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Abstract

Background Postoperative stroke is one of the most serious consequences of cardiac surgery. Morbidity risk
assessment is critical for preoperative risk assessments and resource allocation. In this article, we aim to investigate
the predictive value of Society of Thoracic Surgeons (STS) score’s effectiveness in stroke risk in cardiothoracic surgery
patients in our population.

Methods This retrospective cohort study was conducted at Aga Khan University Hospital (AKUH) using a consecutive
sampling technique. The study included all eligible patients aged 18 years or older who underwent cardiac surgical
procedures between January 2010 and December 2016. Of the 3,898 patients initially identified, 814 records were
excluded due to incomplete data or pre-existing conditions. Statistical analyses, including chi-square tests, t-tests, and
logistic regression, were performed to identify significant predictors of stroke. Prediction accuracy was assessed using
a Receiver Operating Characteristic (ROC) curve, with Youden's J statistic employed to determine optimal sensitivity
and specificity thresholds.

Results Out of 3,084 patients, 52 (1.7%) experienced a postoperative stroke. Stroke patients were significantly older
(mean age 62.8 years vs. 57.7 years). They also had higher white blood cell count (10.7+5.1 vs. 9.3+3.3) and a longer
history of myocardial infarction (9.2+9.3 years vs. 6.9+ 7.6 years). Cardiovascular interventions (15.4% vs. 7.7%),
postoperative congestive heart failure (21.1% vs. 7.3%), and use of inotropes (5.8% vs. 1.6%) were more prevalent in
stroke patients. Emergent surgical status (19.2% vs. 13.4%) and complications such as dialysis, prolonged ventilation,
and intra-aortic balloon pump use were also significantly higher. The predictive model demonstrated strong accuracy
in predicting postoperative stroke (AUC: 0.841, CI: 0.794-0.888). The ROC analysis for the STS stroke model showed
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high sensitivity (90.4%) and negative predictive value (99.7%), with moderate specificity (64.3%) and overall accuracy
(64.8%), indicating excellent performance in ruling out stroke but moderate reliability in identifying positive cases.

Conclusion The STS risk score demonstrated strong predictive accuracy for postoperative stroke risk in cardiothoracic
surgery patients, effectively incorporating clinical factors already accounted for in the comprehensive set of 70

variables used in its calculation.

Keywords Society of thoracic surgeons (STS) score, Cardiothoracic surgery, Post-operative stroke, Stroke risk
prediction, Logistic regression, Receiver operating characteristic (ROC) curve, Area under the curve (AUC), Accuracy

Introduction

Stroke is defined as any confirmed neurological deficit
of abrupt onset caused by disrupted blood supply to the
brain which remains unresolved after 24 h [1]. It is one
of the leading causes of death and morbidity worldwide,
both in developed and, increasingly, in low- and middle-
income countries (LMICs) [2]. Ischemic or hemorrhagic
perioperative stroke that happen during or within 30 days
after surgery—can be a fatal consequence. The incidence
ranges from 0.1 to 0.7% for those having non-cardiac and
non-neurological surgery, from 1 to 5% for those having
cardiac surgery, and from 1 to 10% after neurological sur-
gery [3]. Despite advancements in procedural safety, car-
diac surgeries continue to carry a high perioperative and
postoperative risk [4].

To combat this, a myriad of risk stratification models
has been designed over the years to develop patient risk
profiles for evaluating intraoperative risk. These models
can predict post-operative mortality and morbidity prior
to surgery [5]. Among these, the Society of Thoracic Sur-
geons (STS) risk score calculator is widely used due to
its validated accuracy, which is based on a large sample
size of 774,881 and comprehensive clinical data [6]. This
model works on multiple main categories: isolated coro-
nary artery bypass grafting (CABG), isolated aortic valve
replacement (AVR), isolated mitral valve replacement or
repair (MVRR), AVR+CABG, and MVRR +CABG to
predict post-operative outcomes for numerous compli-
cations as defined by STS. Thus, STS calculator serves
as a useful way to foresee certain serious complications
[7]. Early and delayed post-operative strokes have dif-
ferent risk factors such as age, gender, diabetes, hypo-
tension and decreased cardiac output, some of which
often are not accurately assessed clinically for the risk of
stroke prior to surgery. Subsequently, this can lead to an
underestimation of the risk of postoperative stroke. The
STS calculator offers a more accurate risk assessment,
which is crucial for surgical planning to help reduce the
incidence of stroke [8]. A retrospective study performed
using data from the STS adult cardiac database on 11,190
indexed cardiac operations done in University of Pitts-
burgh reported post-operative mortality in 2.2% (246
patients), with stroke accounting for 2.4% of these deaths
[9].

