrovascular accident,
myocardial infarction, or 30-day mortality) and those without. Preoperative CRP, NLR, and ALB levels were collected to calculate the IPI using the formula
(CRPXNLR)/ALB. Comparative analyses were performed between groups. Multivariate logistic regression identified independent predictors of adverse outcomes,
and receiver operating characteristic (ROC) analysis was used to determine the optimal IPI cut-off point.

Results: Adverse outcomes were observed in 20 patients (7%). The adverse group showed significantly higher IPI and CRP values, along with lower serum ALB
levels, compared to the favorable group. In multivariate analysis, IPI emerged as the only independent predictor of adverse outcomes. ROC analysis identified
an IPI threshold of 0.27, which predicted adverse outcomes with high sensitivity but moderate specificity.

Conclusion: This study is the first to demonstrate that IPI is an independent predictor of early adverse outcomes following carotid artery surgery. Given its
simplicity and cost-effectiveness, IPI may serve as a practical biomarker for preoperative risk stratification and clinical decision-making in vascular surgery

Keywords: Inflammatory prognostic index, biomarker, poor outcome, carotid artery surgery.

targets, however, is challenged by the lack of standardized tools capable
of reliably predicting adverse outcomes following the procedure.

Carotid artery surgery (CAS), remains a cornerstone in the management
of significant carotid artery stenosis, aiming to reduce the risk of
ischemic stroke—one of the leading causes of morbidity and mortality
worldwide.l' Approximately one-third of ischemic strokes are attributed
to carotid artery stenosis.) While CAS is an effective strategy for stroke
prevention, it is not without risks. In high-risk patients, the incidence of

Atherosclerosis is widely recognized as a chronic inflammatory process.
Bl The formation and progression of atherosclerotic plaques are largely
governed by inflammatory and immune mechanisms.Fl Numerous

postoperative stroke or death can exceed 10%.5*! To optimize the risk-
benefit ratio of CAS, guidelines recommend maintaining perioperative
(intraoperative and postoperative) stroke or death rates below 6% for
symptomatic and 3% for asymptomatic patients."! Achieving these

biomarkers reflecting systemic inflammation and immune status have
been shown to be associated with outcomes following oncologic and
cardiovascular surgery.®” Among these, complete blood count-derived
markers such as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-

University, Bursa, Tuirkiye

Address for Correspondence: Hakan Giiven, MD, Anesthesia Program, Department of Cardiovascular Surgery, Medical Park Bursa Hospital, Mudanya

E-mail: hakanguven@hotmail.com ORCID ID: orcid.org/0000-0001-6326-663X

Cite this article as: Giiven H, Cetintas D. The predictive value of the inflammatory prognostic index (IPI) for early adverse outcomes following carotid

artery surgery. Cardiovasc Surg Int. 2026;13(1):13-19

Copyright© 2026 The Author(s). Published by Galenos Publishing House on behalf of the Turkish Society of Cardiovascular Surgery.
This is an open access article under the Creative Commons Attribution-NonCommercial 4.0 (CC BY-NC) International License.

13


https://orcid.org/0000-0001-6326-663X
https://orcid.org/0009-0002-9456-3797

14

Guven H and Cetintas D. The predictive value of the inflammatory prognostic index (IPI) for early adverse outcomes following carotid artery surgery

lymphocyte ratio (PLR), and systemic immune-inflammation index (SII)
have demonstrated potential prognostic value for predicting outcomes
in vascular surgery, including CAS.[68

The inflammatory prognostic index (IPI), a novel composite marker
combining C-reactive protein (CRP), NLR, and serum albumin (ALB)
levels, has recently emerged as a promising prognostic tool.l"”! Calculated
as IPI = CRPXNLR/ALB, this index provides an integrative measure of
a patient’s inflammatory and immune status. Initially introduced by
Dirican et al." to predict prognosis in patients with non-small cell lung
cancer, the IPI has since demonstrated prognostic potential in various
clinical settings. For example, it has demonstrated prognostic potential
invarious cardiovascular conditions, such as new-onset atrial fibrillation,
mortality after coronary artery bypass grafting, and 90-day outcomes
after acute ischemic stroke (AIS).' Furthermore, the potential role of
IPI in vascular surgery has been evaluated, for example, in predicting
perioperative mortality after type A aortic dissection surgery.

However, while IPI has been investigated mainly in the context of long-
term survival or in relation to other inflammatory indices, its role in
predicting early adverse outcomes (within 30 days) following CAS has
not yet been investigated. Although a recent study highlighted the
prognostic potential of SII for early side effects following CAS,® the
potential of IPI to predict adverse outcomes after CAS, including similar
studies focused on inflammation, has not been investigated. This
knowledge gap underlines the necessity of further exploring the IPI as a
predictive tool for early complications after CAS.

The primary objective of this study is to investigate the role of
preoperative IPI levels in predicting early adverse outcomes (defined as
stroke, myocardial infarction [MI], or death within 30 days) in patients
undergoing CAS.

PATIENTS AND METHODS
Study Design and Patient Selection

This retrospective observational cohort study included 286 patients who
underwent CASforsignificant carotid artery stenosis at the department of
cardiovascular surgery of a tertiary referral hospital in Tiirkiye between
January 2021 and December 2024. The study enrolled adult patients
who underwent elective, first-time, isolated CAS with complete and
accessible medical records. Exclusion criteria included the absence or
incompleteness of medical data, emergency procedures, re-operations,
combined carotid and coronary artery surgeries, and the presence
of active infections, malignancies, hematological or immunological
disorders, as well as end-stage renal or hepatic diseases. Based on
postoperative outcomes, patients were categorized into two groups:
The adverse outcome group (n=20), comprising those who experienced
adverse events such as major cerebrovascular accident (CVA), M, or
30-day mortality, and the favorable outcome group (n=266). Clinical
data, including demographic characteristics, comorbidities, laboratory
test results, derived indices, intraoperative details, and postoperative
complications, were retrieved from the hospital’s electronic medical
records system, documented for analysis, and subsequently compared
between these two groups. Patients receiving preoperative antiplatelet
therapy (e.g., aspirin or clopidogrel) were enrolled, and bleeding/
hematoma rates were compared between patients receiving antiplatelet
therapy and those not receiving antiplatelet therapy.

Ethical approval for the study was obtained from the University of
Health Sciences Turkiye, Bursa City Hospital Scientific Research Ethics
Committee (approval number: 2025-2/6, date: 22.01.2025). The
study was performed in accordance with the ethical principles of the
Declaration of Helsinski.

Preoperative Management

The indications for surgical intervention were defined as the presence
of >50% internal carotid artery (ICA) stenosis in symptomatic patients
and >70% ICA stenosis in asymptomatic patients, following the criteria
established by the North American Symptomatic Carotid Endarterectomy
(CAS) Trial and the Society for Vascular Surgery guidelines.>" The degree
of ICA stenosis was initially assessed through color Doppler ultrasound
and subsequently confirmed using advanced angiographic techniques,
including computed tomography angiography and digital subtraction
angiography. All patients scheduled for surgery were prescribed 100
mg/day of oral acetylsalicylic acid (ASA) as an antiplatelet therapy prior
to the procedure.

Surgical Technique

All surgical procedures were performed under general anesthesia with
intraoperative monitoring using near-infrared spectroscopy. An oblique
incision was made along the anterior border of the sternocleidomastoid
muscle. After exposing the carotid bifurcation, the common carotid
artery (CCA), ICA, and external carotid artery (ECA) were isolated using
vascular tapes. These arteries were visually inspected, and clamps
were applied sequentially (ICA, CCA, and ECA) following intravenous
administration of heparin at a dose of 150 1U/kg, targeting an activated
clotting time of >250 seconds. Depending on the surgeon’s preference,
different surgical techniques were employed, including conventional
CAS with either Dacron or saphenous vein patch closure, primary
closure (without patch), traditional or modified eversion CAS, and
saphenous vein graft bypass or interposition for the ICA. Upon removal
of the atherosclerotic lesion, the clamps were released in reverse
order (ECA, CCA, and ICA). Protamine was administered intravenously
to neutralize heparin. Hemostasis was achieved, and the wound was
closed in standard fashion. The effect of surgical techniques on clinical
outcomes was evaluated by statistical analysis

Postoperative Management and Follow-up

Following surgery, all patients were initially monitored in the intensive
care unit (ICU). In the absence of major complications, they were
transferred to the general ward on the first postoperative day. Dual
antiplatelet therapy, consisting of 100 mg/day ASA and 75 mg/day
clopidogrel, was initiated six hours postoperatively in the absence of
significant bleeding. Discharged patients were scheduled for routine
follow-up visits at one week, then at one, two, three, six, and twelve
months, and annually thereafter. At each visit, patients underwent
physical examination and routine Doppler ultrasonography. Patients
were monitored for at least 30 days postoperatively, except for those
who experienced mortality.

Laboratory Analysis

Blood samples were collected after a minimum of six hours of
fasting, using vacutainers for peripheral venous access. The collected
samples were placed in tubes containing anticoagulants and
promptly transported to the laboratory. Automated biochemical and
hematological analyzers were utilized to measure the laboratory
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parameters, which included glucose, hemoglobin Alc, total cholesterol,
low-density lipoprotein (LDL) cholesterol, triglycerides, ALB, CRP,
hemoglobin, hematocrit, platelet count, white blood cell count,
neutrophil count, and lymphocyte count. In addition, several derived
indices were calculated: The NLR, PLR, systemic immune-inflammation
index (SI), and IPI. Given that composite inflammatory indices are
derived from basic laboratory parameters, alternative multivariable
model structures were explored during the analysis phase. These
included models incorporating clinical variables combined with a single
inflammatory index. The final model was selected based on clinical
relevance and overall model performance. SIl was calculated using the
formula “plateletxNLR”, while IPI was determined as “CRPXNLR/ALB”.

Statistical Analysis

Data analysis was conducted using IBM SPSS Statistics version 24 (IBM
Corp., Armonk, NY, USA). The normality of distribution for continuous
variables was assessed using the Shapiro-Wilk test. Continuous variables
that followed a normal distribution were compared between groups
using the Student’s t-test, while the Mann-Whitney U test was employed
for variables that did not follow a normal distribution. Categorical
variables were analyzed using the chi-square test. Variables identified
assignificant in univariate analysis (p<0.1) were further evaluated using
multivariate logistic regression to identify independent predictors of
poor outcomes. Receiver operating characteristic (ROC) curve analysis
was performed to determine the optimal cut-off value(s) for significant
variables, with sensitivity and specificity values calculated based on the
area under the curve (AUC). To assess potential multicollinearity among
variables included in the multivariable logistic regression model,
variance inflation factor (VIF) values were calculated. A VIF value <5
was considered indicative of the absence of significant multicollinearity.

Given the shared components among inflammatory indices, IPI
was retained in the final model due to its superior discriminatory
performance.

Normally distributed continuous variables were presented as mean +
standard deviation, whereas non-normally distributed variables were
reported as median (minimum-maximum). Categorical variables were
expressed as numbers (percentages). A p-value of less than 0.05 was
considered statistically significant.

RESULTS

In this study, the overall population had a mean age of 65.9£8.7 years
(ranging from 42 to 88 years), with 36% of the participants being female.
Among the cohort, 63% had a history of previous cerebrovascular events
(CVE), including amaurosis fugax, transient ischemic attack, and minor
or major stroke. Contralateral ICA occlusion was present in 13 patients
(4.5%). The overall incidence of the composite 30-day adverse outcome
was 7% (20 out of 286 patients). The primary poor outcomes assessed in
this study were major CVA, MI, and mortality, which were observed in
13, 2, and 5 patients, respectively.

Comparative analysis of the preoperative demographic and clinical
characteristics between the adverse outcome group and the favorable
outcome group demonstrated no statistically significant differences
for any of the assessed parameters, indicating that the groups were
comparable in terms of baseline characteristics (Table 1).

When intraoperative and postoperative variables were analyzed, the
median lengths of stay in the ICU and the overall hospital stay were
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significantly longer in the adverse outcome group compared to the
favorable outcome group. Prolonged ICU and hospital stays were
observed as a consequence of major postoperative complications
and were not included as predictive variables in the risk assessment
analyses.

No significant differences were identified between the two groups for
any other intraoperative or postoperative variables assessed (Table 2).

Table 1. Preoperative basic demographic and clinical characteristics

Adverse Favorable
Variable outcome outcome group p-value
group (n=20) (n=266)
Age (year) 67.1£6.4 65.8+8.9 0.380
Gender (female) 7 (35%) 96 (36%) 0.922
Weight (kg) 81.3%£153 76.6£14.5 0.201
Height (cm) 170.0+4.8 170.5£5.1 0.658
BMI (kg/m?) 28.1£5.2 26.4%5.1 0.162
Smoking 8 (40%) 92 (35%) 0.624
Antiplatelet therapy (%) 9 (45%) 82 (39 %) 0.312
HT 14 (70%) 159 (60%) 0.367
DM 9 (45%) 112 (42%) 0.800
HL 8 (40%) 96 (36%) 0.726
CAD 11 (55%) 127 (48%) 0.531
PAD 6 (30%) 52 (20%) 0.262
CoPD 2 (10%) 16 (6%) 0.479
Previous CVE 15 (75%) 164 (62%) 0.234
Contralatgral ICA 2 (10%) 11 (4%) 0.225
occlusion
BMI: Body mass index; CAD: Coronary artery disease; COPD: Chronic obstructive pulmonary
disease; CVE: Cerebrovascular event; DM: Diabetes mellitus; HL: Hyperlipidemia; HT:
Hypertension; ICA: Internal carotid artery; PAD: Peripheral artery disease.

Table 2. Intraoperative and postoperative data

Adverse Favorable
Variable outcome outcome group | p-value
group (n=20) (n=266)
Clamp time (min) 24 (13-75) 24 (10-90) 0.905
Operation time (min) 58 (45-142) 60 (32-197) 0.762
Duration of ICU stay (hour) 180 (48-360) 18 (4-72) <0.001
Duration of hospital stay (day) 12 (2-32) 4(2-10) <0.001
Vocal cord paralysis 1 (5%) 7 3%) 0.536
Bleeding/hematoma 0 (0%) 14 (5%) 0.293
Major CVA 13 (65%) 0 (0%) NS
Ml 2 (10%) 0 (0%) NS
30-day mortality 5 (25%) 0 (0%) NS
Surgical techniques 0.896
CEA with patch 10 (%50) 130 (48.9%)
CEA without patch 6 (30%) 77 (28.9%)
Eversion 3 (15%) 37 (13.9%)
Saphenous vein graft 1(5%) 22 (8.3%)

CVA: Cerebrovascular accident; ICU: Intensive care unit; MI: Myocardial infarction; CEA: Carotid

Endarterectomy; NS: Not specified.
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Evaluation of the laboratory test results and derived indices revealed
that the mean serum ALB level was significantly lower, while the
median values of CRP and the IPI were significantly higher in the
adverse outcome group compared to the favorable outcome group. No
other laboratory parameters showed statistically significant differences
between the two groups (Table 3).

Following the univariate analysis, variables with p values less than
0.1 were considered potential risk factors and were included in the
multivariate logistic regression analysis. In this regression model,
only IPI retained statistical significance as an independent predictor
of poor outcome, while other variables were excluded due to lack of
significance. VIF analysis demonstrated no significant multicollinearity
among the included variables, with all VIF values remaining below the
predefined threshold (Table 4).

Table 3. Laboratory parameters

Adverse Favorable
Variable outcome outcome group | p-value
group (n=20) (n=266)

Glucose (mg/dL) 116.9+25.1 117.4+22.1 0.941
Hemoglobin Alc (%) 6.0+1.0 6.1+1.0 0.686
Total cholesterol (mg/dL) 207.7+46.0 196.3+49.8 0.334
LDL cholesterol (mg/dL) 13114243 130.9434.9 0.968
Triglyceride (mg/dL) 178.4+68.3 170.6+62.4 0.627
Albumin (g/L) 37.0%£4.9 42.116.4 <0.001
CRP (mg/L) 4.5(1.4-16.3) 2.8(0.3-31.6) 0.004
Hemoglobin (g/dL) 12.7+2.0 12.6+1.9 0.952
Hematocrit (%) 38.416.2 38.5£8.1 0.966
Platelet count (10%/uL) 274.2+104.7 264.9197.8 0.702
WBC count (10°*/uL) 9.3£3.0 8.2125 0.116
Neutrophil count (10°/uL) 6.712.5 5.6%£1.9 0.085
Lymphocyte count (10%/uL) 1.3+£0.7 1.4+0.8 0.393
NLR 5.5(2.2-16.6) 4.0 (1.1-25.6) 0.061

PLR 248 (73-694) 203 (33-1461) 0.325

sl 142?;0(;‘;)6_ 1067 (189-6930) | 0.070

IPI 0.73 (0.13-3.43) 0.26 (0.02-4.00) <0.001

CRP: C-reactive protein; IPI: Inflammatory prognostic index; LDL: Low-density lipoprotein; NLR:

Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; SII: Systemic immune-
inflammation index; WBC: White blood cell.

ROC curve analysis identified an IPI cut-off value of 0.27 as the optimal
threshold for predicting poor outcomes, with a sensitivity of 85% and a
specificity of 48% (AUC=0.767 [95% confidence interval: 0.666-0.869)])
(Figure 1).

DISCUSSION

Our study demonstrates that the IPI is a significant prognostic biomarker
for predicting early adverse outcomes following CAS. IPI, which
integrates CRP, NLR, and serum ALB levels, provides a comprehensive
reflection of the patient’s inflammatory and immune response. Our
findings revealed that higher IPI values were significantly associated
with poor outcomes (p<0.001). Specifically, the median IPI value was
0.73 (0.13-3.43 in the adverse outcome group, compared to 0.26 (0.02-
4.00) in the good outcome group.

