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ABSTRACT

Background: Accurate preoperative risk stratification is important for clinical
decision-making, perioperative planning, and quality assessment in patients
undergoing coronary artery bypass grafting (CABG). EuroSCORE Il and the
Society of Thoracic Surgeons (STS) score are widely used cardiac surgical risk
models, but their predictive performance may vary across populations and clinical
settings. This study compared the performance of EuroSCORE Il and the STS score
for predicting early postoperative morbidity in patients undergoing CABG.
Materials and Methods: A prospective observational diagnostic-accuracy study
was conducted at the Punjab Institute of Cardiology, Lahore, Pakistan, from
February 2024 to February 2025. A total of 400 patients aged 20-70 years
undergoing CABG were enrolled using purposive sampling. EuroSCORE 1l and
STSrisk scores were calculated preoperatively, and patients were followed for seven
days after surgery to assess early postoperative morbidity. Predicted morbidity was
compared with observed morbidity using 2 x 2 contingency tables. Sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and
overall classification accuracy were calculated. Associations between early
morbidity and demographic or clinical risk factors were also assessed, with
statistical significance set at p<0.05.

Results: The mean age of the study population was 53.23 + 11.90 years, and 244
(61.0%) patients were male. Early postoperative morbidity occurred in 23 of 400
patients (5.8%). EuroSCORE Il demonstrated a sensitivity of 73.9%, specificity of
98.4%, PPV of 73.9%, NPV of 98.4%, and overall accuracy of 97.0%. The STS
score showed a sensitivity of 52.2%, specificity of 98.9%, PPV of 75.0%, NPV of
97.1%, and overall accuracy of 96.3%. Both scoring systems were significantly
associated with observed morbidity (p<0.001). Early morbidity was significantly
associated with hypertension (p=0.007), obesity (p<0.001), and hyperlipidemia on
Fisher’s exact testing (p=0.048), whereas age, sex, diabetes mellitus, and smoking
status were not significantly associated with the outcome.

Conclusion: Both EuroSCORE Il and the STS score demonstrated high specificity
and overall classification accuracy for early postoperative morbidity after CABG.
EuroSCORE |1 showed higher sensitivity, whereas STS demonstrated marginally
higher specificity. These findings support the use of structured preoperative risk
assessment while also emphasizing the need for larger multicentre studies with
formal calibration and discrimination analyses before either model is used as a
stand-alone predictor of early morbidity in this population.

Keywords: Coronary artery bypass grafting; EuroSCORE II; Society of Thoracic
Surgeons score; risk prediction; postoperative morbidity; cardiac surgery; diagnostic
accuracy.
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INTRODUCTION

Coronary artery bypass grafting (CABG) remains an
essential revascularization strategy for patients with
complex coronary artery disease, yet perioperative
mortality and major postoperative complications
continue to influence clinical outcomes, resource
utilization, and assessment of surgical quality.[*4]
Because crude outcome rates are strongly affected by
differences in baseline patient risk and operative
complexity, risk-adjusted assessment is necessary for
meaningful comparison of outcomes, informed
consent, perioperative planning, and institutional
benchmarking.4€1 Among available models, the
European System for Cardiac Operative Risk
Evaluation 1l (EuroSCORE 1l) and Society of
Thoracic Surgeons (STS) risk models are the most
extensively evaluated tools in contemporary cardiac
surgery.[*2581EuroSCORE Il was developed from an
international cohort to estimate operative mortality,
whereas the procedure-specific STS models estimate
mortality as well as clinically relevant outcomes
including stroke, renal failure, prolonged ventilation,
reoperation, deep sternal wound infection, and
prolonged hospitalization.®*!  Current coronary-
revascularization guidance consequently
recommends calculation of the STS score when
CABG is being considered, while EuroSCORE I
remains widely used internationally for operative risk
stratification.*>°

Despite their widespread adoption, neither model
demonstrates uniformly reproducible performance
across populations.[t1%14 A meta-analysis showed
good overall discrimination for both EuroSCORE |1
and STS, without a statistically significant difference
between their discriminatory performances, but
identified important geographic variation in
EuroSCORE |1 calibration.[ In 4,895 Indian CABG
patients, STS and EuroSCORE Il had similar
discrimination (AUC 0.720 versus 0.713; p=0.58),
although EuroSCORE Il overestimated and STS
underestimated operative mortality.*> Conversely, a
Chinese CABG cohort demonstrated comparable in-
hospital discrimination but somewhat better longer-
term performance of EuroSCORE II, while an
Australian study reported numerically higher
discrimination with EuroSCORE |1 than STS without
a significant difference.[8171 Recent evidence further
illustrates substantial heterogeneity: EuroSCORE |1
overestimated mortality in a Swedish nationwide
CABG cohort, underestimated risk in Indonesian
CABG patients, and showed poor overall
discrimination alongside STS in a contemporary
Brazilian CABG cohort, whereas other Asian and
European  validations  reported  satisfactory
discrimination but variable calibration across
surgical-risk strata and urgency.[10-1418-22]