The use of risk stratification models can assist in this
process; however, their performance may vary across dif-
ferent populations. For example, the EURO score was
predominantly used in European populations for a long
time. When it was compared to the STS score in a U.S.
population by the University of Virginia, it was concluded
that the STS score was more effective for the U.S. popula-
tion [10]. The STS risk score has proven to be the most
effective stratification tool within the Pakistani popu-
lation [11]. Thus, the STS score can be a valuable tool
for predicting the risk of comorbidities, such as stroke,
which require timely recognition and efficient alloca-
tion of healthcare resources. This may be especially ben-
eficial in financially and resource-constrained countries
like Pakistan [12]. To the best of our knowledge, there
is limited literature evaluating the validity of the STS
score specifically for predicting stroke in any population.
Therefore, the aim of our study is to explore the validity
of the STS calculator as a tool for predicting the risk of
postoperative stroke in cardiac surgery patients within
the Pakistani population.

Methods

Data source

This retrospective cohort study was conducted at Aga
Khan University Hospital in Karachi, Pakistan, to evalu-
ate the validity of the Society of Thoracic Surgeons (STS)
Risk Calculator in predicting stroke morbidity in patients
undergoing cardiac surgery. A consecutive sampling
technique was employed, including all eligible patients
aged 18 years or older who underwent any cardiac surgi-
cal procedure between 2010 and 2016.

The data was retrieved from the computerized data-
base of the Cardiothoracic Surgery (CTS) department.
Included procedures encompassed isolated surgeries
such as Coronary Artery Bypass Grafting (CABG), Aor-
tic Valve Replacement (AVR), and Mitral Valve Replace-
ment (MVR), as well as combined procedures like
AVR + CABG, MVR+CABG, and MV repair + CABG.
Independent variables such as patient demographics,
medical history, procedure details, and clinical charac-
teristics were gathered. For this study, in-hospital data
was collected with a primary focus on preoperative test
results, including all the laboratory values necessary for
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calculating the STS score. Postoperative data included
creatinine levels, discharge medications, the duration of
hospital stay, and 30-day mortality following cardiac sur-
gery. The STS score, an algorithmic learning-based risk
prediction model, was calculated using an online risk cal-
culator [13].

The actual results were stated as qualitative variables.
The study was granted an exemption by the Ethical
Review Committee of Aga Khan University.

Patient populations

A consecutive sampling technique was employed, includ-
ing all eligible patients aged 18 years or older who under-
went any cardiac surgical procedure between 2010 and
2016. The analysis was conducted based on the type of
surgical procedure, including all patients regardless of
their survival status during hospitalization, resulting in
an initial dataset of 3,898 records. However, records with
missing data necessary to calculate STS mortality, as well
as those of patients with pre-existing renal failure or a
history of stroke (n=814 records), were excluded from
the analysis. Consequently, the final study cohort com-
prised 3,084 records.

Statistical analysis

Statistical analyses were conducted using Python ver-
sion 3.5 and R version 4.1.3, focusing on descriptive sta-
tistics, including mean, standard deviation, minimum,
maximum, frequencies, and percentages for continuous
variables. The study aimed to examine the relationships
between demographic, clinical, and laboratory variables
and stroke morbidity. Categorical variables were analyzed
using chi-square or Fisher’s exact tests, while continuous
variables were evaluated using either an independent
sample t-test or a Mann-Whitney U test.

Univariate analysis identified significant variables for
further investigation. These variables, with p-values
less than 0.05, were included in a binary logistic regres-
sion model. Multivariate analysis employed stepwise
backward selection, retaining only those variables with
p-values below 0.05 in the final model. The stroke mor-
bidity prediction was assessed using a Receiver Operating
Characteristic (ROC) curve, and the area under the AUC
curve was calculated with a 95% confidence interval.