Our analysis showed that traditional risk factors, including age, gender,
body mass index, smoking status, hypertension (HT), diabetes mellitus,
hyperlipidemia, coronary artery disease, peripheral artery disease,
and chronic obstructive pulmonary disease, did not significantly
differentiate between patients with poor and good outcomes (p>0.05).
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Figure 1. Receiver operating characteristic (ROC) curve analysis.

Table 4. Multivariate logistic regression analysis to determine the independent predictors

Variable Beta Standard error Wald Expected beta ek Ll o ex?::::g 1 [ p-value
Neutrophil 0.444 0.865 0.264 1.560 0.286-8.494 0.607
NLR 0.000 0.171 0.000 1.000 0.716-1.397 0.999
SII 0.000 0.000 0.085 1.000 0.999-1.001 0.771
CRP 0.073 0.107 0.459 1.075 0.871-1.327 0.498
Albumin 0.227 0.125 3.324 1.255 0.983-1.603 0.068
IPI -0.189 0.056 11.329 0.828 0.742-0.924 0.001

Cl: Confidence interval; CRP: C-reactive protein; IPI: Inflammatory prognostic index; NLR: Neutrophil-to-lymphocyte ratio; SII: Systemic immune-inflammation index.
Variance inflation factor values for all variables included in the model were <5.
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For instance, the prevalence of HT was 14 (70%) in the adverse outcome
group versus 14 (70%) in the good outcome group (p=0.367). This
finding indicates that conventional risk factors may be limited in
predicting individual patient outcomes, highlighting the potential
of inflammatory biomarkers to bridge this gap. The comparison of
bleeding and hematoma rates according to preoperative antiplatelet
therapy was included as a secondary safety analysis, given the routine
use of antiplatelet agents in patients undergoing CAS. The proportion
of patients receiving preoperative antiplatelet therapy was 31% (82/266)
in the favorable outcome group and 45% (9/20) in the adverse outcome
group (p=0.312, Table 1). In our cohort, preoperative antiplatelet therapy
was not associated with an increased risk of bleeding or hematoma
formation (p=0.293, Table 2). This finding should be interpreted as
descriptive and exploratory, and it does not suggest any modification of
current perioperative antiplatelet management strategies.

In our study, there is no statistically significant difference was found
between patients in the adverse outcome group (n=20) and the good
outcome group (n=266) in terms of carotid clamp time (median 24
[13-75] min vs. median 24 [10-90] min, p=0.905) and operative time
(median 58 [45-142] min vs. median 60 [32-197] min, p=0.762). We also
evaluated the impact of different surgical techniques (conventional
carotid endarterectomy, patch closure, eversion techniques, and
saphenous vein grafting) on clinical outcomes. Although no significant
difference was found between techniques (0.896, Table 2), the potential
impact of this factor on outcomes cannot be excluded. Future studies
should further examine the prognostic value of surgical techniques
in conjunction with IPl. However, regarding other perioperative and
postoperative outcomes, ICU stay (median 180 [48-360] hours) and
hospital stay (median 12 [2-32] days) were found to be statistically
significantly longer in the adverse outcome group. This suggests that
major complications that constitute the definition of adverse outcome
(major CVA 65%, MI 10%, 30-day mortality 25%- seen only in the adverse
outcome group) result in patients staying in the ICU and hospital for
longer periods. The significantly longer ICU and hospital stays observed
in the adverse outcome group should be interpreted as downstream
consequences of major postoperative complications rather than as
preoperative or intraoperative predictors. This temporal distinction
is essential to avoid misinterpretation of length-of-stay variables as
causative factors.

Chronic systemic inflammation is known to play a pivotal role in the
pathogenesis of atherosclerosis and vascular diseases.” Numerous
studies have reported the prognostic value of inflammatory markers
in predicting adverse outcomes following CAS.'®'71 Although major
CVA and MI have different pathophysiological mechanisms, both are
influenced by the inflammatory nature of atherosclerosis. As composite
indices integrate multiple inflammatory and nutritional parameters,
they were interpreted as summary markers rather than independent
substitutes for their individual components. As an indicator of systemic
inflammation and immune status, IPl may reflect the common
inflammatory pathways of these complications.l"® Therefore, IPI is
thought to offer prognostic value for both conditions. In our univariate
analysis, ALB level was found to be significantly lower in the adverse
outcome group (p<0.001). ALB is a negative acute phase reactant
that decreases in the inflammatory response and has been reported
to affect the prognosis of AIS."l The median value of CRP was found
to be significantly higher in the adverse outcome group (p=0.004).

Cardiovasc Surg Int 2026;13(1):13-19

CRP is a well-known positive acute phase reactant of inflammation
and is associated with the risk of cardiovascular events."?% According
to the univariate analysis results, many other laboratory parameters
such as glucose, HbA1c, total cholesterol, LDL cholesterol, triglyceride,
hemoglobin, hematocrit, platelet count, leukocyte count, lymphocyte
count, NLR, PLR and SII did not show any statistically significant
difference between the two groups (p>0.05).

The most critical finding is the multivariate analysis result. In
multivariate analysis, only IPI was found to be a significant and
independent predictor of adverse outcome (p=0.001), while other
markers with univariate significance or p<0.1, including CRP and ALB,
lost their statistically significance. This result indicates that IPI (as an
index combining CRP, NLR and ALB) can independently predict early
poor outcomes after CAS better than markers such as CRP or ALB
alone or other derived indices such as SIlI, and the association of the
components of IPl with inflammatory status supports the linkage of
inflammation with postsurgical outcomes.

ROC curve analysis was used to evaluate the prognostic performance of
IPI'in predicting early poor outcomes after CEA. The AUC value obtained
was 0.767, indicating that IPI has a moderate discriminatory power. The
determined cut-off value of 0.27 can correctly identify the majority of
patients with poor outcomes with a sensitivity of 85%. The identified
IPI cut-off value demonstrated high sensitivity but limited specificity,
indicating that while it may be useful as a screening tool for early risk
identification, it is not suitable as a standalone marker for guiding
major perioperative clinical decisions. Instead, IPI should be integrated
with established clinical, radiological, and procedural factors to support
comprehensive perioperative risk assessment. However, the specificity
of this cut-off value was found to be 48%, indicating that approximately
half of the patients without poor outcomes could be classified as false
positives.

These findings reveal that IPI has a high sensitivity and low specificity
profile. Such a marker may have clinical value as a screening tool,
especially for the early identification of high-risk patients. However, the
high false positive rate due to low specificity may limit the use of IPI as
a sole decision-making tool and suggest that it should be supported by
more specific tests.

Although postoperative adverse events following CAS are predominantly
influenced by mechanical and procedural factors—including plaque
manipulation,embolic phenomena, and perioperative hypoperfusion—
systemic inflammation may contribute indirectly by reflecting overall
patient vulnerability and impaired physiological reserve. In this
context, the IPI should not be interpreted as a mechanistic driver of
postoperative complications, but rather as a composite marker of
systemic inflammatory and nutritional status that may complement
traditional risk assessment strategies.

Furthermore, while more specific biomarkers of plaque-related
inflammation (such as hs-CRP, matrix metalloproteinases, or
lipoprotein-associated  phospholipase A) may provide greater
biological specificity, these parameters are not routinely measured in
standard clinical practice. The use of IPI, derived from widely available
laboratory parameters, therefore represents a pragmatic approach
to preoperative risk stratification rather than a substitute for plaque-
specific inflammatory assessment.

17



18

Guven H and Cetintas D. The predictive value of the inflammatory prognostic index (IPI) for early adverse outcomes following carotid artery surgery

The simplicity and cost-effectiveness of IPI, which is derived from
routinely measured blood parameters, make it a practical tool in
clinical practice. Identifying high-risk patients based on preoperative
IPI values can enable proactive perioperative management strategies,
such as intensive monitoring or the consideration of anti-inflammatory
therapies in patients with high IPI.

This study has several limitations. First, its retrospective design
introduces inherent biases, such as selection and information bias,
which may affect the generalizability of the findings. Second, being a
single-center study conducted in a tertiary referral hospital, the results
may not be directly applicable to other populations or healthcare
settings. Third, the inflammatory markers used to calculate the
IPI, including CRP, NLR, and serum ALB, were derived from routine
laboratory measurements, which may be subject to inter-laboratory
variability. Fourth, the study focused exclusively on early (30-day)
adverse outcomes, potentially overlooking the long-term prognostic
value of IPI. Fifth, the exclusion of patients with active infections,
malignancies, hematological or immunological disorders, and end-
stage renal or hepatic diseases may limit the applicability of the
findings to broader patient populations. Sixth, although multivariate
analysis was used to adjust for potential confounding factors, the
possibility of residual confounding cannot be completely ruled out.
Finally, despite demonstrating high sensitivity, IPl had moderate
specificity, leading to a substantial number of false positives, which
limits its use as a standalone diagnostic tool. The relatively small
number of adverse events limits the statistical power of multivariate
analyses and raises the possibility of model overfitting. Therefore, the
results of the regression analysis should be interpreted with caution
and regarded as exploratory rather than definitive.

In this study, we demonstrated that higher preoperative IPI values
were significantly associated with early adverse outcomes following
CAS. Specifically, higher preoperative IPI values were associated with
an increased risk of major CVE, M1, and 30-day mortality. Our findings
suggest that IPI, a composite marker derived from routinely measured
inflammatory parameters (CRP, NLR, and ALB), provides a simple
and cost-effective tool for risk stratification in patients undergoing
CAS. However, due to its moderate specificity, IPl may serve as a
practical adjunctive biomarker for preoperative risk stratification and
risk awareness, rather than a sole determinant of clinical decision-
making. Further prospective multicenter studies with larger sample
sizes are needed to validate these findings and explore the potential
benefits of integrating IPI into clinical decision-making protocols.
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ABSTRACT

Objectives: Non-ST segment elevation myocardial infarction (NSTE-MI) patients may be managed with either percutaneous coronary intervention (PCl) or
coronary artery bypass grafting (CABG). This study compares clinical, hematological, and echocardiographic characteristics between these two groups.

Patients and methods: We conducted a retrospective analysis of 120 NSTE-MI patients, with 60 undergoing CABG and 60 undergoing PCl. Demographic
features, laboratory values, echocardiographic measurements, and angiographic SYNTAX scores were collected. Correlation analyses were performed using
Spearman’s method.

Results: The mean age was higher in the CABG group (64.9+11.1 vs. 62.2+11.5 years, p=0.254). Mean platelet volume (MPV), was 8.90+1.75 in the CABG group
and 8.57+1.23 in the PCl group (p=0.347). Platelet count was slightly higher in the CABG group (232,583+74.3 vs. 225,816+54.5, p=0.927). Baseline ejection
fraction (EF) was significantly higher in PCl patients (60.3+5.4 vs. 55.3+8.8, p=0.002), and the change in EF during hospitalization (AEF) was more pronounced
in the CABG group (5.0 [3.0-9.5] vs. 1.0 [0.0-4.0], p<0.001). Peak troponin levels were higher in the CABG group (6418.8+11103.3 vs. 6135.3+9647.2, p=0.983).
SYNTAX score was significantly greater in the CABG group (39.7£7.0 vs. 30.143.9, p<0.001). C-reactive protein levels were higher in CABG patients (19.5£3.9 vs.
16.5%2.4, p=0.937). Median neutrophil-to-lymphocyte (N/L) ratio was 2.5 vs. 2.2 (p=0.675). WBC counts were similar between groups (9.0x10° vs. 9.02x10°,
p=0.971). According to Spearman correlation analysis, MPV was positively correlated with AEF (r=0.259, p=0.005), while SYNTAX score was negatively correlated
with baseline EF (r=-0.288, p=0.002). A positive correlation was observed between peak troponin and AEF (r=0.553, p<0.001), as well as between SYNTAX score
and AEF (r=0.542, p<0.001). Additionally, N/L ratio was positively correlated with AEF (r=0.228, p=0.013).

Conclusion: CABG-treated NSTE-MI patients showed higher anatomical complexity and greater EF decline. Several correlations between hematological and

functional parameters were identified.
Keywords: NSTE-MI, CABG, PCl, SYNTAX score, ejection fraction.

Non-ST-segment elevation myocardial infarction (NSTE-MI) represents
a clinically significant form of acute coronary syndrome (ACS),
encompassing a heterogeneous group of patients with varying degrees
of myocardial ischemia and injury.m Unlike ST-segment elevation
myocardial infarction (STEMI), NSTE-MI is not characterized by persistent
ST-segment elevation on the electrocardiogram, but is nonetheless
associated with elevated cardiac biomarkers indicative of myocardial
necrosis.? 1t often reflects subtotal coronary artery obstruction or
severe stenosis, and carries a considerable risk of short- and long-term

adverse cardiovascular outcomes, especially in patients with extensive
atherosclerosis, diabetes, or left ventricular dysfunction.P!

Optimal management of NSTE-MI hinges on timely risk stratification and
appropriate selection of a revascularization strategy. Both the European
Society of Cardiology (ESC) and American College of Cardiology/
American Heart Association (ACC/AHA) guidelines recommend an
early invasive approach for high-risk patients.*! The choice between
percutaneous coronary intervention (PCl) and coronary artery bypass
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grafting (CABG), however, must be tailored to individual anatomical
and clinical characteristics. PCl is typically favored due to its minimally
invasive nature, faster recovery, and lower immediate procedural risk.
Conversely, CABG is generally preferred in cases involving multivessel
disease, left main involvement, or high SYNTAX scores, as it offers more
comprehensive and durable revascularization !

Although CABG is often reserved for patients with greater coronary
complexity and worse baseline clinical status, several studies suggest
that it may provide superior improvement in myocardial perfusion and
left ventricular function compared to PCl, particularly in the presence
of viable but ischemic myocardium. However, data comparing early
changes in cardiac function following CABG versus PCl in NSTE-MI
patients remain limited."!

Ejection fraction (EF) is a central measure of left ventricular systolic
performance and a key prognostic marker in myocardial infarction.
It is not a static parameter, and may improve after effective
revascularization, especially in patients with hibernating or stunned
myocardium. Therefore, evaluating not only the baseline EF but also its
change during hospitalization (AEF) may provide valuable insights into
myocardial recovery and the impact of the chosen revascularization
strategy.!’!

In addition to imaging-based assessments, several hematological and
inflammatory markers have emerged as potential indicators of disease
severity and prognosis in ACSs. Parameters such as mean platelet volume
(MPV), neutrophil-to-lymphocyte (N/L) ratio, white blood cell count
(WBCQ), and high-sensitive C-reactive protein (CRP) are easily accessible
through routine blood tests and may reflect both the thrombotic
and inflammatory burden. These markers could offer supplementary
prognostic value, particularly when interpreted alongside anatomical
and functional data.l

In this context, the present study aimed to provide a comparative
evaluation of NSTE-MI patients undergoing CABG or PCl by
analyzing their clinical characteristics, hematological parameters,
echocardiographic measurements, and angiographic complexity as
assessed by the SYNTAX score. Particular attention was given to changes
in EF during hospitalization and the potential relationships between
laboratory markers and functional recovery. This integrated approach
may contribute to a more nuanced understanding of how different
revascularization strategies influence short-term cardiac outcomes in
this diverse and high-risk patient population.

PATIENTS AND METHODS
Study Design and Setting

This was a retrospective, observational, single-center study conducted
at a tertiary care academic hospital specializing in cardiovascular
care. The study was designed to compare clinical, hematological, and
echocardiographic outcomes in patients diagnosed with NSTE-MI
who underwent either PCl or CABG during the same hospitalization
period. Ethical approval for the study protocol was obtained from the
Institutional Review Board of Bakircay University Cigli Training and
Research Hospital (date: 23.09.2025, document number: KU.FR.09
no:1/1) and the research was conducted in accordance with the
Declaration of Helsinki principles.
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Study Population

A total of 120 patients with a confirmed diagnosis of NSTE-MI were
included in the analysis. Patients were consecutively selected from
electronic hospital records between January 2022 and December 2024.
The diagnosis of NSTE-MI was established based on clinical symptoms
(typically chest pain lasting >20 minutes), electrocardiographic findings
(absence of persistent ST-segment elevation), and elevated cardiac
biomarkers (specifically high-sensitivity troponin | levels exceeding the
99" percentile upper reference limit).

Patients were divided into two equal groups based on the
revascularization strategy applied. The PCl group included those
who underwent coronary angiography followed by PCl with stent
implantation. In contrast, the CABG group consisted of patients
who were evaluated by the heart team and referred for surgical
revascularization due to anatomical complexity, multivessel disease, or
other clinical considerations.

Inclusion and Exclusion Criteria

Patients aged 18 years or older with a confirmed diagnosis of NSTE-
Ml who underwent revascularization via either PCl or CABG during
the index hospitalization were included in the study. Eligibility also
required the availability of complete laboratory, echocardiographic,
and angiographic data.

Patients were excluded if they had ST-segment elevation myocardial
infarction (STEMI), presented with cardiogenic shock, had a history
of prior CABG surgery, or were affected by active infection, systemic
inflammatory disease, known hematologic disorders, or malignancy.
Incomplete clinical records or missing echocardiographic data also
constituted exclusion criteria.

Data Collection and Variables

All data were retrospectively collected from institutional digital medical
records. The recorded and analyzed variables included demographic
and clinical parameters such as age, sex, cardiovascular risk factors
(including hypertension, diabetes mellitus, hyperlipidemia, and
smoking), past medical history (prior myocardial infarction, heart
failure, atrial fibrillation, and stroke), as well as presenting symptoms
and the time interval from symptom onset to hospital admission.

Hematological and Inflammatory Parameters

Laboratory data were obtained from blood samples drawn within the
first 6 hours of hospital admission, prior to revascularization, and
included measurements of (MPV, fL), platelet count (x10°%/L), WBC count
(x10°/uL), N/L ratio, high-sensitivity C-reactive protein (hsCRP, mg/L),
and peak high-sensitivity cardiac troponin | (ng/L).