These inconsistencies are clinically important
because models derived predominantly from
European and North American populations may
perform differently when transported to populations

with different case mix, comorbidity burden, surgical
practice, and perioperative care,[1:13:15.23-25]

Accordingly, direct contemporary validation of
EuroSCORE Il and STS in the population in which
they are intended to guide CABG decision-making is
necessary rather than assuming that performance
observed in their derivation populations is
transferable.[*101315231 A previous Pakistani CABG
study found that the STS model discriminated
mortality better than the older additive and logistic
EuroSCORE  algorithms,  but it  preceded
EuroSCORE Il and contemporary changes in surgical
practice, leaving an important local evidence gap
regarding the comparative performance of the two
currently used models.?®! Furthermore, because
discrimination alone does not ensure accurate
individual risk estimation, comparative evaluation
should consider agreement between predicted and
observed outcomes and the ability of each score to
identify patients who experience important early
postoperative adverse outcomes.[*17:24271 Therefore,
the present study will determine and compare the
predictive accuracy of EuroSCORE Il and the STS
score in patients undergoing CABG, providing
locally applicable evidence on their usefulness for
perioperative risk stratification. The findings may
support more reliable preoperative counselling, risk-
adjusted clinical decision-making, and quality
assessment in patients undergoing CABG.

MATERIALS AND METHODS

Study Design and Setting

A prospective observational diagnostic-accuracy
study was conducted in the Department of Cardiology
at the Punjab Institute of Cardiology (PIC), Lahore,
Pakistan, from February 2024 to February 2025.
Patients aged 20-70 years who were scheduled to
undergo coronary artery bypass grafting (CABG)
were enrolled using a purposive sampling technique.
The calculated sample size was 400 patients, based
on a previously reported sensitivity of 63.5% and
specificity of 71.6% for prediction of early
postoperative morbidity, an anticipated morbidity
prevalence of 13.2%, and a 5% margin of error.
Patients with pre-existing renal disease, chronic
obstructive pulmonary disease, left ventricular
ejection fraction (LVEF) <35%, acute myocardial
infarction requiring urgent surgical intervention, or
concomitant CABG with valvular or vascular surgery
were excluded. Written informed consent was
obtained from all participants before enroliment. The
study protocol was approved by the institutional
ethics committee of PIC, Lahore.

Data Collection and Perioperative Assessment
Baseline demographic and clinical data were
recorded before surgery, including age, sex, height,
weight, body mass index (BMI), smoking status, and
relevant comorbidities, including diabetes mellitus,
hypertension,  hyperlipidemia, and  obesity.
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Preoperative serum creatinine, creatinine clearance,
and LVEF were also documented.

Intraoperative variables included cardiopulmonary
bypass (CPB) time and aortic cross-clamp time.
Postoperative  variables included duration of
mechanical ventilation, length of intensive care unit
(ICU) stay, total hospital stay, and postoperative
complications. Recorded postoperative
complications included renal dysfunction and
neurological events, including stroke and transient
ischemic attack. Other predefined postoperative
clinical abnormalities, including oxygen saturation
<95%, were also documented where applicable.

All patients were followed for seven days after
CABG for assessment of early postoperative
morbidity. Patients who developed early morbidity
were compared with those who did not with respect
to demographic characteristics, cardiovascular risk
factors, and perioperative variables.

Preoperative Risk Assessment

The European System for Cardiac Operative Risk
Evaluation 1l (EuroSCORE IlI) and Society of
Thoracic Surgeons (STS) risk scores were calculated
preoperatively for each patient using their respective
web-based risk calculators. EuroSCORE Il was
calculated wusing the official EuroSCORE Il
calculator, while the STS score was determined using
the STS Adult Cardiac Surgery Risk Calculator.

For EuroSCORE I, predicted risk was categorized as
low (<4%), intermediate (4%-9%), or high (>9%).
For the primary diagnostic-accuracy analysis, a
EuroSCORE II value >4% was classified as a positive
prediction for early morbidity, whereas a value <4%
was classified as negative.

For the STS score, predicted risk was categorized as
low (<4%), intermediate (4%-8%), or high (>8%). An
STS score >4% was classified as a positive prediction
for early morbidity, while a score <4% was classified
as negative. Predicted morbidity according to each
scoring system was subsequently compared with the
observed postoperative morbidity status.