Youden’s ] statistics were utilized to determine the opti-
mal cutoff point for the prediction probability score. At
various cutoff points, sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV)
were calculated, each with a 95% confidence interval. The
results were presented as relative risk (odds ratio, OR)
with a 95% confidence interval, and findings were dis-
played through charts, tables, and figures.
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Results

The study population comprised 3,084 patients, of whom
3,032 did not experience postoperative stroke, while 52
patients did. The demographic and clinical character-
istics of all patients are summarized in Table 1 while a
matched cohort analysis of clinical and demographic fac-
tors is presented in Table 2. Patients who experienced
postoperative stroke were significantly older (p<0.001).
The mean age of patients without postoperative stroke
was 57.7 years (+12.1), compared to 62.8 years (+11.2)
for those with postoperative stroke.

Gender, hypertension, diabetes, family history of coro-
nary artery disease (CAD), and obesity were found to
be statistically insignificant factors. Specifically, none of
the patients without postoperative stroke were receiving
immunosuppressive therapy, while 1.9% of the patients
with postoperative stroke were on immunosuppressive
treatment.

Regarding hematological parameters, the creatinine
levels, platelet counts, and hematocrit (HCT) levels in
our patients did not show significant difference. WBC
counts were significantly higher in postoperative stroke
patients (10.7+5.1) compared to non-stroke patients
(9.3+3.3).

Past medical history of coronary artery bypass graft-
ing, valvular procedures, and myocardial infarction were
not significant. However, the previous CV intervention,
duration since myocardial infarction and post-operative
congestive heart failure (CHF) were found to be signifi-
cant. A history of CV intervention was seen in 15.4% of
patients who developed a postoperative stroke, as com-
pared to 7.7% of patients who did not develop a post-
operative stroke. In addition, the time since myocardial
infarction was significantly longer in postoperative stroke
patients (9.2+9.3 years vs. 6.9+7.6 years, p<0.05). Simi-
larly, postoperative congestive heart failure was observed
in 21.1% of stroke patients, compared to 7.3% of non-
stroke patients (p <0.001).

When assessing angina types, stable angina did not
appear to influence postoperative stroke (Table 1). How-
ever, both the rest of the angina and new class angina
were significantly associated with increased postop-
erative stroke risk (p<0.001). Cardiogenic shock and
arrhythmias aren’t significant, but the use of inotropes
is significantly higher in postoperative stroke patients
—5.8% of postoperative stroke patients were using ino-
tropes before surgery as compared to 1.6% of non-post-
operative stroke patients.

