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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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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 

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.
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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 J 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.

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

Total 3084 3032 52 -
Factors
Age in Years 57.8 (± 12) 57.7 (± 12.1) 62.8 (± 11.2) 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%] 0.527
  AVR_CABG 36 [1.2%] 36 [1.2%] 0 [0%] 0.429
  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%] 0.678
Comorbid Conditions
Dialysis 35 [1.1%] 34 [1.1%] 1 [1.9%] 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) 37.4 (± 6.5) 0.256
WBC 9.3 (± 3.4) 9.3 (± 3.3) 10.7 (± 5.1) 0.004*
Creatinine levels 1.1 (± 0.7) 1.1 (± 0.7) 1.3 (± 0.7) 0.051
Platelet Levels 202,000 

(259000 − 153000)
202,000
 (274000 − 153000)

198,000 
(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%] 0.418
Time since last MI (Years) 6.9 (± 7.7) 6.9 (± 7.6) 9.2 (± 9.3) 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%] 0.410
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 MI 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

Table 1  Patient demographics and clinical factors with postoperative stroke incidence
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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 < o.oo1).

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 

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 IIb/IIIa Inhibitor 3020 [97.9%] 2969 [97.9%] 51 [98.1%] 0.938
Resuscitation 45 [1.5%] 44 [1.5%] 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 5 [0.2%] 5 [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%] 0.377
< 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%]

Table 1  (continued) 
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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 [0%] -----
  MV_Repair_CABG 0 [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%] 0.478
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%] 3 [5.8%] 0.696
Resuscitation 1 [1%] 0 [0%] 1 [1.9%] 0.315
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 3 [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

Table 2  Matched cohort analysis of clinical and demographic factors in patients with and without postoperative stroke
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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 

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

 

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%]

Table 2  (continued) 
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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, 

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.

Fig. 2  Diagnostic performance metrics at various STS stroke thresholds
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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 

Fig. 3  Sensitivity and specificity of STS stroke prediction
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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.

Abbreviations
STS	� Society of Thoracic Surgeons
ROC	� Receiver Operating Characteristic curve
AUC	� Area Under the Curve
LMICs	� low- and middle-income countries
CTS	� Cardiothoracic Surgery
CABG	� Coronary Artery Bypass Grafting
AVR	� Aortic Valve Replacement
MVR	� Mitral Valve Replacement
PPV	� Positive predictive value
NPV	� Negative predictive value
CHF	� Congestive heart failure
CV	� Cardiovascular
IABP	� Intra-aortic balloon pump
CAD	� Coronary artery disease
WBC	� White Blood Cell

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​
g​​/​​1​0​​.​1​1​​​8​6​​/​s​1​3​​0​1​9​-​​0​2​5​-​0​​3​3​5​0​-​9.

Supplementary table: ROC analysis displaying sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value (NPV), along with 
their respective upper and lower confidence bounds

Acknowledgements
Zayan Alidina, Aleena Kashif, Khizer Masroor.

Author contributions
J.H. designed the research, led the STS calculation process as well as 
contributed to the manuscript writing.Dr HS is the Principal Investigator.All the 
authors contributed to STS score calculations and the final manuscript.

Funding
Not applicable.

Data availability
The datasets generated and analyzed during the current study are not 
publicly available as this is patients’ data and needs to be kept confidential as 
per institutional policies.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethical Review Committee at Aga Khan 
University hospital, Karachi, Pakistan. Patients visiting the hospital are informed 
about the potential use of their data for research purposes within the 
hospital’s cancer registry. Consent is obtained through an informed consent 
form, ensuring the confidentiality and anonymity of their information, and 
adhering to ethical principles outlined in the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Medicine, Aga Khan University, Karachi 74800, Pakistan
2Department of Community Health Sciences, Aga Khan University, 
Karachi 74800, Pakistan
3Medical College, Aga Khan University, Karachi 74800, Pakistan
4Department of Emergency, Aga Khan University, Karachi 74800, Pakistan
5Department of Surgery, Aga Khan University, Karachi 74800, Pakistan

Received: 25 October 2024 / Accepted: 19 January 2025

References
1.	 Correction to. An updated definition of stroke for the 21st Century: A State-

ment for Healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2019;50(8):e239.

2.	 Jones SP, Baqai K, Clegg A, Georgiou R, Harris C, Holland EJ, et al. Stroke in 
India: a systematic review of the incidence, prevalence, and case fatality. Int J 
Stroke. 2022;17(2):132–40.

3.	 Fanning JP, Campbell BCV, Bulbulia R, Gottesman RF, Ko SB, Floyd TF, et al. 
Perioperative stroke. Nat Rev Dis Primers. 2024;10(1):3.

4.	 Senst B, Kumar A, Diaz RR. Cardiac Surgery. StatPearls. Treasure Island 
(FL)2024.

5.	 Prins C, de Villiers Jonker I, Botes L, Smit FE. Cardiac surgery risk-stratification 
models. Cardiovasc J Afr. 2012;23(3):160–4.