Outcome Assessment

The primary outcome was early postoperative
morbidity occurring within seven days after CABG.
The predictive performance of EuroSCORE Il and
the STS score was assessed by comparing the
preoperatively predicted morbidity classification
with observed postoperative morbidity. Patients were
therefore classified as true positive, false positive,
true negative, or false negative for each risk model.

Diagnostic performance was summarized using
sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and overall
classification accuracy.

Statistical Analysis

Data were entered and analyzed using IBM SPSS
Statistics for Windows, version 26.0 (IBM Corp.,
Armonk, NY, USA). Continuous variables, including
age, BMI, serum creatinine, CPB time, aortic cross-
clamp time, ICU stay, and total hospital stay, were
summarized as mean * standard deviation (SD).
Categorical variables, including sex, cardiovascular
risk factors, postoperative complications, and
predicted morbidity according to EuroSCORE II and
the STS score, were reported as frequencies and
percentages.

Two-by-two contingency tables were constructed for
each scoring system using observed early morbidity
as the reference outcome. Sensitivity, specificity,
PPV, NPV, and overall accuracy were calculated
from these tables. Associations between predicted
and observed morbidity were evaluated using the
appropriate categorical statistical test. The data were
further stratified according to age, sex, diabetes
mellitus, hypertension, hyperlipidemia, smoking
status, and obesity, and postoperative morbidity was
compared across these strata. Pearson's chi-square
test was used when its assumptions were satisfied,
while Fisher's exact test was used when expected cell
frequencies were small. A two-sided p-value <0.05
was considered statistically significant.

RESULTS

A total of 400 patients undergoing coronary artery
bypass grafting were included. The mean age was
53.23 +11.90 years, with an age range of 24-70 years.
Of the study population, 244 (61.0%) were male and
156 (39.0%) were female. The mean height was
166.09 £ 9.06 cm, mean weight was 75.10 + 12.10
kg, and mean body mass index was 27.60 + 8.30
kg/m2. The mean serum creatinine concentration was
1.05 £ 0.40 mg/dL. Hypertension was present in 203
(50.8%) patients, diabetes mellitus in 180 (45.0%),
smoking in 143 (35.8%), hyperlipidemia in 385
(96.3%), and obesity in 159 (39.8%) patients. [Table
1]

Table 1: Baseline demographic and clinical characteristics of the study population

Characteristic Value

Age, years 53.23+11.90
Age range, years 24-70

Male sex 244 (61.0)
Female sex 156 (39.0)
Height, cm 166.09 + 9.06
Weight, kg 75.10 + 12.10
BMI, kg/m? 27.60 +8.30
Serum creatinine, mg/dL 1.05+0.40
Hypertension 203 (50.8)
Diabetes mellitus 180 (45.0)
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Current smoking

143 (35.8)

Hyperlipidemia

385 (96.3)

Obesity

159 (39.8)

Data are presented as mean + standard deviation or n
(%), unless otherwise stated. BMI: body mass index.
The mean cardiopulmonary bypass time was 92.90 +
23.30 minutes, while the mean aortic cross-clamp
time was 43.70 = 9.90 minutes. Prolonged
postoperative ventilation of 24 hours or longer was

required in 21 (5.3%) patients. The mean intensive
care unit stay was 4.18 + 1.20 days, and the mean
total hospital stay was 9.10 = 1.69 days.
Postoperative renal failure occurred in seven (1.8%)
patients, while neurological complications occurred
in five (1.3%) patients. [Table 2]

Table 2: Intraoperative and postoperative characteristics

Parameter Value
Cardiopulmonary bypass time, min 92.90 + 23.30
Aortic cross-clamp time, min 43.70+9.90
Prolonged ventilation >24 h 21 (5.3)

ICU stay, days 418+1.20
Total hospital stay, days 9.10+1.69
Renal failure 7 (1.8)
Neurological complication 5(1.3)

Data are presented as mean * standard deviation or n
(%). ICU: intensive care unit.