The use of beta blockers, ADP inhibitors, ACE inhibi-
tors, steroids, and Glycoprotein IIb/Illa inhibitors, as
well as resuscitation, did not significantly affect postop-
erative stroke risk. There is a significantly higher number
of patients with elective status among non-postopera-
tive stroke patients (79.9% for non-postoperative stroke
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Table 1 Patient demographics and clinical factors with postoperative stroke incidence
Demographics & Clinical Characteristics Total Postoperative Stroke p-value
No Yes
Total 3084 3032 52 -
Factors
Age in Years 578(£12) 57.7 (£12.1) 628 (x11.2) 0.003*
Age Groups
<55 Years 1040 [33.7%] 1031 [34%] 9[17.3%] 0.012%
>=55 Years 2044 [66.3%) 2001 [66%] 43[82.7%]
Gender
Male 2340 [75.9%) 2300 [75.9%] 40 [76.9%] 0.859
Female 744 [24.1%) 732 [24.1%]) 12 [23.1%]
Body Mass Index (BMI) 26.6 (£4.6) 26.6 (£4.6) 26.6 (£5) 0.938
Obesity
Non-Obese 1903 [61.7%)] 1873 [61.8%] 30 [57.7%] 0.548
Obese 1181 [38.3%] 1159 [38.2%] 22 [42.3%]
Factors
Iso_CABG 2610 [84.6%)] 2565 [84.6%) 45 [86.5%)] 0.700
Iso_AVR 171 [5.5%] 170 [5.6%] 1[1.9%] 0.250
Iso_MVR 332 [10.8%) 325[10.7%] 7 [13.5%)] 0527
AVR_CABG 36 [1.2%] 36 [1.2%] 0 [0%] 0429
MVR_CABG 40 [1.3%] 39[1.3%] 1[1.9%] 0.687
MV_Repair 16 [0.5%] 16 [0.5%] 0 [0%)] 0.599
MV_Repair_CABG 10 [0.3%] 10[0.3%] 0 [0%] 0678
Comorbid Conditions
Dialysis 35[1.1%] 34 [1.1%] 111.9%] 0.588
Hypertension 2111 [68.5%) 2072 [68.3%) 39 [75%] 0.305
Immunosuppressive Treatment 1 [0%)] 0 [0%)] 1[1.9%] <0.001*
Family History of CAD 1439 [46.7%)] 1416 [46.7%) 23 [44.2%) 0.723
Diabetes 1564 [50.7%) 1543 [50.9%] 21 [40.4%] 0.133
Chronic Lung Disease 94 [3%)] 91 [3%] 3 [5.8%] 0.250
Hematological Parameters
HCT 36.2 (£7.5) 36.2 (£7.5) 374 (£6.5) 0.256
WBC 93 (x34) 9.3 (£33) 10.7 (£5.1) 0.004*
Creatinine levels 1.1 (+0.7) 1.1 (+0.7) 13(+0.7) 0.051
Platelet Levels 202,000 202,000 198,000
(259000 - 153000) (274000 - 153000) (251000 —135000)
Previous Cardiac History
Previous CV Interventions 242 [7.8%)] 234 [7.7%)] 8[15.4%) 0.041*
Previous Coronary Artery Bypass 44 [1.4%) 44 [1.5%] 0 [0%)] 0.382
Previous Valve 48 [1.6%] 46 [1.5%] 2 [3.8%] 0.179
Myocardial Infarction 1313 [42.6%) 1288 [42.5%)] 25 [48.1%)] 0418
Time since last Ml (Years) 69(x£7.7) 69 (x£7.6) 9.2(x£93) 0.034*
Congestive Heart Failure (CHF) 231 [7.5%)] 220 [7.3%)] 11[21.2%)] <0.001*
Angina 2498 [81%] 2456 [81%] 42 [80.8%)] 0.966
Type of Angina
Stable 1178 [47.2%)] 1161 [47.3%)] 17 [40.5%] 0410
Unstable 1319 [52.8%] 1294 [52.7%] 25 [59.5%]
Unstable Type 1339 1270 25
Rest Angina 659 [49.2%) 648 [49.3%] 11 [44%) <0.001*
New class 631 [47.1%] 621 [47.3%)] 10 [40%] <0.001*
Non-Q Ml 3[0.2%] 3[0.2%)] 0 [0%)] 0.691
Post Infarct 46 [3.4%)] 42 [3.2%)] 4 [16%] 0.263
Cardiac
Cardiogenic_Shock 86 [2.8%] 84 [2.8%] 2 [3.8%] 0.640
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Table 1 (continued)
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Demographics & Clinical Characteristics Total Postoperative Stroke p-value
No Yes

Arrhythmia 133 [4.3%] 129 [4.3%] 4[7.7%]) 0.226

Inotropes 53 [1.7%] 50[1.6%] 3[5.8%] 0.023%

Beta Blockers

ADP Inhibitors 113 [3.7%] 111 [3.7%] 2[3.8%] 0.944

ACE Inhibitors 313[10.1%] 307 [10.1%] 6[11.5%] 0.738

Beta Blockers 1779 [57.7%] 1754 [57.8%] 25 [48.1%] 0.157

Steroids 19 [0.6%] 18 [0.6%] 1[1.9%)] 0.224

Glycoprotein llb/llla Inhibitor 3020 [97.9%)] 2969 [97.9%] 51 [98.1%] 0.938

Resuscitation 45 [1.5%)] 44 11.5%] 1[1.9%)] 0.778

Status of the Patients

Elective 2441 [79.2%] 2409 [79.5%)] 32[61.5%] 0.002*

Urgent 417 [13.5%)] 407 [13.4%)] 10 [19.2%] 0.225

Emergent 222 [7.2%] 212 [7%] 10 [19.2%] <0.001*

Salvage 4[0.1%] 4[0.1%] 0 [0%] 0.793

Main Indicators

|IABP 205 [6.6%] 198 [6.5%] 7 [13.5%)] 0.047*

Dialysis newly required 33[1.1%] 30 [1%] 3[5.8%] <0.001*

Prolonged Ventilation 24 h 288 [9.3%] 276 [9.1%] 12 [23.1%] <0.001*

Deep sternal wound infection 51[0.2%)] 51[0.2%)] 0 [0%] 0.769

Reopen 102 [3.3%] 100 [3.3%] 2[3.8%] 0.827

Long Duration

<14 Days 2828 [91.7%] 2792 [92.1%] 36 [69.2%] <0.001*

>=14 Days 256 [8.3%] 240 [7.9%] 16 [30.8%]