Echocardiographic Evaluation

Transthoracic echocardiography (TTE) was performed for all patients
upon admission and repeated prior to discharge using standard
parasternal and apical views in accordance with American Society of
Echocardiography guidelines. Left ventricular EF was calculated using
the biplane Simpson’s method.['” The following variables were extracted:
Baseline EF (%), EF at discharge (%), change in EF (AEF = discharge EF
- baseline EF). All transthoracic echocardiographic examinations were
performed using a GE Vivid E9 echocardiography system (GE Healthcare,
Horten, Norway) by experienced cardiologists.
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Coronary Angiography and SYNTAX Score

Selective coronary angiography was performed via the femoral approach
using the Judkins technique and a General Electric Innova 3100
angiographic system (Buc Cedex, France). Multiple angiographic views
were obtained to ensure optimal visualization of the coronary anatomy,
including at least four projections for the left anterior descending
and left circumflex arteries, and at least two projections for the right
coronary artery. All angiographic recordings were stored in DICOM
format on compact discs. Coronary angiograms and SYNTAX scores were
independently assessed by two experienced interventional cardiologists
who were blinded to the patients’ clinical data; any discrepancies in
scoring were resolved by consensus. In patients assigned to the PCI
group, PCls were performed by experienced operators. In the CABG
group, surgical strategy and graft selection were determined based on
the detailed angiographic findings. Coronary lesion complexity was
evaluated using the SYNTAX scoring algorithm, which incorporates
factors such as lesion location, bifurcation involvement, thrombus
burden, calcification, and total occlusions. Treatment allocation was
influenced by the SYNTAX score, with patients having a score of 33
or higher generally being directed toward CABG due to the greater
anatomical complexity.®

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics for
Windows, version 25.0 (IBM Corp., Armonk, NY, USA). Continuous
variables were tested for normality using the Kolmogorov-Smirnov test.
Normally distributed continuous variables were presented as mean +
standard deviation (SD), while non-normally distributed variables were
presented as median (interquartile range). Categorical variables were
expressed as frequencies and percentages. Between-group comparisons
were performed using appropriate statistical tests based on data
distribution and type. The independent samples t-test was used for
normally distributed continuous variables, while the Mann-Whitney
U test was applied for non-normally distributed continuous variables.
Categorical variables were compared using either the chi-square
test or Fisher's exact test, as appropriate. To assess the relationships
between selected hematological, echocardiographic, and angiographic
parameters, Spearman’s rank correlation coefficient (r) was employed.
A two-tailed p-value of less than 0.05 was considered indicative of
statistical significance in all analyses.

RESULTS

A total of 120 patients diagnosed with NSTE-MI were included in the
study, comprising two equal groups: 60 patients underwent PCl, while
the remaining 60 patients underwent CABG operation. The mean
age of the entire cohort was 63.6£11.3 years, with the CABG group
being slightly older (64.9+11.1 years) than the PCl group (62.2£11.5
years), although this difference did not reach statistical significance
(p=0.254). Both groups were comparable in terms of sex distribution
and cardiovascular risk factors such as hypertension, diabetes mellitus,
dyslipidemia, smoking status, and history of prior myocardial infarction,
indicating that the baseline clinical profiles were relatively balanced.

Regarding hematological parameters, the MPV, a marker often
associated with platelet reactivity and inflammation, was marginally
higher in the CABG group (8.90+1.75 fL) compared to the PCl group
(8.57£1.23 fL), but this difference was not statistically significant
(p=0.347). Platelet counts were also slightly elevated in the CABG group

(232.5£74.3x10°/uL vs. 225.8+54.5x10°/uL), yet without statistical
significance (p=0.927). Similarly, CRP levels, a non-specific indicator
of systemic inflammation, were higher in the CABG group (19.5+3.9
mg/L) than in the PCl group (16.5£2.4 mg/L), but this difference too
was not significant (p=0.937). WBC counts were nearly identical in both
groups (9.0x10%/uL vs. 9.02x10%/uL; p=0.971). Median neutrophil-to-
lymphocyte (N/L) ratio, another emerging inflammatory marker, was
slightly higher in the CABG group (2.5 vs. 2.2), although this did not
differ significantly between interventions (p=0.675). These findings
suggest that the systemic inflammatory and hematologic profiles at
baseline were largely similar between patients selected for either
revascularization strategy.

In contrast, significant differences emerged when angiographic
complexity and echocardiographic findings were evaluated. The
SYNTAX score, which quantifies the anatomical complexity and severity
of coronary artery disease (CAD), was substantially higher in the CABG
group (39.7£7.0) compared to the PCl group (30.1£3.9), with the
difference being highly statistically significant (p<0.001). This confirms
that patients selected for CABG had more diffuse, multivessel, and
anatomically challenging disease. Interestingly, this anatomical severity
translated into functional impairment: baseline left ventricular EF
was significantly lower in the CABG group (55.3+8.8%) than in the PCI
group (60.3+5.4%) (p=0.002), suggesting a greater degree of myocardial
dysfunction at presentation among patients undergoing surgical
revascularization. ROC curve analysis was performed to evaluate the
predictive value of the SYNTAX score for guiding treatment strategy
in patients with non-ST-elevation myocardial infarction (NSTEMI). As
demonstrated in Figure 1, the SYNTAX score showed a significant ability
to discriminate patients who underwent CABG operation. The optimal
cut-off value was identified at 32.75, yielding a sensitivity of 88.3% and
a specificity of 83.3%.
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Figure 1. ROC curve analysis of SYNTAX score for predicting CABG
selection in NSTEMI patients.

ROC: Receiver operating characteristic; CABG: Coronary artery bypass
grafting; NSTEMI: Non—ST-elevation myocardial infarction; AUC: Area under
the curve.
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Despite this initial disadvantage in baseline EF, the CABG group
demonstrated a notably greater improvement in EF during the course
of hospitalization. The median (25"-75") change in EF (AEF) was
significantly higher in the CABG group (5.0 [3.0-9.5]) than in the PCI
group (1.0 [0.0-4.0]) (p<0.001) (Figure 2). This finding indicates that
patients who underwent CABG experienced a more robust functional
recovery, likely attributable to more complete and anatomically
comprehensive revascularization achieved via surgical grafting. These
observations support the hypothesis that even in patients with lower
baseline systolic function, surgical intervention may vyield substantial
gains in myocardial performance when the anatomical burden of
disease is high. Table 1 presents the clinical and laboratory findings of
patients with NSTEMI according to the applied treatment management.

Additional analysis revealed important correlations among the study
parameters. A negative correlation was found between SYNTAX score
and baseline EF (Spearman’s r=-0.288, p=0.002), implying that patients
with more complex coronary lesions tend to have more impaired
ventricular function at the time of presentation. In contrast, SYNTAX
score was strongly and positively correlated with AEF (r=0.542, p<0.001),

25,00

20,00

5.0 (3.0-9.5)

__ 1500
g
w
w
< 1.0 (0.0-4.0)
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00 l p<0.001
T T
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Figure 2. Comparison of AEF between PCl and CABG groups.

AEF: Change in ejection fraction; PCI: Percutaneous coronary intervention;
CABG: Coronary artery bypass grafting, Statistical data were presented
as median (25"-75") and a p-value <0.05 was considered statistically
significant.

suggesting that patients with greater anatomical disease burden derived
greater benefit in terms of left ventricular function improvement after
revascularization - an effect particularly pronounced in the CABG group.

Furthermore, peak troponin levels, while not significantly different
between the groups (CABG: 6418.8+11,103.3 ng/L vs. PCl: 6135.319647.2
ng/L; p=0.983), demonstrated a robust positive correlation with AEF
(r=0.553, p<0.001). This indicates that higher troponin release-typically
associated with greater myocardial injury-was paradoxically linked to
greater improvement in EF, possibly reflecting the recovery of stunned
or hibernating myocardium after successful reperfusion.

Among hematological markers, MPV showed a significant positive
correlation with AEF (r=0.259, p=0.005), suggesting a potential role for
platelet activity in modulating myocardial recovery. Although high MPV
values have been traditionally linked to worse cardiovascular outcomes,
in this study, higher MPV may represent a physiological response to
myocardial injury and repair processes rather than an exclusively
prothrombotic state. Likewise, the N/L ratio, despite not differing
significantly between groups, exhibited a statistically significant
positive correlation with AEF (r=0.228, p=0.013), reinforcing the notion
that systemic inflammatory activation during acute coronary events
might be related to post-revascularization myocardial remodeling and
recovery.

Collectively, these findings emphasize that patients selected for
CABG, although presenting with more severe coronary disease and
reduced baseline systolic function, benefited from more pronounced
improvement in left ventricular performance following intervention.
The data also suggest that beyond anatomical complexity, simple
laboratory markers such as MPV and N/L ratio may carry independent
prognostic information related to myocardial recovery. The consistent
and significant correlations between SYNTAX score, troponin, MPV, and
AEF strengthen the potential utility of combining clinical, anatomical,
biochemical, and hematological data to guide therapeutic decision-
making in NSTE-MI.

In the multivariate logistic regression analysis performed to identify
independent predictors of undergoing CABG surgery, AEF (%) and
SYNTAX score were found to be significant determinants. An increase
in AEF was independently associated with higher odds of CABG (odds
ratio [OR]: 1.908, 95% confidence interval [CI]: 1.354-2.689, p<0.001).
Similarly, a higher SYNTAX score significantly predicted CABG referral
(OR: 1.388, 95% Cl: 1.197-1.610, p<0.001) (Table 2).

Table 1. Baseline characteristics according to treatment management in patients with non—ST-elevation myocardial infarction

Treatment group PCl group, n=60 CABG group, n=60 p-value
Age 62.17£11.50 64.87£11.11 0.254
Gender (male,%) 71.7 0.841
SYNTAX score 30.17£3.88 39.72£7.03 p<0.001*
A-EF (%) 2.27%2.39 6.58+4.88 p<0.001*
CRP (mg/dL) 16.52+24.88 19.46+38.93 0.937
MPV (fL) 8.57+1.24 8.91+1.76 0.347
Neu/L ratio 4.27£5.83 3.68£3.15 0.675
Platelet count (x10%/uL) 225.82+54.48 232.58+74.34 0.927
Troponin level (ng/L) 6135.32+9647.26 6418.77£11103.32 0.983
PCl: Percutaneous coronary intervention; CABG: Coronary artery bypass grafting; CRP: C-reactive protein; MPV: Mean platelet volume; Neu/L: Neutrophil-to-lymphocyte ratio.

Cardiovasc Surg Int 2026;13(1):20-26
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Table 2. Multivariate logistic regression analysis for predictors of

CABG operation

p-value OR 95% Cl
Gender (male) 0.408 1.865 0.426-8.166
Troponin level 0.001 1.000 1.000-1.000
Baseline EF (%) 0.258 1.075 0.948-1.219
AEF (%) <0.001 1.908 1.354-2.689
Age 0.113 1.051 0.988-1.119
SYNTAX score <0.001 1.388 1.197-1.610
AEF: Change in ejection fraction; CABG: Coronary artery bypass grafting; Cl: Confidence
interval; OR: Odds ratio.

DISCUSSION

This study provides a comparative analysis of NSTE-MI patients who
underwent either PCl or CABG operation, focusing on hematological
markers, angiographic complexity, and echocardiographic outcomes.
Our findings reveal that although patients treated with CABG had a
significantly higher anatomical disease burden and lower baseline EF,
they exhibited greater improvement in EF (AEF) during hospitalization.
These results underscore the functional benefits of surgical
revascularization in patients with more extensive CAD, and highlight the
prognostic value of integrating hematological and anatomical indices
into clinical decision-making.

Our data showed that the SYNTAX score, a validated index of coronary
complexity was significantly higher in the CABG group, suggesting
that patients selected for surgery had more anatomically diffuse or
multivessel disease. This finding aligns with the current ESC and ACC/
AHA guidelines, which recommend CABG in patients with high SYNTAX
scores and diabetes, or in those with complex multivessel disease,
as it is associated with lower long-term mortality and major adverse
cardiovascular events compared to PCl.4

Despite having significantly lower baseline EF, CABG patients
demonstrated a more pronounced improvement in EF during
hospitalization. This observation may partly reflect the selection of
patients with viable or hibernating myocardium who are more likely
to recover function once adequate perfusion is restored, rather than
the surgical technique itself. The more complete revascularization
typically achieved with CABG - especially in cases involving chronic
total occlusions or diffuse atherosclerosis-could also contribute to
this finding. Similar trends have been noted in previous studies,
where postoperative EF gains were associated with myocardial
viahility and restoration of blood flow rather than a direct effect of
the revascularization modality itself.""" One of the key innovations
of our study is the assessment of hematological markers specifically
MPV and N/L ratio in relation to functional cardiac recovery. MPV, a
well-established surrogate marker for platelet activation and systemic
inflammation, was found to be positively associated with changes
in AEF. This finding appears to contrast with the majority of existing
literature, in which elevated MPV levels have been consistently
associated with adverse cardiovascular outcomes, including increased
risk of myocardial infarction, heart failure, and mortality."*'® However,
emerging evidence suggests that, particularly in the setting of ACSs,
transient elevations in MPV may not solely reflect a prothrombotic state
but could also indicate dynamic hematological changes secondary to
reperfusion, inflammatory resolution, or hemodilution post-CABG.[""

Therefore, rather than implying a causal relationship, our observation
may reflect a context-dependent response associated with perioperative
physiological adaptation and recovery. Similarly, the N/L ratio—an
easily obtainable marker of systemic inflammation and stress—was
also found to correlate with AEF in our study. This association should
be interpreted cautiously, as fluctuations in N/L ratio may represent
not only inflammatory activation but also subsequent resolution or
normalization of immune balance after revascularization.® These
observations align with reports suggesting that temporal changes in N/L
ratio can provide insight into both the extent of injury and the trajectory
of recovery in ACSs.[" In contrast to previous studies where elevated MPV
and N/L ratio were linked to adverse outcomes, our findings suggest a
context-dependent association between these hematological markers
and functional cardiac recovery (AEF) after revascularization. While Khan
et al." demonstrated that CABG offers superior long-term outcomes
compared to PCl in patients with left ventricular systolic dysfunction,
their analysis did not specifically address short-term improvements in
EF. Conversely, Soetisna et al.l'] reported a significant postoperative
increase in EF among patients with baseline EF <35%, attributing
this improvement to recovery of hibernating myocardium following
complete revascularization. Taken together, our study complements
these findings by introducing an additional dimension suggesting that
perioperative hematological and inflammatory dynamics may serve as
surrogate indicators of myocardial repair and adaptive recovery after
CABG.

The inverse correlation between SYNTAX score and baseline EF suggests
that more complex coronary disease is associated with reduced left
ventricular function at presentation.?? This is biologically plausible,
as greater atherosclerotic burden leads to more ischemic myocardium
and impaired systolic performance. However, the strong positive
correlation between SYNTAX score and AEF may seem contradictory.
A potential explanation is that patients with low baseline EF and
extensive disease may have more viable myocardium that can recover
once complete revascularization is achieved, particularly through CABG.
The correlation between peak troponin levels and AEF further supports
this interpretation in our study. Higher troponin levels, while typically
associated with more severe myocardial necrosis, may also indicate
a larger area of reversible ischemia, particularly in non-transmural
infarctions. In such scenarios, prompt and complete revascularization
could salvage myocardium and improve contractile function.?"

Our results suggest that CABG may offer superior short-term
functional outcomes in selected NSTE-MI patients, especially those
with high SYNTAX scores and impaired baseline EF. Moreover, simple
hematological markers such as MPV and N/L ratio may help identify
patients who are more likely to experience meaningful improvement
in myocardial function after revascularization. These parameters are
inexpensive, routinely available, and could be incorporated into clinical
risk models.

This study has several limitations. First, it was conducted in a single-
center with a retrospective design, which may introduce selection bias
and precludes causal inferences. Second, the study was non-randomized,
and potential confounding factors could not be fully controlled. Third,
long-term follow-up data were not available; therefore, we could not
evaluate outcomes such as survival, rehospitalization, or recurrent
ischemia. In particular, the absence of extended follow-up limits our
ability to determine whether the observed improvement in AEF is
independently associated with mortality or hospital readmission.
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Fourth, AEF was measured only during hospitalization and may not
accurately represent sustained functional recovery. Fifth, advanced
imaging modalities such as myocardial strain analysis or viability studies
were not performed, which could have provided additional mechanistic
insights into myocardial recovery. Despite these limitations, our study
offers a multidimensional perspective on the interplay between
anatomical complexity, hematological markers, and cardiac function,
thereby contributing to the growing body of evidence supporting
individualized revascularization strategies in NSTE-MI.

In NSTE-MI, CABG patients exhibit greater angiographic disease
burden but benefit from significant improvement in cardiac function.
Integration of MPV, N/L ratio, and SYNTAX score into clinical practice
may refine risk stratification and inform revascularization decisions.
Further prospective studies are warranted to validate these associations.
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ABSTRACT

Objectives: To evaluate the predictive value of the Mehran score for contrast-induced nephropathy (CIN) following peripheral transcatheter angioplasty (PTA)
in patients with peripheral artery disease (PAD).

Patients and methods: We retrospectively analyzed 103 patients who underwent PTA at our center between January 2020 and July 2024. The Mehran score
was calculated for all patients meeting inclusion criteria. CIN was defined as an absolute increase in serum creatinine >0.5 mg/dL or a relative increase >25%
within 48-72 hours post-procedure. Receiver operating characteristic analysis was used to assess the predictive value of the Mehran score. Multivariate logistic
regression identified independent risk factors for CIN.