Early morbidity was observed in 23 of 400 patients
(5.8%). EuroSCORE Il classified 23 patients as
having predicted morbidity, of whom 17 were true-
positive and six were false-positive cases. Among the
377 patients classified as not having predicted
morbidity, six were false-negative and 371 were true-

negative cases. This corresponded to a sensitivity of
73.9%, specificity of 98.4%, positive predictive value
of 73.9%, negative predictive value of 98.4%, and
overall classification accuracy of 97.0%. The
association between EuroSCORE Il classification
and observed early morbidity was statistically
significant (p<0.001). [Table 3]

Table 3: Predictive performance of EuroSCORE 11 and STS score for early morbidity

Performance measure EuroSCORE 11 STS score
True positive, n 17 12
False positive, n 6 4
False negative, n 6 11
True negative, n 371 373
Sensitivity, % 73.9 52.2
Specificity, % 98.4 98.9
Positive predictive value, % 73.9 75.0
Negative predictive value, % 98.4 97.1
Overall accuracy, % 97.0 96.3
Association with observed morbidity, p-value <0.001 <0.001

EuroSCORE IlI: European System for Cardiac
Operative Risk Evaluation Il; STS: Society of
Thoracic Surgeons.

The STS score classified 16 patients as having
predicted morbidity, including 12 true-positive and
four false-positive cases. Among the 384 patients
classified as not having predicted morbidity, 11 were
false-negative and 373 were true-negative cases. The
corresponding sensitivity was 52.2%, specificity was
98.9%, positive predictive value was 75.0%, negative
predictive value was 97.1%, and overall
classification accuracy was 96.3%. The association
between STS classification and observed early
morbidity was statistically significant (p<0.001)
(Table 3). The comparative sensitivity, specificity,
and overall accuracy of both scoring systems are
presented graphically in Figure 1.

. EuroSCORE ||
100 | = STS score 98.4 o0 63

Sensitivity Specificity Accuracy

Figure 1: Diagnostic performance of EuroSCORE Il
and STS score for prediction of early morbidity

EuroSCORE II: European System for Cardiac
Operative Risk Evaluation II; STS: Society of
Thoracic Surgeons.

Following stratification, early morbidity occurred in
three of 31 patients aged 20-30 years (9.7%), one of
25 patients aged 31-40 years (4.0%), seven of 69
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patients aged 41-50 years (10.1%), five of 143
patients aged 51-60 years (3.5%), and seven of 132
patients aged 61-70 years (5.3%); the distribution did
not differ significantly across age categories
(p=0.301). Early morbidity occurred in 16 of 244
male patients (6.6%) and seven of 156 female
patients (4.5%; p=0.386). The corresponding
frequencies were 11 of 180 patients with diabetes
(6.1%) and 12 of 220 without diabetes (5.5%;
p=0.779).

Early morbidity occurred in 18 of 203 hypertensive
patients (8.9%) compared with five of 197 non-

hypertensive patients (2.5%; p=0.007). Among
patients with hyperlipidemia, 20 of 385 (5.2%)
developed early morbidity compared with three of 15
patients without hyperlipidemia (20.0%; Fisher's
exact p=0.048). Morbidity occurred in four of 143
smokers (2.8%) compared with 19 of 257 non-
smokers (7.4%; p=0.058). Among patients classified
as obese, 17 of 159 (10.7%) experienced early
morbidity compared with six of 241 non-obese
patients (2.5%; p<0.001). [Table 4]

Table 4: Early morbidity according to demographic and clinical characteristics

Variable Early morbidity, n (%) No early morbidity, n (%) p-value
Age, years 0.301
20-30 3(9.7) 28 (90.3)

31-40 1 (4.0) 24 (96.0)

41-50 7(10.1) 62 (89.9)

51-60 5 (3.5) 138 (96.5)

61-70 7 (5.3) 125 (94.7)

Sex 0.386
Male 16 (6.6) 228 (93.4)

Female 7 (4.5) 149 (95.5)

Diabetes mellitus 0.779
Yes 11 (6.1) 169 (93.9)

No 12 (5.5) 208 (94.5)

Hypertension 0.007
Yes 18 (8.9) 185 (91.1)

No 5 (2.5) 192 (97.5)

Hyperlipidemia 0.048*
Yes 20(5.2) 365 (94.8)

No 3(20.0) 12 (80.0)

Smoking 0.058
Yes 4(2.8) 139 (97.2)

No 19 (7.4) 238 (92.6)

Obesity <0.001
Yes 17 (10.7) 142 (89.3)

No 6 (2.5) 235 (97.5)

Pearson's chi-square test was used except where noted. *Fisher's exact test was used for hyperlipidemia because

of the small expected cell frequency.