Shorter Duration

>=6 Days 1902 [61.7%] 1873 [61.8%] 29 [55.8%] 0377

<6 Days 1182 [38.3%] 1159 [38.2%] 23 [44.2%)

Mortality 30 Days

Alive 2982 [96.7%) 2936 [96.8%] 46 [88.5%] <0.001%

Expired 102 [3.3%] 96 [3.2%] 6[11.5%]

patients versus 61.5% for postoperative stroke patients).
Similarly, emergent status was more common among
postoperative stroke patients (19.2% for postopera-
tive stroke, as compared to 13.4% for non-postoperative
stroke, p<o0.001).

Among patients without postoperative stroke, 6.5%
were on preoperative intra-aortic balloon pump (IABP),
while 13.5% of patients with postoperative stroke were on
preoperative IABP (p=0.047). This indicates a significant
difference. Before the surgery our patients had normal
kidney functions. After cardiac surgery, dialysis is more
commonly required in postoperative stroke patients
(5.8% for postoperative stroke versus 1% for without
postoperative stroke, p<0.001). Additionally, 23.1% of
postoperative stroke patients required prolonged venti-
lation (24 h) after surgery, compared to 9.1% of without
postoperative stroke patients(p <0.001).

Figure 1 illustrates the ROC curve, where an AUC of
0.841 shows the model’s predictive performance. Addi-
tionally, Fig. 2 shows a low positive predictive value
(PPV) of 4.2% and an exceptionally high negative predic-
tive value (NPV) of 99.7%. The ROC analysis of the STS

stroke model, as presented in Fig. 3 and the supplemen-
tary table, demonstrates high sensitivity at 90.4% (95%
CI: 78.8-96.2%) and moderate specificity at 64.3% (95%
CI: 62.6-66.0%). The model’s overall accuracy is 64.8%.
A statistically significant p-value of 0.01, along with an
AUC of 0.88, underscores the model’s strong predictive
performance.