Results: CIN occurred in 19 patients (18.4%). Patients who developed CIN received significantly higher contrast volumes (p<0.05). The optimal Mehran score
cut-off for predicting CIN was 11.2, with an area under the curve of 0.712 (95% confidence interval: 0.612-0.826; sensitivity 69%, specificity 73%). Independent
predictors of CIN included advanced age, diabetes mellitus, higher contrast volume, baseline glomerular filtration rate, and the Mehran score. Patients with
CIN had longer hospital stays (3.9£1.7 vs. 1.940.7 days, p=0.002) and higher amputation rates (10.6% vs. 2.9%, p=0.004).

Conclusion: The Mehran score is a valuable tool for predicting CIN after PTA in PAD patients. Risk stratification using the Mehran score may guide preventive
strategies, although PAD-specific models incorporating additional parameters are warranted.

Keywords: Peripheral artery disease, percutaneous transcatheter angioplasty, Mehran score, contrast-induced nephropathy.

Risk factors for CIN include advanced age, pre-existing renal impairment,
diabetes mellitus (DM), anemia, heart failure, hemodynamic instability,

Peripheral artery disease (PAD) isa prevalent vascular disorder associated
with increased morbidity and mortality, with higher prevalence in older

populations."? Untreated PAD carries a high risk of complications.
Endovascular interventions, such as peripheral transcatheter
angioplasty (PTA), have become preferred treatment options due to
lower complication rates compared with medical therapy or surgical
revascularization.P!

However, contrast media used during these procedures may precipitate
contrast-induced nephropathy (CIN), defined as an increase in serum
creatinine >0.5 mg/dL or >25% within 48-72 hours post-procedure. CIN
occurs more frequently in elderly or comorbid patients.[*7)

and high contrast volume. The Mehran score, developed to predict post-
coronary intervention CIN, incorporates both clinical and procedural
parameters, including hypotension, intra-aortic balloon pump
requirement, congestive heart failure, chronic kidney disease, diabetes,
age >75 years, anemia, and contrast volume.?l

The predictive value of the Mehran score in PAD patients undergoing
PTA has not been extensively evaluated. This study aimed to assess the
utility of the Mehran score for predicting CIN after PTA in this population.

Mehran score. Cardiovasc Surg Int. 2026;13(1):27-30
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PATIENTS AND METHODS
Study Design and Population

This retrospective, single-center cohort study was conducted with
Local Ethics Committee of izmir Bakirgay University (decision no: 1839,
approval no: 2487, date: 07.11.2024) approval in accordance with the
Declaration of Helsinki. Patients >18 years old who underwent PTA for
PAD between January 2020 and July 2024 were included. Due to the
retrospective design of the study, the requirement for written informed
consent was waived.

Inclusion Criteria

Documented serum creatinine within 7 days prior to PTA and at least
one post-procedure creatinine measurement within 48-72 hours.

Exclusion Criteria

End-stage renal disease on dialysis, acute kidney injury (AKI) at baseline,
regular use of nephrotoxic medications (e.g., non-steroidal anti-
inflammatory drugs), or incomplete clinical/laboratory data.

Demographic, clinical, and procedural data—including age, sex, body
mass index, comorbidities (DM, hypertension, congestive heart failure,
anemia, chronic kidney disease), procedure type, contrast type and
volume, procedure duration, and hemodynamic parameters—were
obtained from electronic medical records.

Mehran Score Calculation

The Mehran score was calculated using pre- and intra-procedural
clinical and procedural variables. Patients were categorized into low (0-
5), moderate (6-10), high (11-15), and very high (>16) risk groups.

Definition of CIN

CIN was defined as an increase in serum creatinine >0.5 mg/dL or >25%
within 48-72 hours post-PTA. For sensitivity analysis, KDIGO-AKI criteria
were also applied.

Endpoints

The primary endpoint was CIN development. Secondary endpoints
included hospital length of stay, acute dialysis requirement, and 30-day
and 1-year all-cause mortality.

Statistical Analysis

Continuous variables were expressed as mean * standard deviation
or median (interquartile range) and compared using Student’s t-test
or Mann-Whitney U test. Categorical variables were expressed as
frequencies (%) and compared using the chi-square test. Receiver
operating characteristic (ROC) analysis determined the predictive
value of the Mehran score for CIN. Variables with p<0.10 in univariate
analysis or clinical relevance were included in multivariate logistic
regression to identify independent CIN predictors. Statistical
significance was set at p<0.05.

RESULTS

A total of 103 patients were included (mean age 62.6x10.1 years;
71% male). Comorbidities included smoking (74.7%), DM (55.3%),
hypertension (52.4%), and chronic kidney disease (14.6%). The
incidence of CIN was 18.4% (n=19), with a mean Mehran score of
8.9+2.1 (Table 1).

Mean procedure duration was 41.3£17.7 minutes, mean contrast
volume was 141.7£41.3 mL, and mean hospital stay was 2.1+0.8 days.

Patients who developed CIN had longer hospital stays (3.9+1.7 vs.
1.9+0.7 days, p=0.002) and higher amputation rates (10.6% vs. 2.9%,
p=0.004). Baseline glomerular filtration rate (GFR) was significantly
lower in the CIN group (p=0.026). ROC analysis showed an area under
the curve (AUQ) of 0.712 (95% confidence interval [Cl]: 0.612-0.826;
sensitivity 69%, specificity 73%), with an optimal Mehran score cut-off of
11.2. Multivariate analysis identified anemia, high contrast volume, DM,
baseline GFR, baseline creatinine, and Mehran score as independent
predictors of CIN (Table 2). ROC curve analysis demonstrated that the
Mehran score had good predictive accuracy for CIN (AUC: 0.712), as
shown in Figure 1.

Table 1. General characteristics of the study population

CIN (n=19) NKF (n=84) p-value

Age,years 64.519.9 62.2+10.7 0.568

Male gender, % 13 (68.4%) 61 (72.6%) 0.212

Systolic BP, mmHg 128.8+17.4 129.6+18.3 0.656
Diastolic BP, mmHg 74.7£13.5 81.4£19.9 0.046*
Diabetes mellitus, % 14 (73.6%) 43 (51.1%) 0.012*
Hypertension, % 13 (68.4%) 41 (48.8%) 0.008*
CAD, % 9 (47.3%) 27 (32.1%) 0.032*

CKD, % 5 (26.3%) 10 (11.9%) 0.062

Iliac-femoral, % 2 (10.5%) 11 (13.1%) 0.468

SFA% 11 (57.8%) 53 (63.1%) 0.282

BTK, % 5 (26.3%) 20 (23.8%) 0.404

LVEF, % 52.5+8.8 56.219.2 0.108
Creatinine (baseline), mg/dL 1.29+0.28 1.1210.24 0.044*
GFR, mg/dL/1.73 m? 57£10.2 68+13.1 0.002*
Mehran score 11.5+3.5 9.8+2.8 0.001*
Hemoglobin conf, mg/dL 11.7%£2.7 12,6124 0.033*
Contrast volume, mL 204+48 174433 <0.001*
In-hospital stay, days 3.9+1.7 1.840.9 <0.001*

Mortality, 1 year 2 (10.5%) 4 (4.7%) 0.256

BARC >2 bleeding, % 2 (10.5%) 6 (7.1%) 0.542

*: p<0.05 was considered statistically significant; BARC: Bleeding academic research
consortium; BP: Blood pressure; BTK: Below the knee; CAD: Coronary artery disease; CIN:
Contrast induced nephropathy; GFR: Glomerular filtration rate; LVEF: Left ventricle ejection
fraction; NKF: Normal kidney function; SFA: Superficial femoral artery.

Cardiovasc Surg Int 2026;13(1):27-30



Grses E. Mehran score and CIN in PAD patients

Table 2. Univariate and multivariate analysis of contrast induced nephropathy predictors

Univariate analysis Multivariate analysis
0dds ratio (95% Cl) p-value 0dds ratio (95% Cl) p-value
Age 1.2(0.4-1.6) ns ns
Contrast volume 3.3(1.6-6.1) <0.001 2.2(1.2-3.5) <0.001*
GFR 4.2(2.0-6.9) <0.001 2.5(1.7-3.6) <0.001*
Baseline creatinine 2.1(1.1-3.8) 1.5(0.9-2.9) 0.030*
Mehran score 2.7 (1.4-4.9) <0.001 1.8(1.1-3.2) 0.007*
DM 1.8(0.9-3.3) 1.2(0.6-2.2) 0.049*
Anemia 1.9(0.7-3.7) 1.2(0.8-2.0) 0.041*
LVEF 1.1(0.3-1.8) ns ns
*: p<0.05 was considered statistically significant; Cl: Confidence interval; DM: Diabetes mellitus; GFR: Glomerular filtration rate; LVEF: Left ventricle ejection fraction.

ROC Curve of Mehran Score for Predicting CIN
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Figure 1. The ROC curve of the Mehran score predicting the
development of contrast-induced nephropathy. (AUC;, 0.712,
sensitivity 69%; specificity 73%)

AUC: Area under the curve; ROC: Receiver operating characteristic; CIN:
Contrast-induced nephropathy.

DISCUSSION

In this cohort of PAD patients undergoing PTA, CIN incidence was 18.4%,
consistent with previously reported rates of 10-30%. The Mehran score
demonstrated significant predictive value, with a cut-off of 11.2 (AUC
0.712), aligning with prior studies in coronary interventions and TAVI
procedures. 810

CIN is primarily attributed to contrast-induced renal toxicity and
ischemia, with patient-related factors (age, DM, heart failure, impaired
renal function) and procedural factors (contrast volume, hemodynamic
instability) contributing to risk. In our study, CIN patients had higher
prevalence of DM, reduced left ventricle ejection fraction (LVEF), and
lower baseline renal function. PAD patients often have high rates of
DM, smoking, and concomitant renal and coronary disease, potentially
explaining increased heart failure prevalence and poorer outcomes. #1013

Higher contrast volume was associated with CIN, while procedure-
related hypotension or blood loss was not significantly associated.

Cardiovasc Surg Int 2026;13(1):27-30

Lower hemoglobin levels were observed in the CIN group. CIN remains
a leading cause of hospital-acquired renal failure.['*' Post-procedural
renal dysfunction has been linked to increased morbidity and mortality,
although one-year mortality was not statistically different in our cohort.
Amputation rates were higher in the CIN group, likely reflecting higher
comorbidity burden.

In this study, the incidence of CIN was 18.4%, and affected patients
experienced prolonged hospitalization, higher amputation rates, and
worse baseline renal function. ROC analysis identified a Mehran score
cut-off of 11.2 with good predictive accuracy, while multivariate analysis
confirmed anemia, high contrast volume, DM, baseline GFR, creatinine,
and Mehran score as independent predictors of CIN. These findings are
consistent with previous reports highlighting the prognostic impact of
mo difiable risk factors and validated risk scores in predicting CIN after
cardiac and transcatheter interventions.'7'* Early identification of
high-risk patients and optimization of preventable risk factors remain
crucial to improve outcomes.

Consistent with previous studies, Karakisi et al.?l reported that the
incidence of AKI following coronary artery bypass grafting was 7.6%, with
previous myocardial infarction and postoperative creatinine increase as
independent predictors of AKI. Similarly, Yurdam et al.?" demonstrated
that in patients undergoing PCl for chronic total occlusion, higher
contrast volume, elevated blood glucose levels, reduced baseline renal
function, and lower left ventricular ejection fraction were independent
predictors of CIN. These findings underscore the importance of careful
pre-procedural risk assessment and optimization of modifiable factors
to minimize CIN incidence.

The Mehran score is a validated tool for predicting CIN and future
adverse outcomes after percutaneous interventions. In our study,
anemia, DM, baseline GFR, baseline creatinine, contrast volume, and
Mehran score independently predicted CIN. These findings support its
utility in risk stratification for PAD patients undergoing PTA. Preventive
strategies—including contrast minimization and pre-procedural
intravenous hydration—should be considered in high-risk patients.

Given the high prevalence of diabetes, smoking, and chronic kidney
disease in PAD patients, the application of established coronary
risk models such as the Mehran score may require recalibration or
modification for peripheral interventions. Future multicenter studies
with larger cohorts are needed to develop PAD-specific CIN risk models
incorporating procedural complexity and lesion characteristics.
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This study is limited by its retrospective, single-center design, small
sample size, variability in hydration protocols, heterogeneity in
contrast type and volume, and incomplete long-term renal follow-up.
The Mehran score is a valuable tool for predicting CIN in PAD patients
undergoing endovascular interventions. While it can guide risk
stratification and preventive strategies, PAD-specific risk models
incorporating additional parameters are warranted.

Ethics

Ethics Committee Approval: This retrospective, single-center
cohort study was conducted with Local Ethics Committee of
izmir Bakircay University (decision no: 1839, approval no: 2487,
date: 07.11.2024) approval in accordance with the Declaration of
Helsinki.

Informed Consent: Due to the retrospective design of the study,
the requirement for written informed consent was waived.
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ABSTRACT

Objectives: Diastolic dysfunction (DD) remains a diagnostic challenge, particularly in hypertensive patients with non-dipping blood pressure profiles. Emerging
evidence suggests that left atrial reservoir strain (LASr) and P-wave dispersion (Pd) may serve as sensitive, non-invasive markers for subclinical atrial dysfunction.

Patients and methods: This single-center, retrospective observational study included 176 individuals: 76 non-dipper hypertensive, 65 dipper hypertensive, and
35 normotensive controls. All subjects underwent transthoracic echocardiography and 12-lead electrocardiogram (ECG). LASr was measured via speckle-tracking
echocardiography, and Pd was manually calculated from standard ECGs.

Results: Non-dipper patients exhibited significantly reduced LASr (19.27+5.1%) and increased Pd (50.57+8.1 ms) compared to dippers and controls (p<0.001).
A strong inverse correlation between LASr and Pd was observed. DD prevalence was highest among non-dippers (92.0%). Receiver operating characteristic
analysis identified a Pd cut-off of 40.5 ms with 83% sensitivity, 80% specificity, and area under the curve 0.84 (95% confidence interval: 0.78-0.90) for detecting
DD.

Conclusion: LASr and Pd provide complementary insights into atrial mechanical and electrical remodeling in hypertensive patients. Pd, as a simple and cost-
effective ECG marker, may serve as a valuable tool for identifying DD, especially when advanced imaging is unavailable. These findings support integrating Pd
into routine hypertensive patient evaluation.

Keywords: P-wave dispersion, left atrial reservoir strain, diastolic dysfunction, non-dipper hypertension, hypertension, ambulatory blood pressure monitoring.

Diastolic dysfunction (DD) remains a challenging clinical condition to
diagnose, particularly in early stages and in the presence of chronic
hemodynamic stressors such as hypertension.l' The development of
left ventricular hypertrophy and increased myocardial stiffness impairs
ventricular relaxation and raises filling pressures. Over time, this leads to
volume overload and structural remodeling of the left atrium, including
progressive atrial fibrosis.”! These histopathological changes disrupt
both intra- and interatrial conduction continuity, ultimately resulting
in atrial electromechanical discordance.>*! In recent years, the use of
advanced imaging parameters—such as left atrial reservoir strain (LAST)
measured via speckle-tracking echocardiography—nhas gained attention
for non-invasive assessment of this complex process. >¢l

In parallel, P-wave dispersion (Pd), a simple and widely accessible
electrocardiogram (ECG) parameter, has emerged as a potential

surrogate marker of atrial conduction heterogeneity.”? In our study,
we stratified hypertensive individuals into dipper and non-dipper
groups and observed that the non-dipper blood pressure profile was
associated with more pronounced DD. The significant and strong inverse
correlation identified between LASr and Pd highlights the potential of
Pd as a practical, low-cost marker that may reflect underlying atrial
electromechanical imbalance. These findings suggest that Pd may serve
as a complementary tool in the early detection and monitoring of DD,
particularly in the hypertensive population.

PATIENTS AND METHODS

This single-center, retrospective observational study was conducted
at the Department of Cardiology, Gazi University Faculty of Medicine,
following approval by the University’s Ethics Committee (approval no:
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2025-1408, date: 04.08.2025). All procedures adhered to the ethical
standards of the Declaration of Helsinki, and required institutional
permissions were obtained prior to data access.

Patient Selection

A total of 176 individuals who underwent both transthoracic
echocardiography and 12-lead electrocardiography between January
2022 and June 2025 were evaluated retrospectively. Based on 24-hour
ambulatory blood pressure monitoring, patients with hypertension
were classified into dipper (n=65) and non-dipper (n=76) groups,
while a normotensive group was included as the control cohort (n=35).
The dipping pattern was defined according to current hypertension
guidelines, with a nocturnal systolic blood pressure decline of >10%
accepted as dipper status.9

Inclusion criteria encompassed adults aged 18 or older with a
diagnosis of essential hypertension for the patient groups, presence
of normal sinus rhythm, and complete clinical, echocardiographic,
and electrocardiographic records of acceptable quality. Patients were
excluded if they had a history of atrial arrhythmias, moderate or severe
valvular heart disease, reduced left ventricular systolic function (LVEF
<50%), congenital heart disease, prior cardiac surgery, or suboptimal
imaging quality.

Echocardiographic Evaluation

All echocardiographic assessments were conducted by experienced
cardiologists using standard imaging protocols and a commercially
available ultrasound machine (GE Vivid E95). The evaluation was
carried out according to the 2016 guidelines from the American Society
of Echocardiography and the European Association of Cardiovascular
Imaging.'"*" DD was diagnosed when at least three of the following
four parameters were abnormal: septal e’ velocity <7 cm/s or lateral e’
<10 cm/s, E/e’ ratio >14, left atrial volume index (LAVI) >34 mL/m?, or
peak tricuspid regurgitation velocity (TRV,__)>2.8 m/s.l"

Left Atrial Strain Analysis

LASr was assessed offline using two-dimensional speckle-tracking
echocardiography. Apical four-chamber views were acquired at a
frame rate between 60-90 fps, and endocardial borders were manually
traced at end-systole using dedicated software (EchoPAC v206, GE
Healthcare). LASr was defined as the peak positive longitudinal strain
of the left atrium during ventricular systole. Measurements were
performed by two independent observers blinded to clinical and ECG
data.