6.	 Shahian DM, O’Brien SM, Filardo G, Ferraris VA, Haan CK, Rich JB, et al. The 
Society of thoracic surgeons 2008 cardiac surgery risk models: part 1–coro-
nary artery bypass grafting surgery. Ann Thorac Surg. 2009;88(1 Suppl):S2–22.

7.	 Jacobs JP, Shahian DM, Badhwar V, Thibault DP, Thourani VH, Rankin JS, et al. 
The Society of thoracic surgeons 2021 adult cardiac surgery risk models for 
multiple Valve operations. Ann Thorac Surg. 2022;113(2):511–8.

8.	 Palmerini T, Savini C, Di Eusanio M. Risks of Stroke after coronary artery bypass 
graft - recent insights and perspectives. Interv Cardiol. 2014;9(2):77–83.

9.	 Chan PG, Seese L, Aranda-Michel E, Sultan I, Gleason TG, Wang Y, et al. Opera-
tive mortality in adult cardiac surgery: is the currently utilized definition 
justified? J Thorac Dis. 2021;13(10):5582–91.

10.	 Osnabrugge RL, Speir AM, Head SJ, Fonner CE, Fonner E, Kappetein AP, et al. 
Performance of EuroSCORE II in a large US database: implications for trans-
catheter aortic valve implantation. Eur J Cardiothorac Surg. 2014;46(3):400–8. 
discussion 8.

https://doi.org/10.1186/s13019-025-03350-9
https://doi.org/10.1186/s13019-025-03350-9


Page 11 of 11Hassan et al. Journal of Cardiothoracic Surgery          (2025) 20:187 

11.	 Qadir I, Alamzaib SM, Ahmad M, Perveen S, Sharif H. EuroSCORE vs. EuroS-
CORE II vs. Society of thoracic surgeons risk algorithm. Asian Cardiovasc 
Thorac Ann. 2014;22(2):165–71.

12.	 Martins RS, Ukrani RD, Memon MK, Ahmad W, Akhtar S. Risk factors and 
outcomes of prolonged cardiopulmonary bypass time in surgery for adult 
congenital heart disease: a single-center study from a low-middle-income 
country. J Cardiovasc Surg (Torino). 2021;62(4):399–407.

13.	 Shahian DM, Jacobs JP, Badhwar V, Kurlansky PA, Furnary AP, Cleveland JC Jr., 
et al. The Society of thoracic surgeons 2018 adult cardiac surgery risk models: 
part 1-Background, design considerations, and Model Development. Ann 
Thorac Surg. 2018;105(5):1411–8.

14.	 Brown ML, Lenoch JR, Schaff HV. Variability in data: the Society of thoracic 
surgeons national adult cardiac surgery database. J Thorac Cardiovasc Surg. 
2010;140(2):267–73.

15.	 Anyanwu AC, Filsoufi F, Salzberg SP, Bronster DJ, Adams DH. Epidemiology 
of stroke after cardiac surgery in the current era. J Thorac Cardiovasc Surg. 
2007;134(5):1121–7.

16.	 Wang W, Bagshaw SM, Norris CM, Zibdawi R, Zibdawi M, MacArthur R, et 
al. Association between older age and outcome after cardiac surgery: a 
population-based cohort study. J Cardiothorac Surg. 2014;9(1):177.

17.	 Jung JM, Gruber A, Heseltine P, Rajamani K, Ameriso SF, Fisher MJ. 
New directions in infection-Associated ischemic stroke. J Clin Neurol. 
2024;20(2):140–52.

18.	 Tatlisuluoglu D, Tezcan B, Mungan I, Cakirli YA, Tumer NB, Tasoglu I. Predicting 
postoperative ischemic stroke problems in patients following coronary 
bypass surgery using neutrophil-lymphocyte ratio, platelet-lymphocyte ratio, 
and red blood cell distribution width values. Kardiochir Torakochirurgia Pol. 
2022;19(2):90–5.

19.	 Sultan I, Bianco V, Kilic A, Jovin T, Jadhav A, Jankowitz B, et al. Predictors 
and outcomes of ischemic stroke after cardiac surgery. Ann Thorac Surg. 
2020;110(2):448–56.

20.	 Selnes OA, Grega MA, Bailey MM, Pham L, Zeger S, Baumgartner WA, et al. 
Neurocognitive outcomes 3 years after coronary artery bypass graft surgery: 
a controlled study. Ann Thorac Surg. 2007;84(6):1885–96.

21.	 Haeusler KG, Laufs U, Endres M. Chronic heart failure and ischemic stroke. 
Stroke. 2011;42(10):2977–82.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Assessing the validity of Society of Thoracic Surgeons (STS) score in predicting stroke risk among patients undergoing cardiothoracic surgery at a tertiary hospital in Pakistan: a retrospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data source
	﻿Patient populations
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