Discussion
This study evaluates the predictive potential of STS
risk score in assessing postoperative stroke risk among
patients undergoing cardiothoracic surgery at a tertiary
care hospital in Pakistan. Although the STS score is a
well-established and reliable tool for predicting morbid-
ity and mortality in this patient population, our findings
further validate its accuracy in stroke risk prediction [11,
13, 14]. The key findings of our study identified 1- age,
2- WBC count, 3- specific cardiac history elements, and
4- the status of surgery (elective, urgent, emergent, or sal-
vage) as significant predictors of postoperative stroke.
Age has been considered a critical predictor of postop-
erative complications. Our study highlights that patients
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Table 2 Matched cohort analysis of clinical and demographic factors in patients with and without postoperative stroke
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Demographics & Clinical Characteristics Total Postoperative Stroke p-value
No Yes
Total 104 52 52 -
Factors
Age Groups
<55 Years 22 [21.2%] 13 [25%] 9[17.3%] 0.337
>=55 Years 82 [78.8%) 39 [75%)] 43 [82.7%)
Gender
Male 83 [79.8%] 43 [82.7%] 40 [76.9%)] 0.464
Female 21 [20.2%] 9[17.3%] 12 [23.1%]
Obesity
Non-Obese 60 [57.7%)] 30 [57.7%) 30 [57.7%]) 0.999
Obese 44 [42.3%)] 22 [42.3%] 22 [42.3%]
Factors
Iso_CABG 88 [84.6%] 43[82.7%] 45 [86.5%) 0.587
Iso_AVR 3[2.9%)] 2[3.8%] 1[1.9%] 0.558
Iso_MVR 14 [13.5%] 7 [13.5%)] 7 [13.5%)] 0.999
AVR_CABG 0 [0%)] 0 [0%] 0[0%
MVR_CABG 1 [1%)] 0 [0%] 1 [1.9%)] 0.315
MV_Repair 0 [0%)] 0 [0%] 0% -
MV_Repair_CABG 0 [0%)] 0 [0%] 0% -
Comorbid Conditions
Dialysis 1 [1%] 0 [0%] 1[1.9%)] 0.315
Hypertension 76 [73.1%] 37 [71.2%] 39 [75%] 0.658
Immunosuppressive Treatment 1[1%)] 0 [0%)] 1[1.9%] 0.315
Family History of CAD 45 [43.3%] 22 [42.3%] 23 [44.2%) 0.843
Diabetes 36 [34.6%] 15 [28.8%] 21 [40.4%] 0.216
Chronic Lung Disease 7 [6.7%] 4[7.7%) 3 [5.8%] 0.696
Previous Cardiac History
Previous CV Interventions 17 [16.3%)] 9[17.3%] 8 [15.4%) 0.791
Previous Valve 4 [3.8%] 2 [3.8%)] 2 [3.8%] 1.000
Previous Other Cardiac Intrapericardial or Great Vessel 2 [1.9%] 1[1.9%] 1[1.9%] 1.000
Myocardial Infarction 51 [49%)] 26 [50%] 25 [48.1%]) 0.844
Congestive Heart Failure 23 [22.1%] 12 [23.1%] 11 [21.2%] 0.813
Angina 81 [77.9%] 39 [75%] 42 [80.8%)] 0478
Cardiac
Cardiogenic Shock 4[3.8%] 2 [3.8%] 2 [3.8%] 1.000
Arrhythmia 6 [5.8%] 2 [3.8%] 4[7.7%]) 0.400
Inotropes 7 [6.7%] 4[7.7%] 315.8%] 0.696
Resuscitation 1[1%] 0 [0%)] 1[1.9%] 0315
Left Main Disease 50 102 [98.1%)] 50[96.2%] 52 [100%] 0.153
IABP 18[17.3%] 11 [21.2%] 7 [13.5%] 0.300
Dialysis newly required 4 [3.8%)] 1[1.9%)] 3 [5.8%] 0.308
Prolonged Ventilation 24 h 24 [23.1%] 12 [23.1%] 12 [23.1%] 1.000
Deep sternal wound infection 0 [0%)] 0[0%] 0 [0%] 0.990
Reopen 31[2.9%] 1[1.9%] 2 [3.8%)] 0.558
Long Duration
<14 Days 70 [67.3%] 34 [65.4%] 36 [69.2%] 0.676
=14 Days 34 [32.7%] 18 [34.6%) 16 [30.8%]
Shorter Duration
>=6 Days 58 [55.8%] 29 [55.8%] 29 [55.8%] 1.000
<6 Days 46 [44.2%) 23 [44.2%] 23 [44.2%]
Mortality 30 Days
Alive 95 [91.3%] 49 [94.2%] 46 [88.5%)] 0.295
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Table 2 (continued)

Demographics & Clinical Characteristics Total Postoperative Stroke p-value
No Yes

Expired 9 [8.7%) 3[5.8%] 6[11.5%]

Surgery Procedure

Elective 41 [39.4%) 21 [40.4%) 20 [38.5%] 0.841

Urgent 63 [60.6%] 31 [59.6%] 32 [61.5%]

ROC Curve / STS Stroke / AUC=0.841

True positive rate (Sensitivity)

4

0 ; ?
0.4

| |

0.6 0.8 1

False positive rate (1 - Specificity)

Fig. 1 Receiver Operating Characteristic (ROC) curve for STS stroke prediction, showing an Area Under the Curve (AUC) of 0.841

who experienced post-operative stroke were, on aver-
age, older (62.8 years) compared to non-stroke patients
(57.7 years). Older patients undergoing cardiothoracic
surgery are more vulnerable to postoperative stroke due
to several age-related factors which include the presence
of comorbidities such as hypertension and diabetes and
vascular changes like arterial stiffening. Together, these

factors increase the risk of cerebrovascular events during
and after surgery as has been demonstrated in existing
literature [15, 16].