Electrocardiographic Assessment

Standard 12-lead ECGs were recorded with a paper speed of 25 mm/s
and calibration of 10 mm/mV, which corresponds to routine clinical
practice. The ECGs were manually analyzed using handheld calipers
and magnifying lenses by two experienced cardiologists blinded to the
echocardiographic findings. P-wave duration was measured in all leads,
from the onset of the P-wave (initial deflection from the isoelectric line)
to the end (return to baseline). The maximum and minimum P-wave
durations were identified, and Pd was calculated as their difference.l!
All measurements were repeated by both observers, and average values
were used. A random sample of 30 ECGs was reanalyzed to assess intra-
and inter-observer reproducibility. Agreement was quantified using the
intraclass correlation coefficient (ICC), which demonstrated excellent

reproducibility for Pd measurements (intra-observer ICC =0.93, inter-
observer 1CC =0.91).

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version
26.0. The Shapiro-Wilk test was used to determine data distribution.
Continuous variables were presented as mean + standard deviation or
median with interquartile ranges, and analyzed using independent-
samples t-test or Mann-Whitney U test where appropriate. Categorical
data were expressed as frequencies and compared using the chi-
square test. Correlations between Pd and LASr, as well as other
echocardiographic parameters, were evaluated using Spearman or
Pearson coefficients. Receiver operating characteristic (ROC) analysis
was conducted to determine the optimal Pd cut-off for predicting DD.
Statistical significance was set at a p-value <0.05.

RESULTS

A total of 176 individuals were included in the study, comprising 35
normotensive controls, 65 dipper hypertensive patients, and 76 non-
dipper hypertensive patients. The three groups were similar in terms of
age and sex distribution. Left ventricular ejection fraction was preserved
in all groups, with no statistically significant difference observed
(p=0.074). However, the left ventricular mass index progressively
increased from the control group to the non-dipper group (88.5£9.3 vs.
101.4+10.6 vs. 112.84+12.2 g/m?; p<0.001) (Table 1).

Daytime and nighttime systolic blood pressures were significantly higher
in both hypertensive groups compared to controls, with the highest
values observed in the non-dipper group (daytime SBP: 145.5+10.1
mmHg; nighttime SBP: 139.24+9.3 mmHg; both p<0.001). Estimated
glomerular filtration rate showed a modest but statistically significant
decline in the non-dipper group compared to controls (76.1+12.4 vs.
84.2+10.7 mL/min/1.73 m?; p=0.022).

Diastolic function parameters revealed significant deterioration in the
non-dipper group. E/A ratio, E velocity, and E/e’ values were significantly
elevated in this group (E/e’: 20.71+3.1; p=0.004), while e’ velocities
were reduced (5.58+1.1 cm/s; p=0.021). Similarly, the LAVI and peak
TRV__ were significantly higher in the non-dipper group (LAVI: 45.8+5.4
mL/m2, TRV__:3.50£0.27 m/s).

Left atrial strain analysis revealed a marked reduction in LASr among
non-dippers (19.27+5.1%) compared to dippers (26.72+4.8%) and
controls (32.22+4.5%), with a statistically significant difference
(p=0.002). In parallel, Pd was significantly prolonged in the non-dipper
group (50.57%8.1 ms), compared to both dipper patients (42.15+7.0 ms)
and controls (35.70+6.6 ms) (p<0.001). DD was identified in 64.0% of
dipper patients and 92.0% of non-dipper patients, while none of the
control subjects met the diagnostic criteria (p=0.001) (Table 2).

A significant inverse correlation was observed between Pd and LASr,
while positive correlations were noted between Pd and E/e’, LAVI, and
TRV, (Table 3).

ROC analysis indicated that a Pd cut-off value of 40.5 ms predicted the
presence of DD with 83% sensitivity and 80% specificity, yielding an
area under the curve (AUC) of 0.84 (95% confidence interval: 0.78-0.90)
(Figure 1).

Cardiovasc Surg Int 2026;13(1):31-35



Seckin O, et al. Atrial dysfunction in hypertension

Table 1. Baseline clinical and imaging characteristics of study participants

Parameter Control (n=35) Dipper (n=65) Non-dipper (n=76) p-value
Age (years), mean 58.9 58.9 61.9 0.065
Female, n (%) 16 (45.7%) 32 (49.2%) 40 (52.6%) 0.62
EF (%) 63.2£3.1 62.5£3.4 61.8£3.8 0.074
LVMI (g/m?) 88.519.3 101.4£10.6 112.8£12.2 <0.001
Daytime SBP (mmHg) 121.6+7.4 138.9+8.6 145.5+10.1 <0.001
Nighttime SBP (mmHg) 111.4£6.5 121.8+6.9 139.249.3 <0.001
eGFR (mL/min/1.73 m?) 84.2£10.7 79.5£11.1 76.1£12.4 0.022
E/A ratio 0.70+0.09 1.18£0.25 2.21£0.41 0.003
E (cm/s) 45.7%6.1 77.0£8.4 111.3+£10.2 0.012
e’ (cm/s) 8.07+1.0 6.33+1.2 5.58%1.1 0.021
E/e’ ratio 5.78+1.1 12.62+2.3 20.71£3.1 0.004
LAVI (mL/m?) 27.8%3.6 37.9+4.8 45.8+5.4 0.018
TRV (m/s) 2.43%0.22 3.00£0.24 3.50£0.27 0.047
LASr (%) 32.22%4.5 26.72%4.8 19.274£51 0.002
P-wave dispersion (ms) 35.70+6.6 42.15£7.0 50.57+8.1 <0.001
Diastolic dysfunction, n (%) 0 (0%) 42 (64%) 70 (92%) 0.001
Values are presented as mean + standard deviation or number (percentage). P-values indicate comparisonstamong the three groups (control, dipper, and non-dipper) using One-Way ANOVA or chi-
square test, as appropriate.

EF: Ejection fraction; LVMI: Left ventricular mass index; SBP: Systolic blood pressure; eGFR: Estimated glomerular filtration rate; E/A: Ratio of early (E) to late (A) mitral inflow velocity; e’: Early diastolic
mitral annular velocity; E/e”: Ratio of mitral inflow velocity to mitral annular early diastolic velocity; LAV!: Left atrial volume index; TRV, : Tricuspid regurgitation maximum velocity; LASr: Left atrial
reservoir strain.

Table 2. Comparison of independent parameters according to the presence of diastolic dysfunction

Parameter DD present (n=78) DD absent (n=98) p-value
P-wave dispersion (ms) 46.3616.33 35.70£6.59 <0.001
LASr (%) 22.99%4.95 32.22+4.53 <0.001
Values are expressed as mean + standard deviation. P-values indicate comparisons between patients with and without diastolic dysfunction. DD: Diastolic dysfunction; LASr: Left atrial reservoir strain.

Table 3. Correlation analysis between P-wave dispersion and echocardiographic parameters

Parameter Spearman correlation p-value
LAST (%) -0.72 <0.001
E/e’ 0.65 <0.001
LAVI (mL/m?) 0.60 <0.001
TRV, (m/s) 0.58 <0.001

Correlation coefficients were calculated using Spearman’s rank correlation test.

LASr: Left atrial reservoir strain; E/e’: Ratio of mitral inflow velocity to mitral annular early diastolic velocity; LAVI: Left atrial volume index; TRV __: Tricuspid regurgitation maximum velocity.

max”

Intra- and inter-observer reproducibility for Pd measurements was
excellent, with ICC values of 0.93 and 0.91, respectively.

DISCUSSION

LASrand Pd have increasingly gained attention as sensitive and accessible
markers for the detection of DD." In our study, we demonstrated that
patients with a non-dipping hypertension pattern exhibit significant
alterations not only in hemodynamic parameters but also in atrial
mechanical and electrophysiological properties, particularly reflected
by reduced LASr and increased Pd values.

LASr, derived from speckle-tracking echocardiography, has emerged
as a reliable non-invasive index of left atrial compliance and reservoir
function. In a 2022 study by Miljkovi¢ et al.,[m a LASr cut-off of 24.27%

Cardiovasc Surg Int 2026;13(1):31-35

was reported to predict DD with a sensitivity of 78.9% and specificity of
84.6%. In our cohort, non-dipper patients demonstrated a substantially
lower average LASr value (19.27%, p=0.002), clearly indicating a greater
impairment in atrial functional reserve compared to dipper and control
groups. This supports the notion that LASr is not only a marker of DD
itself, but also a sensitive indicator of the deleterious impact of altered
circadian blood pressure rhythms on atrial performance.

Similarly, Pd—a measure of atrial conduction heterogeneity—was
found to be significantly elevated in the non-dipper group and was
positively correlated with the presence of DD. While Pd has traditionally
been associated with arrhythmia risk, our findings suggest that it
may also reflect the burden of diastolic pressure and atrial structural
remodeling.” The mean Pd in non-dippers was 50.57 ms, a value
approaching thresholds considered to be arrhythmogenic in prior
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Figure 1. Receiver operating characteristic (ROC) curve of P-wave
dispersion for predicting diastolic dysfunction.

ROC curve of P-wave dispersion for predicting diastolic dysfunction.
The ROC analysis demonstrated the discriminatory performance of
P-wave dispersion in identifying diastolic dysfunction. The area under
the curve (AUC) was 0.84 (95% confidence interval [Cl]: 0.78-0.90,
p<0.001). A cut-off value of 40.5 ms yielded a sensitivity of 83% and
a specificity of 80%.

studies. Importantly, we identified a Pd cut-off value of 40.5 ms, which
demonstrated 83% sensitivity and 80% specificity in predicting DD,
with an AUC of 0.84. This level of diagnostic performance supports
the potential of Pd as a simple yet clinically valuable tool in the early
identification of DD.

In our cohort, non-dipper hypertensive individuals tended to
demonstrate lower LASr values, suggesting a potentially higher
cardiovascular risk. Moreover, the inverse relationship observed
between LASr and Pd may reflect underlying atrial electromechanical
disintegration, a mechanism that could link elevated diastolic load to
impaired atrial conduction.

In summary, this study emphasizes the diagnostic value of LASr and
Pd as non-invasive, accessible, and complementary parameters for
detecting subclinical DD.'*' The concurrent presence of reduced LASr
and elevated Pd appears to reflect both mechanical and electrical atrial
impairment, providing a more comprehensive assessment of atrial
involvement in patients with disturbed circadian blood pressure profiles.
[ These findings not only highlight the importance of evaluating atrial
function in hypertensive patients, but also suggest that Pd may serve as
a valuable screening tool in clinical practice when echocardiographic
modalities are limited or unavailable.

This study has several limitations that should be acknowledged. First,
its retrospective and single-center design may limit the generalizability
of the findings. Second, although Pd measurements were carefully
performed using manual calipers on standard 12-lead ECGs, the potential
for inter-observer variability remains, despite internal validation. Third,
although Pd is traditionally associated with arrhythmic risk, our study
did not evaluate arrhythmic outcomes such as atrial fibrillation or
other supraventricular arrhythmias; this limitation should be addressed
in future prospective studies. Finally, prospective, multi-center studies
with larger sample sizes and long-term follow-up are needed to further
validate these results.

In conclusion, our study demonstrates that both Pd and LASr are
strongly associated with DD, particularly in patients with a non-dipping
hypertensive profile. The identification of a Pd cut-off value of 40.5 ms
with high diagnostic accuracy supports its potential as a simple, cost-
effective screening parameter. When combined with LASr, Pd may offera
more comprehensive, non-invasive approach to assessing atrial function
and subclinical DD in clinical practice. These findings contribute to the
growing body of evidence supporting atrial-focused assessment in the
evaluation of hypertensive patients at risk for diastolic impairment.
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ABSTRACT

Objectives: The Naples prognostic score (NPS) is determined using four parameters: Serum albumin, total cholesterol, the neutrophil-to-lymphocyte ratio, and
the lymphocyte-to-monocyte ratio. Since both inflammation and nutritional status have a critical impact on the onset and advancement of cardiovascular
diseases, this score has been suggested as a beneficial prognostic tool. In this research, we sought to assess the predictive value of NPS, measured at the time
of hospital admission, for major adverse cardiac events (MACE) and long-term outcomes in patients with non-ST-segment elevation myocardial infarction
(NSTEMI).

Patients and methods: A cohort of 125 individuals with NSTEMI, identified between January 1 and June 1, 2019, was retrospectively evaluated. According to

their NPS values, the cohort was stratified into two groups: Low NPS (0-2 points; n=73) and high NPS (3,4 points; n=52). Over an average follow-up period of
60 months, the manifestation of MACE and overall mortality was systematically documented.

Results: MACE was observed in 31 patients, with a markedly greater frequency in the high-NPS group (n=22; p<0.001). Long-term mortality occurred in 18
individuals, of whom 15 belonged to the high-NPS category (p<0.001). ROC curve analysis determined an optimal NPS threshold of 2.5 for predicting both
MACE and overall mortality. Survival analysis using the Kaplan-Meier method revealed a considerable decrease in survival among patients with elevated NPS
(p<0.001).

Conclusion: The NPS, which incorporates inflammatory and nutritional components, functions as a prognostic determinant of MACE and long-term mortality

in NSTEMI cases.

Keywords: Naples prognostic score, non-ST-segment elevation myocardial infarction, major adverse cardiac events, risk stratification, mortality.

Acute myocardial infarction (AMI) continues to be a leading cause
of death across the globe and represents a substantial public health
burden. From a clinical perspective, AMI is categorized into two
principal subtypes bhased on electrocardiographic results: ST-segment
elevation myocardial infarction (STEMI) and non-ST-segment elevation
myocardial infarction (NSTEMI).L" While both entities share similar
pathophysiological mechanisms, they differ in clinical presentation,

management strategies, and long-term prognosis. From a physiological
standpoint, AMI occurs due to an abrupt disruption of coronary blood
flow, which may present as complete occlusion—as typically seen in
STEMI and occasionally in NSTEMI—or as partial obstruction, more
frequently observed in NSTEML. This condition typically results from
erosion or disruption of atherosclerotic plaques within the coronary
arteries.P! In recent years, the prevalence of NSTEMI has risen, primarily
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as a consequence of the extensive implementation of high-sensitivity
troponin tests in patients with acute chest pain. Risk stratification
in individuals with NSTEMI may facilitate the detection of those at
higher risk for adverse cardiac occurrences. Early recognition of high-
risk patients enables the application of tailored interventions that
may contribute to improved clinical outcomes. The Naples prognostic
score (NPS), originally designed to estimate postoperative mortality
within the cohort of colorectal cancer cases undergoing surgery,”
integrates serum albumin concentration (Alb), total cholesterol (TC),
neutrophil-to-lymphocyte ratio (NLR), and lymphocyte-to-monocyte
ratio (LMR), thereby enabling a combined evaluation of malnutrition
and inflammation. Given the critical role of inflammation and
malnutrition in the pathophysiology of certain cardiovascular diseases,
the prognostic potential of the NPS in these patient populations
warrants further investigation.! Previous studies have assessed the
predictive significance of the NPS in STEMI patients treated with
primary percutaneous coronary intervention (PCl). Several studies have
demonstrated that, in this patient population, the NPS is a an indicator
of mortality risk during hospitalization and in long-term follow-up."# It
is well established that, compared to STEMI patients, those with NSTEMI
are generally older, have a greater burden of comorbidities, and exhibit
a higher propensity for inflammation.®! Studies investigating the NPS in
this patient population remain limited in the literature.™

Aim: The objective of this research was to explore the prognostic utility
of the NPS, obtained at admission, in forecasting major adverse cardiac
events (MACE) and extended overall mortality in individuals with
NSTEMI.

PATIENTS AND METHODS
Study Design and Population

In this retrospective, single-center observational study, 125 patients
diagnosed with NSTEMI and treated with coronary angiography and/or
PCl between January 1 and June 1, 2019, were included. Retrospective
follow-up was conducted, with a mean duration of 60 months. Clinical
data—including baseline characteristics, laboratory results, imaging
parameters, and follow-up outcomes— were obtained from digital
health records and patient charts of the hospital.

Exclusion Criteria

Patients with neoplastic diseases, those receiving chemotherapy,
individuals with evidence of any acute or chronic inflammatory
condition, active infection, recent (within the past 3 months)
glucocorticoid therapy, or use of immunosuppressive agents were
removed from the study cohort. Additional exclusion criteria included
severe hepatic dysfunction (e.g., cirrhosis, chronic hepatitis), marked
kidney impairment (described as glomerular filtration rate <30 mL/
min/1.73 m? or chronic hemodialysis), severe anemia (hemoglobin
<8 g/dL), cardiogenic shock requiring inotropic support or resulting
in in-hospital mortality, severe valvular heart disease, and incomplete
or missing data. A total of 62 patients meeting one or more of these
criteria were excluded from the final analysis (Figure 1).

NPS Calculation and Risk Grouping

The NPS was determined using laboratory parameters measured
following hospital admission. Scoring was performed according to
previously established components and cut-off values reported in
earlier studies:>7%l
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Figure 1. Study design flowchart.

MACE: Major adverse cardiac events; GFR: Glomerular filtration rate;
NSTEMI: Non-ST-segment elevation myocardial infarction.

1) TC <180 mg/dL
2) Alb <4 g/dL

3) NLR >2.96

4) LMR <4.44.

One point was assigned to patients for each parameter meeting the
specified thresholds (score range: 0-4). According to their total NPS,
patients were classified into two groups: Low NPS (0, 1, or 2 points) and
high NPS (3 or 4 points).