Among the comorbidities linked to postoperative
stroke, including hypertension, immunosuppressive ther-
apy, family history of coronary artery disease, diabetes,
and chronic lung disease, only notable parameters, the
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True positive, True negative, False positive, False negative /
STS Stroke
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%

40% +

30% +
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10% +

0%
0.00209 0.469

0.706 0.939
STS Stroke

Fig. 2 Diagnostic performance metrics at various STS stroke thresholds

WBC count, emerged as a significant predictor in eval-
uating stroke risk. Elevated WBC counts are associated
with inflammatory processes that can predispose patients
to thrombotic events, a finding consistent with current
literature [17, 18].

Patients with a history of cardiovascular interventions
had a higher incidence of postoperative stroke, reinforc-
ing the idea that previous cardiac interventions might
indicate underlying vascular pathology that predisposes
these patients to cerebrovascular events during subse-
quent surgeries. A few studies have recognized that the
history of CV interventions is a significant predictor of
ischemic stroke after cardiac surgery [19, 20].

Postoperative congestive heart failure (CHF) emerged
as a significant predictor of postoperative stroke,

1.205

mFN
mFP
mTN
mTP

1.514 1.904 2.694

reflecting its contribution to hemodynamic instabil-
ity and potential embolic events following surgery. Lit-
erature reviews indicate that CHF is associated with
an increased risk of thrombus formation, with studies
reporting a 2- to 3-fold higher likelihood of stroke [21].
Additionally, unstable angina, was strongly linked to an
elevated risk of postoperative stroke. This increased risk
may result from factors such as heightened myocardial
ischemia, the potential for atrial fibrillation, and hemo-
dynamic instability. Moreover, the use of inotropes, often
required for patients with compromised cardiac function,
was identified as a significant risk factor for stroke, high-
lighting the necessity of careful hemodynamic manage-
ment in this population.
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Fig. 3 Sensitivity and specificity of STS stroke prediction

Our findings also indicated that patients undergo-
ing emergency surgical procedures had a greater risk of
stroke-related complications compared to those under-
going elective surgeries. This underscores the importance
of thorough preoperative assessment and optimization to
mitigate stroke risk, especially in patients with unstable
angina and those requiring urgent interventions. Further-
more, the incidence of intra-aortic balloon pump (IABP)
use was significantly higher among patients who expe-
rienced postoperative strokes. The need for additional
postoperative interventions, such as prolonged ventila-
tion and dialysis, was also markedly elevated in stroke
patients, suggesting that these individuals are more likely
to encounter complex postoperative courses.

The STS score is one of the most effective predictive
tools for assessing high-risk patients, with an area under
the curve (AUC) of 0.841, indicating strong predictive
power. Additionally, a p-value of 0.01 for an AUC of 0.88
further underscores the model’s clinical utility, suggest-
ing it can reliably differentiate between patients at risk for
stroke and those not at risk. A study conducted in Brazil
found that the STS score outperformed Euro SCORE II
in predicting mortality (0.90 vs. 0.76 and 0.77) and any
morbidity, including stroke (0.80 vs. 0.65 and 0.64), with
a significance of p <0.001.

Limitations
Although our study offers valuable insights into stroke
rates and influencing factors among cardiothoracic
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surgery patients, it has some limitations. Primarily, it was
conducted at a single center, which may restrict the gen-
eralizability of the findings to the broader population of
cardiothoracic surgery patients in Pakistan. Future stud-
ies should involve multiple centers across diverse regions
of Pakistan.

Moreover, the retrospective design of the study limits
our ability to establish causality between the identified
factors and mortality rates. Prospective, multi-center
research incorporating a wider array of variables could
offer a more robust understanding of stroke risk factors
in cardiothoracic surgery patients. This approach would
strengthen our findings and enhance the risk assessment
framework.

Conclusion

Our study provides a comprehensive evaluation of the
STS stroke risk score’s effectiveness in predicting post-
operative stroke morbidity among cardiothoracic surgery
patients at a tertiary care hospital in Pakistan. Various
populations have assessed the validity of the STS score
against other scoring systems to determine the most suit-
able tool for their specific contexts. In low- and middle-
income countries (LMICs) like ours, the STS score has
proven to be an accurate measure of mortality risk. In
this study, we specifically utilized the STS score to pre-
dict stroke morbidity in our population. This study rep-
resents a novel contribution to the literature by validating
the use of the STS score for predicting stroke morbidity
in Pakistani population.
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