Study Endpoints

During the follow-up period, patients were evaluated based on
the occurrence of MACE and overall long-term mortality. MACE
was described as the combined of cardiovascular death, non-fatal
myocardial infarction (MI), and non-fatal cerebrovascular events.
Mortality information was retrieved from hospital archives and the
national social security registry. Patients who experienced death during
follow-up were classified according to their respective risk groups.

Ethical Consideration

The investigation was authorized by the Institutional Ethics Committee
of Mardin Artuklu University (approval no: 2025/4-37, April 22, 2025),
and the research was executed out in line with the principles of the
Declaration of Helsinki (2024).
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Statistical Analysis

Statistical analyses were executed using SPSS software, version 26.0
(Chicago, IL, USA). Descriptive statistics were applied to summarize
baseline demographic and clinical variables. Normality of data
distribution was evaluated using histograms and analytical tests. For
group comparisons, continuous variables were examined with the
autonomous samples t-test when normally distributed, and with the
Mann-Whitney U test when distributional assumptions were not met.
Categorical variables were examined using either the chi-square test
or Fisher’s exact test, as suitable. Data are demonstrated as mean =+
standard deviation for normally distributed continuous variables,
median (interquartile range) for non-normally distributed data, and
percentages for categorical variables. The prognostic performance of the
NPS in relation to MACE and long-term mortality was investigated using
receiver operating characteristic (ROC) curve analysis. Cox proportional
hazards regression, both univariate and multivariate, was applied to
determine independent determinants of long-term outcomes. Survival
probabilities were illustrated by Kaplan-Meier curves, and between-
group differences were evaluated using the log-rank test. Statistical
importance was set at a two-sided p-value <0.05.

RESULTS

After exclusions, the final study cohort consisted of 125 patients
(Figure 1). Of these, 79 patients (63.2%) were male. Based on their NPS
scores, Patients were grouped into two categories: Low NPS (0, 1, or
2 points; n=73) and High NPS (3 or 4 points; n=52). Demographic,
laboratory, imaging, and procedural characteristics of the individuals
are demonstrated in Table 1. There were no notable differences
detected between the two groups regarding demographic, imaging, and
procedural parameters. Among the laboratory variables, lymphocyte
value (p<0.001) and Alb (p=0.005) were lower in the high NPS group,
whereas neutrophil value (p<0.001) was higher (Table 1).

During the follow-up period, MACE was observed in 31 patients, 22 of
whom belonged to the high NPS group (p<0.001). Additionally, overall
death was observed in 18 patients, 15 of whom were in the high NPS
group (p<0.001) (Table 1).

Cox regression analyses, both univariate and multivariate, were
conducted to determine autonomous predictors of long-term mortality.
The univariate evaluation demonstrated that ejection fraction (EF)
(p=0.011) and Naples score (p=0.002) were markedly related to
mortality. In the subsequent multivariate analysis, conducted to
determine the most robust predictor among them, the Naples score
remained independently and importantly related with long-term
mortality (hazard ratio: 6.762; 95% confidence interval [CI]: 1.937-
23.602; p=0.003) (Table 2).

The diagnostic accuracy of the Naples score in forecasting overall
death and MACE was evaluated using ROC curve analyses. For all-cause
mortality, the area under the curve (AUC) was 0.763 (95% Cl: 0.639-0.888;
p<0.001). A cut-off value of 2.5 for the Naples score demonstrated 83%
sensitivity and 66% specificity in predicting long-term mortality (Figure
2A). For MACE prediction, the AUC was 0.730 (95% Cl: 0.622-0.837;
p<0.001), and a Naples score cut-off value of 2.5 yielded 71% sensitivity
and 69% specificity (Figure 2B).

According to Kaplan-Meier estimates, individuals with higher Naples
scores showed a markedly greater risk of long-term mortality throughout

the 60-month follow-up period (Log-rank =14.382, p<0.001) (Figure
3A). Additionally, Kaplan-Meier analysis revealed a markedly higher
incidence of MACE among patients with high Naples scores during the
same follow-up period (Log-rank =14.216, p<0.001) (Figure 3B).

Mean Naples scores in patients with and without all-cause mortality
were compared usinga bar chart. The mean Naples score was 3.16 in the
mortality group and 2.13 in the non-mortality group, with a statistically
meaningful discrepancy between the two (p<0.001) (Figure 4).

DISCUSSION

This research was designed to investigate the prognostic utility of the
NPS among NSTEMI patients, and the main findings are as follows:

1) Higher NPS values are positively linked to an elevated risk of MACE.

2) Higher NPS values are connected with an elevated risk of long-term
overall death.

3) Following its use in cancer patients and certain cardiovascular
disease populations, the NPS also offers a novel perspective in the risk
classification of patients with NSTEMI.

The significance of the NPS lies in its components: It incorporates NLR
and LMR as markers of inflammation, along with serum albumin and
TC serving as markers of malnutrition, thereby enabling simultaneous
assessment of both inflammatory status and nutritional condition.®
The coexistence of inflammation and malnutrition may exacerbate
adverse clinical outcomes and exert a synergistic effect on prognosis.
Inflammation is a crucial factor in the initiation and progression
of coronary artery disease (CAD). Contributing to the formation,
progression, and rupture of atherosclerotic plaques, as well as
promoting the activation of procoagulant pathways."! Neutrophils
contribute significantly to atherosclerotic plaque instability. They
are key regulators of the inflammatory response following MI, and
elevated neutrophil counts have been connected with an elevated risk
of cardiovascular mortality.'"? In contrast to neutrophils, lymphocytes
play a regulatory role in inflammation and are therefore considered
to have an anti-atherosclerotic effect. While anemia and thrombosis
tend to exacerbate inflammation, lymphocytes may help attenuate its
severity.” Thus, NLR has been identified as a biomarker of systemic
inflammation and considered a possible predictor of both risk and
prognosis in CAD.'*" NLR has been studied in many heart diseases
before, and important findings have been discovered.['®"]

As essential immune cells participating in the development of
inflammation and atherosclerosis, lymphocytes and monocytes
additionally affect the prognosis of MI patients. Low lymphocyte
values and elevated monocyte values have been connected with
adverse cardiovascular outcomes in patients with CAD.l'®™ Monocytes
exhibit procoagulant properties in the setting of inflammation and
MI, primarily through the formation of thrombotic monocyte-platelet
aggregates.?% Considering all these factors, it has been suggested that
a composite inflammatory marker reflecting the balance between
lymphocytes and monocytes may yield further value in cardiovascular
risk analysis. Accordingly, the LMR has been regarded as a indicator of
systemic inflammation. Numerous studies have revealed that the LMR is
connected with the severity of cardiovascular disease and mortality.?"2
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Table 1. Basic demographic and laboratory characteristics of the patients

Variables Low Naples (n=73) High Naples (n=52) p-value
Gender (female), n (%) 29(39.7) 17 (32.7) 0.422
Age, (years) 60.3£11.1 62.2£11.0 0.333
TIMI
-1,n (% 20 (27.4 9(17.3
2,n E%; 38 552.1; 27<(51 .;) 0271
-3, n (%) 15 (20.5) 16 (30.8)
GRACE 1.97+0.72 2.03£0.62 0.598
Culprit artery, n (%)
-LAD 33 (45.2) 23 (44.2)
- 24(32.9) 15 (28.8) 0.766
-RCA 16 (21.9) 14 (26.9)
HT, n (%) 50 (68.5) 38 (73.1) 0.580
DM, n (%) 19 (26.0) 10(19.2) 0.375
Dyslipidemia, n (%) 20 (27.4) 18 (34.6) 0.387
CKD, n (%) 5(6.8) 4(7.7) 0.857
Smoking, n (%) 23(31.5) 22 (423) 0.215
Previous MI, n (%) 11(15.1) 7(13.5) 0.801
Previous PCl, n (%) 13(17.8) 5(9.6) 0.198
Percutaneous coronary intervention, n (%) 50 (68.5) 42 (80.8) 0.125
LVEF, (%) 60 (55-60) 60 (53-60) 0.207
WBC, (x10°/ul) 9.2 (8.1-10.8) 10.5 (8.3-12.5) 0.069
Lymphocyte, (x10%/ul) 2.67+1.04 1.89+0.65 <0.001
Neutrophil, (x10°/ul) 5.94+2.51 7.99%3.35 <0.001
Monocyte, (x10/ul) 0.68%0.29 0.72£0.23 0.387
Hemoglobin, (gr/L) 13.7+1.8 13.9+1.8 0.406
Platelet (10%/uL) 259.3£57.0 260.2+87.0 0.948
Glucose, (mg/dL) 112 (101-210) 112 (99-136) 0.679
BUN, (mg/dL) 37.2%13.6 38.0+8.7 0.739
Creatinine, (mg/dL) 0.99£0.26 0.97£0.19 0.703
Albumin, (gr/dL) 3.76£0.48 3.54£0.40 0.005
CRP, (mg/dL) 6.4 (4.0-12.0) 8.2 (5.2-14.3) 0.137
Total cholesterol, (mg/dL) 175.8+34.4 189.2+41.1 0.065
HDL-C, (mg/dL) 36.1£7.1 36.4£6.5 0.844
LDL-C, (mg/dL) 108.3+27.2 117.4+36.6 0.143
Triglyceride, (mg/dL) 156.5+64.7 177.5%58.0 0.059
MACE, n (%) 9(123) 22 (42.3) <0.001
Mortality, n (%) 3(4.1) 15(28.8) <0.001
TIMI: Thrombolysis in myocardial infarction; GRACE: The global registry of acute coronary events; LAD: Left anterior descending; Cx: Circumflex; RCA: Right coronary artery; HT: Hypertension; DM:
Diabetes mellitus; CKD: Chronic kidney disease; MI: Myocardial infarction; PCl: Percutaneous coronary intervention; LVEF: Left ventricular ejection fraction; WBC: White blood cells (10¢/L), BUN: Blood
urea nitrogen; CRP: C-reactive protein: HDL-C: High-density lipoprotein cholesterol (mg/dL); LDL-C: Low-density lipoprotein cholesterol (mg/dL); MACE: Major adverse cardiac events. Data are presented
as mean = standard deviation or n (%). Statistical significance is considered at a p-value of less than 0.05.

In NSTEMI patients, nutritional status plays a crucial role in clinical
outcomes; malnutrition is commonly observed and linked to higher
rates of morbidity and mortality.®! Malnutrition reflects not only
inflammation but also frailty, a condition characterized by increased
vulnerability and dysfunction across multiple physiological systems.
Serum albumin levels can be used as a marker for assessing nutritional
status. Hypoalbuminemia is not only a marker of malnutrition but
also an indicator of systemic inflammation, resulting from the pro-

Cardiovasc Surg Int 2026;13(1):36-43

inflammatory effects of different cytokines that suppress Albs.?
Serum albumin levels reflect protein and calorie intake and indicate
the degree of inflammation and disease severity during acute
illness.” In addition, albumin plays critical roles in maintaining
oncotic pressure, transporting various molecules, scavenging free
radicals, and inhibiting platelet aggregation.’® Hypoalbuminemia
causes impaired endothelial function and increased blood viscosity.?”
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Table 2. Independent predictors of 5-year mortality in univariate and multivariate Cox regression analysis models

Variables Univariate analysis Multivariate analysis
HR 95% Cl p HR 95% Cl p

Age 1.038 0.996-1.083 0.080
Gender 1.063 0.412-2.742 0.900
DM 1.312 0.468-3.680 0.606
HT 3.561 0.819-15.488 0.090

LVEF 0.934 0.886-0.984 0.011 0.952 0.903-1.003 0.067
CRP 3.318 0.959-11.483 0.058

Naples group 7.415 2.146-25.614 0.002 6.762 1.937-23.602 0.003

DM: Diabetes mellitus; HT: Hypertension; LVEF: Left ventricular ejection fraction; CRP: C-reactive protein; Cl: Confidence interval; HR: Hazard ratio. Statistical significance is considered at a p-value of

less than 0.05.
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Figure 4. Naples score/mortality relationship: Bar chart showing
average Naples scores in those with and without mortality.

It also contributes to poor survival rates by reflecting both systemic
inflammation and malnutrition.”® Indeed, a study by Bicciré et al.l2!
demonstrated that low serum albumin values were connected to
elevated death in patients with STEMI. Although hypercholesterolemia
is a recognized major risk factor for CAD,P” hypocholesterolemia—
one of the components of the NPS—has been shown to be linked
to elevated all-cause mortality in patients with CAD.E Although the
underlying mechanism of this paradox remains unclear, several
studies have showed an inverse correlation between TC values and
mortality.£233]

Composed of lymphocyte count, serum albumin concentration,
and TC values, the controlling nutritional status (CONUT) score has
proven to be an effective means of determining nutritional status in
hospitalized populations. The geriatric nutritional risk index (GNRI) is
a practical and widely used scoring system for analyzing nutritional
status and forecasting the risk of morbidity and mortality in older
adults individuals. Both scores include the albumin parameter and
are biomarkers specifically developed to assess nutritional status.
Malnutrition, as evaluated by indices such as CONUT and GNRI, has
been shown to be linked to higher rates of cardiovascular events and
overall mortality.B*3

Validated risk assessment scores such as TIMI, GRACE, and CRUSADE
have been developed to guide the handling of patients suffering from
NSTEMI and the selection of optimal treatment strategies. While the
TIMI and GRACE scores primarily emphasize myocardial ischemic injury
and mortality, the CRUSADE score focuses on bleeding risk assessment.
These prognostic tools have been validated in different populations
and are widely recognized as valuable instruments for clinical
practice. They provide essential guidance in estimating prognosis and
shaping treatment strategies for patients presenting with NSTEMI.
5371 Nonetheless, these scoring systems have limitations, as they do
not incorporate critical factors such as inflammation and nutritional
status, both of which substantially affect cardiovascular outcomes.
As a composite marker of both inflammation and malnutrition, the
NPS may offer a prognostic advantage over isolated biomarkers of
either condition in patients with NSTEMI. This positions the NPS as a
potentially more comprehensive indicator of long-term outcomes in
this patient population.

Cardiovasc Surg Int 2026;13(1):36-43

In recent years, the NPS has been the subject of numerous studies as a
prognostic indicator in cardiovascular diseases. Erdogan et al.”! found
that, inindividuals with STEMI, the NPSwas linked to both in-hospital and
follow-up outcomes, concluding that it was an autonomous indicator of
overall mortality and MACE. In line with these findings, Saylik et al.l®
reported that the NPS may serve as a useful risk classification tool for
evaluating long-term mortality in STEMI patients undergoing primary
PCI. Birdal et al.?® demonstrated that the NPS was markedly inversely
related with EF and may aid in identifying high-risk patients with STEMI.
These results indicate that the NPS could act as a valuable biomarker for
risk classification and prognosis in STEMI patients. Furthermore, Aydin
et al.P% reported that the NPS is a promising separate marker of long-
term mortality in individuals with heart failure. Moreover, studies on
patients undergoing transcatheter aortic valve implantation for severe
aortic stenosis have shown that the NPS is a valuable tool for predicting
mortality and MACE.* These results suggest that the NPS may also be
beneficial in patients with structural heart disease.

As evident from the literature, the prognostic value of the NPS has
been showed in several cardiovascular diseases; however, its role in the
context of NSTEMI remains particularly intriguing. In a study by Gitmez
et al.,['” the NPS was identified as a useful and autonomous indicator
of one-year death in NSTEMI patients undergoing elective PCl. In this
study, we sought to address the gap in the literature by examining
the association of the NPS with both MACE and long-term all-cause
mortality among NSTEMI patients. Our results indicate that the NPS
could function as a practical risk marker for forecasting MACE and long-
term mortality in this patient cohort.

The single-center and retrospective design of our study stands out as the
main limitations. A further limitation of this study is the modest number
of participants and clinical events, which may raise concerns regarding
statistical power and model overfitting. This was due to the inclusion
of consecutive patients within a specific time frame to minimize
potential bias, along with the application of strict exclusion criteria to
reduce the influence of confounding factors. Furthermore, the NPS was
derived from laboratory data collected at hospital admission, without
accounting for subsequent dynamic variations over time. Future wide-
ranging, multi-institutional prospective research are needed to further
clarify the predictive significance of the NPS in NSTEMI patients.

The NPS serves as an important and independent prognostic marker
for both MACE and long-term overall mortality in NSTEMI patients. By
integrating markers of both inflammation and malnutrition, the NPS
enables a comprehensive approach to risk assessment. This makes it a
more valuable tool compared to other biomarkers. Our findings support
the potential utility of the NPS as an affordable and readily applicable
tool to improve risk classification and support therapeutic management
strategy in patients with NSTEMI.
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ABSTRACT

This study examines how cardiac diseases were understood, defined, and treated in medieval Western Europe and the Eastern Islamic world, and explores the
historical transformation of cardiac knowledge within its intellectual and cultural context. This study adopted a historical-comparative qualitative approach.
Medieval medical texts and scholarly traditions were analyzed by situating knowledge of the heart at the intersection of belief, morality, and medical practice.
The study focuses on conceptual definitions of cardiac disease, the impact of Islamic medical knowledge on Western perceptions of the heart, and the
therapeutic approaches used in cardiac treatment. The findings indicate that medieval knowledge of the heart and cardiovascular diseases emerged within a
dynamic intellectual milieu shaped by continuous interaction between East and West. Cardiac anatomy and physiology were addressed with a notable degree
of conceptual depth for the period, while therapeutic approaches largely reflected dietetic and humoral principles. The transmission of Islamic medical
scholarship played a key role in the development of institutional medical learning in medieval Europe. Medieval cardiac medicine reflects a complex and
multifaceted process of knowledge exchange rather than a simple East-West divide. This period constitutes a formative stage in the historical development of
cardiovascular thought and represents an important intellectual foundation for the emergence of modern cardiology.

Keywords: Medieval medicine, cardiac diseases, humoral theory, Islamic medicine, Western medicine.

Modern historiography of medicine has long characterized the Middle
Ages as a “dark age,” interpreting the period as one dominated by
scientific stagnation and scholastic dogmatism. A significant part of
the misconception that portrays the Middle Ages as a period devoid
of scientific progress stems from an insufficient awareness of the
intellectual accumulation and scientific developments that took
place during the Late Middle Ages.l However, since the late twentieth
century, the comprehensive transformation that has taken place in
historiographical approaches to the Middle Ages has led to a profound
reassessment of this conventional perception. In this context, the
Middle Ages is no longer portrayed in the scholarly literature as a
uniformly “dark” period.! This approach has gradually been replaced

by historiographical reinterpretations which emphasize that the
intellectual world of the Middle Ages possessed its own internal logic
and a specific form of rationality. Although the intellectual production
of the period was largely shaped by religious references, it is evident
that processes of observation, experience, and transmission in the
production of knowledge were carried out within a certain framework
of intellectual coherence. At the core of this intellectual framework, the
“heart” occupies a significant symbolic and physiological position. In
Medieval thought, the heart was not only regarded as a physiological
organ, but also as the centre of the soul and faith, and as the point at
which human existence came into contact with divine order. Accordingly,
heart diseases in this period were perceived not only as bodily disorders,
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but also as manifestations of moral and spiritual disruption.! From
this historiographical perspective, it becomes evident that knowledge
production in the Middle Ages was not confined to abstract intellectual
speculation.

In practice-oriented disciplines such as medicine, knowledge developed
within a particular order and internal coherence, and a continuity was
established between theoretical approaches and practical experience.
Reflections on the human body in this period were shaped within an
intellectual milieu in which religious and moral assumptions intersected
with observation-based medical practice.

PATIENTS AND METHODS

This study examines how heart diseases were understood, defined,
and treated in medieval Europe and in the Islamic world, with careful
attention to their historical contexts. Using a historical-comparative
qualitative approach, it frames knowledge of the heart not only
as a medical topic but also as part of wider processes of knowledge
production shaped by belief and moral thought. Accordingly, rather
than establishing a direct continuity between medieval medicine
and modern cardiology, the study seeks to reveal the historical
transformation of the concept of the heart.

Within his framework, the research focuses on the following questions:

» How were heart diseases defined in medieval Western Europe and
Islamic world of the East?

* In what ways did the transmission of medical knowledge from the
Islamic world contribute to the transformation of European conceptions
of the heart?

» What were the principal methods employed in the treatment of heart
diseases in the Middle Ages?

The Heart in Medieval Thought: Symbolic and Medical
Perceptions

It is generally stated that knowledge concerning the anatomy of the
cardiovascular system (CVS) can be traced back to around 3500 BCE,
to the civilization of ancient Egypt. The body of knowledge concerning
the heart —which was defined as a major organ that carried air, urine,
blood, and the vital spirit through a series of channels— was further
developed over the course of history in parallel with advances in this
field, particularly through the Hippocratic Corpus, eventually giving rise
to the recognition of the heart as “the central organ of the CVS” Bl In the
4" century BCE, Aristotle attributed a philosophical meaningto the heart,
conceiving it as the seat of the mind or the soul.®! By the 2" century
CE, Galen approached the subject from a more medical perspective
and, in the context of cardiac function, advanced the theory that the
arteries contained blood rather than air.! Galen’s theories on medicine
—and particularly on the heart— nourished and informed not only the
intellectual world of his own time, but also the knowledge of medieval
European society on these matters for many centuries.”! By synthesizing
the teachings of Hippocrates and Aristotle, Galen attributed to the heart
not only a physiological role but also a philosophical meaning, defining
it —together with the brain and the liver— as one of the principal
organs of the soul. At the same time, he regarded the heart as the
center of vitality and emotions.”! In particular, the humoral —that is,
“four-fluid”— theory proposed by Galen in Antiquity, which became
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the theoretical foundation for the anatomy and physiology of the CVS
throughout Medieval medicine, was endorsed by the Catholic Church
and, for a long period, enjoyed considerable authority in Medieval
Europe.["¥l However, although Galen’s humoral theory was accepted for
many centuries, he misinterpreted the circulation of blood within the
body and, under the erroneous assumption that there were perforations
in the interventricular septum, maintained that blood was consumed as
it passed through the organs and tissues.” For this reason, his views not
only delayed a proper understanding of physiology, but also led to the
misinterpretation of anatomy. Nevertheless, Galen ultimately provided
subsequent generations with a scientific groundwork upon which more
detailed and accurate analyses of the CVS could later be developed.”
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“...Verily, in the body there is a piece of flesh; if it is sound, the whole
body is sound, and if it is corrupted, the whole body is corrupted. Indeed,
that (piece of flesh) is the heart”.®!

As noted above, this hadith transmitted by al-Bukhart and included in
the Kutub al-Sitta —the canonical collection regarded as comprising
sound (sahth) traditions— demonstrates that in Islamic thought the
heart occupies a central position for both bodily and spiritual well-
being. The studies carried out by Muslim physicians on the heart and
the circulatory system in the Middle Ages indicate that the significance
attributed to the heart in this hadith also found a counterpart within
the medical literature. Drawing upon the theoretical legacy of Greco-
Roman physicians such as Hippocrates, Aristotle, and Galen —and at
times criticizing, developing, or even surpassing this tradition— Muslim
physicians including al-Razi, ‘AlT b. al-‘Abbas, Ibn Sina, al-Akhawayni al-
Bukhari, and Ibn al-Nafis made significant contributions through their
medical works, shaping not only the intellectual horizon of their own
age but also they medical knowledge of subsequent periods. In the
Medieval Western world as well, the meanings attributed to the heart
were shaped through a holistic perspective comparable to that found
in the Islamic world. In this period as well, the treatment of the heart
not merely as a physiological organ but in conjunction with moral and
spiritual dimensions indirectly —yet distinctly— influenced the medical
thought of the time; this perspective also played a role in shaping
diagnostic and therapeutic practices. Within the Christian intellectual
tradition, the conception of the heart articulated by Augustine in
his “confessiones” provides a crucial framework for understanding
the mental and spiritual background of medieval Latin medicine.
Augustine, by emphasizing that God knows the depths of the heart
(cor) —which was regarded as the centre of human identity and bodily
existence— located faith, conscience, and moral order within the heart.
1l This perspective provided an intellectual framework in the medieval
Western world that enabled physicians, when addressing heart diseases,
to interpret such conditions not only in terms of physiological causes,
but also in relation to spiritual, emotional, and moral imbalances.

Hildegard von Bingen (1098-1179), a German Benedictine nun and one
of the most influential female intellectuals of twelfth-century Western
Europe, is also known as the “Sybil of the Rhine”.' In “Physica”,
Hildegard von Bingen offers noteworthy observations concerning the
diagnosis and treatment of cardiac disorders within the framework
of herbal therapeutic practices.'" In this context, she states that the

45



46

Ceken M and Giil O. Cardiac diseases in Medieval Western and Eastern

plant known as galingale (galangal),[", which continues to be used in
traditional medicine in some Asian countries even today, has a healing
effect on individuals who experience cardiac pain or whose hearts are
weakened. Hildegard expresses this situation in the following words:
“One with pain in his heart, or with a weak heart, will soon be better if
he eats enough galingale.” In the same work, Hildegard describes yellow
gentian as an herbal remedy that alleviates cardiac pain and restores
the vital force of the heart through its warming quality, stating: “Yellow
gentian (gentiana) is fairly hot. One who suffers heart pain, as if his heart
is just barely alive, should pulverize yellow gentian and eat that powder
in broth, and it will strengthen his heart”.l""}

In the sections devoted to gemstones in “Selected Writings of Hildegard
of Bingen”, Hildegard von Bingen identifies heart pain as a clear
medical symptom and, particularly through her discussion of the onyx
stone, proposes a heat-based therapeutic approach. The practice of
heating the stone with body warmth and using it together with wine is
presented as a treatment that can be interpreted within the prevailing
Galenic framework, in which excess heat was understood as a sign of
imbalance requiring therapeutic correction. The statement in the same
work, “Also for anyone suffering pains in the heart: make the sign of the
cross over their heart with the hyacinth and say the aforesaid words, and
they will feel better”, clearly illustrates that, medical elements are closely
intertwined with symbolic and religious components. The act of holding
the hyacinth stone over the heart and performing the sign of the cross
while reciting a prayer constitutes a significant example of the principle
of body-soul unity that shaped the medical understanding of medieval
Europe. Therefore, the practice in question represents not so much a
medical prescription in the modern sense as a conception of healing
in which humoral balance and religious symbolism are interwoven.["’]

However, this mystical-medical approach did not constitute a
singularly dominant orientation within the medical world of Medieval
Europe; rather, it continued to exist alongside the medical tradition that
developed inthe Mediterranean basin duringthe same period, whichwas
grounded in written texts and the systematic production of knowledge.
In this context, the Salerno Medical School played a significant role in
the institutionalization of European medicine. “The Regimen Sanitatis
Salernitanum”,"! one of the most widespread and influential dietetic
texts of Medieval European medicine, was composed in the twelfth
century within the intellectual milieu of the Salerno Medical School.
Although the author of the work is unknown, it is generally accepted
that it represents the collective intellectual contribution of physicians
belonging to the Salernitan tradition. Its composition in “Leonine” verse
facilitated its memorization and circulation among wide audiences;
in this respect, the work was used for centuries not only within
scholarly circles, but also as a practical health guide. Working within
the established Galenic model, the Regimen articulated cardiac health
through dietary moderation and emotional regulation, assuming that
equilibrium of qualities was essential to bodily stability. The dietetic
and lifestyle practices recommended in “the Regimen Sanitatis” aim to
preserve the balance among these humors; excessive eating, intense
emotional states, and irregular modes of living are presented as among
the primary causes of illness. In particular, emotions such as anger,
sorrow, and excessive joy may have adverse effects on the body, and
consequently on the heart.["”]

In the “Regimen Sanitatis”, the following statements concerning the
heart are included: “Take saffron if your heart make glad you will, but

not too much, for that the heart may kill; which may be rendered as,
“If you wish to cheer your heart, take saffron — but do not exceed the
proper measure, for excess may harm the heart” ' As previously noted,
this statement is significant in that it reflects the perception, within
Medieval medical thought, of the heart as the center of vital heat
and emotional equilibrium. Furthermore, the warning that excessive
use of saffron may be fatal for the heart highlights the importance
of the concept of moderation (temperantia), which constituted a
fundamental principle in the preservation of health. In the “Regimen
Sanitatis Salernitanum,” cardiac health is approached within a regimen
of life that simultaneously takes into account the balance of body
and soul. The work treats a proper diet, mental tranquility, and the
maintenance of a cheerful and unburdened heart as primary elements
in the preservation of health. While the adverse effects of excessive
anxiety and anger on the human body are emphasized, it is stated that
balanced nutrition, regular physical activity, and consistent sleep habits
have a soothing effect on the whole body, including the heart."l This
approach demonstrates that, in Medieval medicine, the heart was also
perceived as a center directly associated with emotional states.

In the Middle Ages, the body of knowledge concerning heart diseases in
Western Europe was largely based on the medical tradition of Ancient
Greece and Rome. However, this heritage circulated in a relatively
limited manner in the West throughout the early Middle Ages, and the
texts of authorities such as Galen and Hippocrates were transmitted
largely without substantial commentary. From the eleventh century
onwards, however, this classical corpus gained a new sphere of
circulation through the political, commercial, and intellectual contacts
that intensified across the Mediterranean basin”.l"37) In this process,
the translation activities carried out particularly within the milieu of
the Salerno Medical School not only enabled the rediscovery of Ancient
Medical knowledge, but also facilitated its transmission to the West
together with original contributions that had been developed within
different intellectual traditions. At this point, Constantinus Africanus
played a decisive role in broadening the intellectual horizon of the
Salerno Medical School during the second half of the eleventh century.
Having also taught at the school for a period, Africanus became closely
acquainted with the Islamic medical tradition during his extended
travelsin the Islamic world. By translating medical texts written in Arabic
into Latin, he facilitated the transmission to Western Europe of classical
works by Islamic physicians, particularly those concerning the diagnosis
and classification of diseases. Constantine’s translation activity provided
an important intellectual foundation for the development, in the
twelfth century, of a systematic and text-based medical education at the
Salerno Medical School. In this context, Johannitius's “Isagoge” and the
“Ars Parva” attributed to Galen, both translated into Latin by Africanus,
were among the core texts incorporated into the Salernitan curriculum.
51 At this point, one aspect requires particular emphasis: the translation
activities carried out through the agency of Constantinus Africanus
should not be regarded as a simple transmission of Ancient and Islamic
medical heritage to the West; rather, they should be understood as an
original form of intellectual production shaped by personal experience,
observation, and critical evaluation.

At precisely this juncture, the studies conducted in the Islamic world
on the heart and the CVS provided, for Western Europe, an indirect yet
decisive framework of reference. The cardiac theories of the Greek and
Roman periods were not only preserved by Islamic physicians but were
also re-examined through methods grounded in observation. In works
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such as “al-Hawi fi al-Tibb” by al-Razi (d. 925)", “al-Kitab al-Maliki” by
‘AlT b. ‘Abbas al-Majist (d. 994), “Hidayat al-Muta ‘allimin fi al-Tibb” by
al-Akhawaynt al-Bukhari (d. 983), and “al-Qaniin fi al-Tibb” by lbn Sina
(d. 1037), the heart is treated not merely as a theoretical center, but
as an anatomical, physiological, and clinical organ. When transmitted
to the Latin world, the approaches developed in these works played
a significant role in the transformation of Western conceptions of
the heart. In this framework, al-Razi’s rejection of Galen’s view that
a bony structure existed at the base of the heart constitutes an early
example of the critique of authority-based knowledge. Meanwhile, the
morphological descriptions provided by ‘AlT b. ‘Abbas concerning the
aorta, the coronary arteries, and the pulmonary artery contributed to the
development of circulatory understanding by drawing attention to the
functional relationships among these vessels. Al-Akhawayni al-Bukhart's
explanations concerning pulmonary circulation and his restriction of
the heart’s primary function to the pumping of blood indicate a gradual
departure from earlier pneuma-centered theories. Although some of
his explanations are regarded as inaccurate from the standpoint of
modern medicine, the identification of the coronary arteries and the
thoracic descending aorta may nonetheless be considered a noteworthy
advancement in Medieval cardiovascular anatomy. Moreover, ‘Al b.
‘Abbas explains the function of the pulmonary artery in a manner that
closely corresponds to modern terminology, defining it as the vessel
that carries blood to the lungs in order to nourish them and to receive
air from them Bl

Ibn Sina, one of the leading figures of the Middle Ages in the field of
cardiovascular studies and a major source of inspiration for modern
research through the theories he proposed, did not disregard the
ideas put forward by physicians of the Greek and Roman periods,
particularly Galen. While Ibn Sina accepted some of these theories,
he critically examined others and introduced new approaches to
the field. For instance, like Galen, Ibn Sina did not regard the heart
merely as an organ that functioned as a pump within the body of living
beings; rather, he conceived of it as a center of power — a source of
life that directed all bodily and emotional functions.'"! In relation
to the cardiosentric model, Ibn Sina, who accepted Aristotle’s theory
concerning the presence of pores in the interventricular septum, made
important observations regarding the origin of the arteries arising from
the heart and the veins located in the liver, as well as the differences in
the thickness of the ventricular walls. In addition, as the first scholar to
identify the difference between atrial and ventricular contractions and
to point to the existence of capillary circulation, he made significant
advances in the anatomical understanding of the heart.[")

Ibn Sina attached great importance to the subject of the heart, a
fact clearly demonstrated by his treatise entitled “Kitab al-Adviyat al-
Qalbiyya” (The Book of Remedies for Cardiac Diseases). In this work, Ibn
Sina provided information on cardiac diseases and certain psychological
disorders that affect the physiology of the cardiovascular organs, and
introduced the medicines that were beneficial in their treatment. The
effects of some of the medicines mentioned by Ibn Sina have been
scientifically demonstrated in modern times."®!

In this work, which examines not only cardiac conditions such as
dyspnea, palpitations, and syncope but also the effects of psychological
disorders—including depression, stress, and anxiety—on the CVS, Ibn
Sina focused on the relationship between the patient’s temperament
and the disorder affecting the heart, and provided significant detail
regarding the medicines required for cardiac diseases. The significance
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attributed to this work is reflected in the fact that it was translated into
Latin twice—in the fourteenth and sixteenth centuries—under the title
De Medicines Cordialibus."

Another prominent Islamic scholar who made significant contributions
to the medieval field of cardiovascular studies through his work on the
anatomy and physiology of the heart was Ibn al-Nafis (d. 1288). Ibn al-
Nafis's most important discovery was the idea with on the movement of
blood between the heart and the lungs”. Ibn al-Nafis was also the first
physician to define the true function of the coronary vessels that supply
the heart. Ibn al-Nafis stated that, after being carried to the right
ventricle, the blood is conveyed to the lungs through the pulmonary
artery, and from there returns to the heart via the pulmonary veins,
before being distributed to the body through the aorta.B! By rejecting
Galen’s claim that the pores in the septum allowed the passage of
blood and spirit between the two chambers, he opposed Galen’s theory
concerning the functioning of the heart.

RESULTS

This study demonstrates that knowledge concerning heart and
cardiovascular diseases in the Middle Ages did not emerge —contrary
to common assumptions— within a stagnant or intellectually regressive
medical framework, but was instead shaped within a dynamic
intellectual milieu that developed through the continuous exchange
between Eastern and Western scholarly traditions and the legacy of
the ancient world. The theoretical framework of ancient medicine
was reinterpreted in the Islamic world and enriched through original
contributions. Consequently, this body of knowledge, transmitted
through translation movements and scholarly channels of exchange,
became incorporated into the institutionalization of Western European
medicine and made a substantial contribution to its development. At
the same time, the Western scholarly milieu did not merely receive
this heritage passively; rather, it re-interpreted and reconstructed it,
further enriching it through its own original intellectual contributions.
Accordingly, the history of medieval medicine reflects a multilayered
circulation of knowledge that developed not through opposition
between East and West, but through processes of continuity and
synthesis.

Another significant finding of the study is that investigations concerning
the cardiovascular organs and heart diseases were extensively addressed
throughout the Middle Ages across different regions and by many of
the leading physicians of the period. Observations and explanations
concerning the anatomy of the heart and the great vessels —and,
to some extent, their physiology— display a noteworthy degree of
conceptual depth within the limits of the period’s scientific possibilities.
A key implication of the present analysis is that medieval approaches to
cardiac illness, while commonly grounded in Galenic humoralism and
expressed through regimen and materia medica, cannot be read as a
linear step toward modern cardiology. Rather, they should be situated
within a period-specific epistemology that explained cardiac disorder in
terms of balanced qualities, bodily temperaments, and affective states,
and that shaped therapy through the medical rationalities of the time.

The pioneering approaches developed by physicians of the Islamic
world concerning the heart, the pulse, the vascular system, and cardiac
diseases were not only influential within their own scholarly milieu,
but were also received with interest by Western medicine and, for
centuries, served as authoritative references in both medical education
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and therapeutic practice. This reception highlights the cross-cultural
mobility of medical knowledge; however, it also suggests that what
circulated in Latin Europe was not a transparent transfer but a mediated
corpus shaped by translation strategies, institutional and curricular
priorities, and the durability of inherited explanatory models—thereby
privileging some claims while muting or reconfiguring others. This case
underscores that medical knowledge circulated through translation,
adaptation, and institutional filtering. Rather than a seamless flow,
transmission involved negotiation, selective uptake, and occasional
resistance—processes that shaped what was preserved, transformed, or
left aside.

In conclusion, the Middle Ages represents a critical period in which the
earliest universities emerged —such as the Salerno Medical School—
and in which medical thought began to acquire an institutional
framework. The diagnostic and therapeutic approaches developed
in relation to heart and vascular diseases during this period are not
merely matters of historical curiosity; they are also of great significance
for understanding the intellectual background of modern medicine.
For this reason, the medical heritage of the Middle Ages constitutes
a significant scientific legacy that deserves to be re-examined, both
for understanding the historical development of heart and vascular
diseases and for revealing the intellectual continuity within which
modern clinical knowledge was formed.
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ABSTRACT

latrogenic hepatic artery injury during cholecystectomy is a serious complication, often exacerbated by inflammation and anatomical variations of the
vascular structures. In this case report, a 16-year-old patient undergoing laparoscopic cholecystectomy for cholecystitis sustained a hepatic artery injury. The
cardiovascular surgery team performed an interposition graft using the saphenous vein to restore arterial flow. Systemic heparinization was administered
intravenously at a dose of 100 IU/kg before vascular clamping. Hemostasis was achieved through temporary clamping of the celiac trunk branches. Contrast-
enhanced computed tomography angiography on postoperative day 5 confirmed the patency of the graft. In cases where bile duct and hepatic artery injuries
occur simultaneously, a multidisciplinary approach is essential to improve patient outcomes and minimize complications.

Keywords: Hepatic artery, cholecystectomy, saphenous vein graft, pediatric vascular injury.

latrogenic injury to the hepatic arteries during cholecystectomy is a
significant and potentially life-threatening complication. Inflammatory
changes in the hepatobiliary region and anatomical variations in
vascular structures can complicate surgical dissection and increase
the risk of such injuries. The incidence of combined injury to the
extrahepatic bile ducts and hepatic afferent vessels has been reported
to be approximately 30%, which can severely compromise the patient’s
overall clinical condition. Bile duct injury during cholecystectomy
remains a serious and potentially fatal complication. Over the past two
decades, studies have reported that the incidence of complications
associated with laparoscopic cholecystectomy ranges from 0.5% to 1.4%.["!
Concomitant injury to hepatic vessels and bile ducts significantly
increases patient mortality.>¥ Clinical studies have reported the
incidence of combined extrahepatic bile duct and hepatic artery
injuries during cholecystectomy to range from 13.8% to 26%.5° Due to
limited experience in some centers, standardized treatment strategies
for managing such complex cases have not been fully established. In
this study, we present a case of successful surgical management of a
hepatic artery injury sustained during cholecystectomy.

CASE REPORT

Informed consent was secured from the patient for the publication of
this case and the accompanying images.

A 16-year-old female patient with a known history of symptomatic
cholelithiasis presented to the emergency department with nausea,
right upper quadrant pain radiating to the shoulder, fever, chills,
and generalized fatigue. On admission, the body temperature was
38.5 °C. Laboratory tests showed elevated inflammatory markers:
C-reactive protein 98 mg/L; amylase: 44 U/L; lipase: 26 U/L. Abdominal
ultrasonography revealed gallbladder wall thickening and multiple
stones consistent with acute cholecystitis. The patient was admitted to
the pediatric surgery service and scheduled for elective laparoscopic
cholecystectomy following stabilization.

During the laparoscopic procedure, significant arterial bleeding
was encountered in the hepatobiliary region, which could not be
adequately controlled using minimally invasive methods. Due to
impaired visualization and the need for vascular repair, the procedure
was converted to open cholecystectomy. Intraoperative findings
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prompted an urgent consultation with the cardiovascular surgery team.
Hemostasis was initially achieved by temporary vascular clamping of
the celiac trunk branches using atraumatic vascular clamps. Further
exploration revealed a full-thickness transection of the proper hepatic
artery. Systemic anticoagulation was initiated with intravenous heparin
at a dose of 100 IU/kg prior to vascular repair.

A saphenous vein graft was harvested from the lower extremity, and an
interposition graft was performed to restore arterial continuity (Figure
1). Concurrently, due to the associated bile duct injury, the general
surgery team performed a Roux-en-Y hepatojejunostomy for biliary
reconstruction. The patient was transferred to the pediatric intensive
care unit postoperatively. Recovery was uneventful, and no inotropic
support was required.

Liver  function  tests—aspartate  aminotransferase,  alanine
aminotransferase, and gamma-glutamyl transferase—along with
bilirubin levels, gradually returned to normal. To protect the
vascular graft, low molecular weight heparin therapy was initiated.
On postoperative day 5, contrast-enhanced computed tomography
angiography confirmed the patency of the hepatic artery and adequate
graft perfusion (Figure 2). The patient was discharged in stable condition
after full clinical and biochemical recovery.

DISCUSSION

Hepatic artery injuries during laparoscopic cholecystectomy are rare but
potentially life-threatening complications, especially in the presence of
inflammation, anatomical variations, or surgical inexperience. In our
case, conversion to open surgery was essential for adequate exploration
and vascular control. This approach allowed for prompt identification
and successful repair of the hepatic artery using a saphenous vein
interposition graft.

Figure 1. Intraoperative image showing hepatic artery repair with
saphenous vein interposition graft. The saphenous vein graft is
visible between the proximal and distal hepatic artery segments
(yellow arrow).

Figure 2. Postoperative CT angiography showing patent saphenous
vein graft on postoperative day 5. White arrow indicates the course
of the graft and confirms arterial continuity without thrombosis
(yellow arrow).

CT: Computed tomography.

Although some studies suggest that isolated hepatic artery injuries
may not require revascularization due to intrahepatic collateral flow,!"
this may not apply to pediatric patients, whose collateral networks are
often underdeveloped. In such cases, prompt surgical intervention is
necessary to prevent ischemia-related liver damage.

This case is particularly notable due to the patient’s young age and the
successful use of a saphenous vein graft for arterial reconstruction. While
most hepaticartery injuries occur in adults, pediatric cases are extremely
rare. A recent report by Akis Yildiz et al.Pl described a 6-year-old child
with a similar vascular injury during laparoscopic cholecystectomy,
underscoring both the rarity and the technical complexity of such
cases in children. Ferrada et al.®} emphasized that combined biliary
and vascular injuries may necessitate aggressive interventions such
as percutaneous revascularization or staged hepatectomy. However,
early recognition and immediate surgical repair can help avoid more
extensive hepatic resections.

Although Singla et al.l! suggested that injuries to the right hepatic
artery may not significantly affect mortality due to collateral circulation,
this does not hold true for all pediatric patients. Therefore, early
revascularization should be prioritized in children. Furthermore,
existing literature supports the feasibility and durability of saphenous
vein grafts in emergency hepatic artery reconstruction.” In our case,
the uneventful postoperative course and the documented graft patency
on imaging support this approach.

In conclusion, hepatic artery injury in pediatric patients, though rare,
requires prompt recognition and coordinated management. Saphenous
vein interposition grafting can be an effective method to restore arterial
continuity when performed early and in conjunction with definitive
biliary repair. This case highlights the importance of multidisciplinary
collaboration in achieving favorable outcomes in complex hepatobiliary
injuries.
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ABSTRACT

Extracranial internal carotid artery (EICA) aneurysms constitute a significant clinical concern and are exceedingly rare. The most concerning major complications
are rupture and thromboembolism. Treatment options for extracranial carotid artery aneurysms include open surgery, endovascular interventions, and non-
operative approaches. Although endovascular interventions have gained popularity, surgical treatment: Complete removal of the aneurysm sac and arterial
reconstruction still remains relevant. In this article, we will examine a patient with an EICA aneurysm who has been followed up with medical treatment for
years. We will discuss the successful interposition of the aneurysm sac with a polytetrafluoroethylene graft following aneurysmectomy.

Keywords: Carotid artery aneurysm, extracranial, internal carotid, surgical reconstruction, endovascular intervention, stent-graft.

Extracranial internal carotid artery (EICA) aneurysms are exceedingly
rare, constituting less than 1% of all peripheral artery aneurysms.
They are most frequently located near the carotid bifurcation, with
the second most common site being the mid-region of the internal
carotid artery (ICA)." The primary etiological factor is atherosclerosis,
particularly in elderly patients. Less common causes include previous
carotid surgery, trauma, radiation exposure, fiboromuscular dysplasia,
and infection. Although EICA aneurysms are often asymptomatic and
found incidentally, they can present more symptoms than intracranial
aneurysms. Common symptoms include a pulsatile mass, signs of
compression on surrounding tissuesand cranial nerves, and neurological
complications such as transient ischemic attack and stroke. The most
concerning complications are rupture and thromboembolism. Although
endovascular interventions have gained popularity, surgical treatment:
Complete removal of the aneurysm sac and arterial reconstruction still
remains relevant. Other treatment modalities include endovascular
options and medical management, which encompasses regular follow-
up for asymptomatic patients, strategies to prevent aneurysm sac
growth, and antithrombotic therapy.

This article examines a case involving an EICA aneurysm in a patient
who underwent ICA reconstruction following aneurysmectomy.

In this case report, patient anonymity was preserved and written
informed consent was obtained from the patient after informing them
about the scientific use and publication of the case details.

CASE REPORT

An 81-year-old woman was admitted to the hospital with a neck mass
that has been monitored for 4 years and has exhibited progressive
growth. Diagnostic tests indicated a 7x8 ¢cm pulsatile mass in the left
cervical region of the carotid artery, which expands during systole
(Figure 1).

The patient was diagnosed with an EICA aneurysm and subsequently
underwent surgical intervention. Under general anesthesia, a precise
incision was made in the skin and subcutaneous tissue at the location of
the left carotid artery. The aneurysm sac was meticulously dissected from
the surrounding tissues, ensuring the preservation of vascular and nerve
structures. The common carotid artery and external carotid artery were
explored and secured with tape. Following heparin administration, a
clamp was applied to the common carotid artery, and the aneurysm sac
was opened, with continuous electroencephalogram (EEG) monitoring
in place. The ICA was identified at the distal end of the aneurysm, which
was occluded using a carotid shunt, allowing for effective bleeding
control. One end of an 8-mm ringed polytetrafluoroethylene (PTFE)
graft was anastomosed end-to-end to the distal ICA. The shunt was
then removed, and a clamp was placed over the graft. The other end
of the graft was subsequently anastomosed end-to-end to the healthy
carotid tissue at the bifurcation level (Figure 2). Upon releasing the
clamp, the aneurysm sac was wrapped around the graft. There were no
EEG changes noted during the procedure, and no complications were
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observed. Carotid clamp time was 19 min. The patient was successfully
awakened in the operating room and extubated. In the postoperative
period, anticoagulant treatment was performed with subcutaneous low
molecular weight heparin and antiaggregant treatment with aspirin and

Figure 1. An aneurysmal mass is noted in the left cervical carotid
region.

Figure 2. (A) The skin and subcutaneous tissue were incised in the
left cervical carotid region, and the aneurysm sac was dissected from
the surrounding tissues for thorough exploration; (B) The aneurysm
sac was opened, and suspension sutures were applied to the sac wall,
revealing the absence of thrombus within the sac; (C) Following the
aneurysmectomy, an 8 mm ringed PTFE graft was interposed in the
left internal carotid artery.

PTFE: Polytetrafluoroethylene.
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clopidogrel. The postoperative period was uneventful and the patient
was discharged on the third postoperative day without any neurological
complications and with stable parameters.

DISCUSSION

Carotid artery aneurysms were initially managed with proximal ligation.
Subsequently, cases emerged involving end-to-end anastomosis
following aneurysmectomy and later, the use of prosthetic grafts.
Currently, treatment options for extracranial carotid artery aneurysms
encompass open surgery, endovascular interventions, and non-
operative methods. Since the advent of open surgical treatment for
EICA aneurysms in 1805, surgical techniques have progressed; however,
open surgery has consistently been the preferred approach for this
condition. Despite advancements in endovascular interventions,
open surgery remains the standard of care. The primary objective of
surgical intervention is to excise the aneurysm and restore arterial
continuity. When reviewing the literature, we see that there are several
approaches to the surgical treatment of EICA aneurysms: End-to-end
anastomosis after aneurysmectomy, interposition with an autologous
saphenous vein graft, or repair of the aneurysm using a saphenous
vein patch. For small and elongated EICA aneurysms, an end-to-end
anastomosis may be executed post-aneurysmectomy, or interposition
may be conducted using either the saphenous vein or synthetic graft
materials (PTFE or Dacron). In our case, due to the size and shape of
the aneurysm sac, we opted for interposition with a PTFE graft after
aneurysmectomy. One study compared five-year patency rates between
patients receiving interposition with a synthetic graft versus those with
saphenous vein grafts, yielding rates of 88.9% and 66.4%, respectively.?
Another study indicated a 90% patency rate at 30 months for patients
undergoing open surgery.ll A review of the literature has identified
publications demonstrating acceptable mid-term outcomes with
endovascular interventions.”! Additionally, these publications suggest
criteria favoring an endovascular approach, including distal cervical ICA
aneurysms, prior neck surgery, and previous neck radiation. Another
study has shown that endovascular stenting in the treatment of EICAs
has acceptable clinical and radiological outcomes, but prospective and
larger studies are needed to further confirm the safety and long-term
patency of endovascular repair.’! Non-operative treatment is generally
recommended for asymptomatic, small, and stable aneurysms,
particularly in patients with significant comorbidities. This approach
includes antithrombotic therapy, management of cardiovascular risk
factors, and regular ultrasound monitoring."

EICA aneurysms, while rare, represent a serious clinical condition due
to their potential to result in severe neurological complications. The
gold standard for treatment involves the removal of the aneurysm and
restoration of arterial continuity. Open surgery is regarded as the first-
line treatment for symptomatic and large aneurysms.

Ethics

Informed Consent: In this case report, patient anonymity was
preserved and written informed consent was obtained from
the patient after informing them about the scientific use and
publication of the case details.



54

Yusifli A, et al. Extracranial internal carotid artery aneurysm: Surgical approach

Footnotes
Authorship Contributions

Surgical and Medical Practices: AK., S.B; Concept: AY,;
Design: A.Y.; Data Collection or Processing: A.Y., M.F.A.; Analysis or
Interpretation: A.Y.; Literature Search: A.Y.; Writing: A.Y.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study received
no financial support.

REFERENCES

Fankhauser GT, Stone WM, Fowl R}, O'Donnell ME, Bower TC, Meyer FB, et al.
Surgical and medical management of extracranial carotid artery aneurysms.
J Vasc Surg. 2015;61:389-93. doi: 10.1016/j.jvs.2014.07.092.

Donas KP, Schulte S, Pitoulias GA, Siebertz S, Horsch S. Surgical outcome
of degenerative versus postreconstructive extracranial carotid artery
aneurysms. J Vasc Surg. 2009;49:93-8. doi: 10.1016/j.jvs.2008.08.006.

Srivastava SD, Eagleton MJ, O’Hara P, Kashyap VS, Sarac T, Clair D. Surgical
repair of carotid artery aneurysms: a 10-year, single-center experience. Ann
Vasc Surg. 2010;24:100-5. doi: 10.1016/j.avsg.2009.09.006.

Li Z, Chang G, Yao C, Guo L, Liu Y, Wang M, et al. Endovascular stenting
of extracranial carotid artery aneurysm: a systematic review. Eur ] Vasc
Endovasc Surg. 2011;42:419-26. doi: 10.1016/j.ejvs.2011.05.008.

Giannopoulos S, Trinidad E, Aronow H, Soukas P, Armstrong EJ. Endovascular
repair of extracranial carotid artery aneurysms: a systematic review. Vasc
Endovascular Surg. 2020;54:254-63. doi: 10.1177/1538574419895383.

Cardiovasc Surg Int 2026;13(1):52-54