DISCUSSION

The present study evaluated the predictive
performance of EuroSCORE Il and the Society of
Thoracic  Surgeons (STS) score for early
postoperative morbidity after coronary artery bypass
grafting (CABG) in a contemporary Pakistani cohort.
Both models showed high specificity and overall
classification accuracy, but EuroSCORE Il identified
a greater proportion of patients who subsequently
developed early morbidity, with a sensitivity of
73.9% compared with 52.2% for the STS score.
Specificity was similar for EuroSCORE Il and STS
(98.4% and 98.9%, respectively), and their overall
classification accuracies were likewise close (97.0%
and 96.3%). These findings address an important
local evidence gap because comparative performance
of contemporary cardiac surgical risk models cannot
be assumed to remain constant across populations,
institutions, or outcome definitions. The results
therefore suggest that, using the prespecified
thresholds employed in this cohort, both tools were
effective at identifying patients without subsequent

early morbidity, whereas EuroSCORE Il captured a
larger proportion of those who experienced an event.
This distinction is clinically relevant because high
specificity alone may yield apparently high overall
accuracy when the outcome is uncommon; early
morbidity occurred in only 5.8% of the cohort,
making sensitivity and predictive values particularly
important when judging practical performance.

The observed performance should nevertheless be
interpreted in the context of how prediction models
behave when transported beyond their derivation
populations. Risk models such as EuroSCORE Il and
STS combine multiple baseline and procedural
characteristics into  estimates derived from
populations with specific case mixes, treatment
pathways, and underlying event rates. A large
systematic review and meta-analysis by Sinha and
colleagues found broadly good discrimination for
both EuroSCORE Il and STS in adult cardiac
surgery, with pooled areas under the receiver-
operating-characteristic curve of 0.783 and 0.757,
respectively, and no statistically significant
difference between them; importantly, EuroSCORE
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Il calibration varied significantly across geographical
regions. This geographical heterogeneity provides
a plausible framework for the present findings and
reinforces the need for local validation rather than
simple adoption of performance estimates derived
elsewhere. Moreover, the current study evaluated
dichotomised predictions against early morbidity
rather than comparing continuous predicted
probabilities with operative mortality. Sensitivity,
specificity, and classification accuracy in the present
analysis therefore describe performance at the
selected >4% thresholds and should not be
interpreted as equivalent to discrimination measured
by the area under a receiver-operating-characteristic
curve or calibration assessed by observed-to-
expected event ratios.

Several previous studies support the broader finding
that both EuroSCORE Il and STS can provide
clinically useful risk stratification after CABG, while
often demonstrating relatively small differences in
overall performance. Shales and colleagues evaluated
4,895 Indian patients undergoing CABG and reported
satisfactory and nearly identical discrimination for
operative mortality, with an area under the curve of
0.713 for EuroSCORE Il and 0.720 for STS; the
difference was not significant (p=0.58).1%1 Their
observation that neither model clearly dominated the
other is consistent with the present study's very
similar overall classification accuracies and
specificities. Gao and colleagues likewise compared
EuroSCORE Il and STS in patients undergoing
CABG and found that both models had useful
predictive ability for in-hospital and medium-term
mortality, although performance varied according to
the outcome and follow-up period.l'81 The meta-
analysis by Sinha et al further supports this pattern,
demonstrating good overall discrimination for both
scores without compelling evidence of a clinically
dominant model across pooled cardiac-surgical
populations.  Similarly, Koo and colleagues
identified EuroSCORE Il and STS among the better-
performing contemporary cardiac-surgical risk
models in an Australian population, while
emphasizing that optimal thresholds are population
dependent.ll” Taken together, these studies are
compatible with the present observation that the two
systems achieved comparable overall classification
performance, while individual components of
performance—most  notably  sensitivity—could
differ. The current findings extend this evidence to
early postoperative morbidity in a Pakistani CABG
population rather than operative mortality alone,
although this endpoint difference limits direct
numerical comparison with previous validation
studies.

Other reports have shown materially different
relative performance, emphasizing the instability of
risk-model transportability across clinical settings. In
an earlier Pakistani study of 380 patients undergoing
isolated CABG, Qadir and colleagues found that the
STS algorithm performed better than the additive and
logistic versions of the original EuroSCORE for

mortality prediction; the reported areas under the
curve were 0.899 for STS, 0.866 for additive
EuroSCORE, and 0.842 for logistic EuroSCORE,
with STS also demonstrating the strongest
calibration.[?! Although that study evaluated earlier
EuroSCORE formulations rather than EuroSCORE
I, its relative advantage for STS contrasts with the
higher sensitivity observed for EuroSCORE Il in the
present cohort. Differences in score generation,
temporal changes in CABG practice, case mix, and
the use of mortality rather than morbidity as the
outcome may account for part of this discrepancy.
More recent studies have also documented
substantial variation. Silverborn and colleagues, in a
nationwide Swedish cohort of 14,118 CABG
patients, reported good overall discrimination for
EuroSCORE Il (AUC 0.82) but considerable
overestimation of mortality, with an overall
observed-to-expected ratio of 0.58; performance also
varied by age and baseline surgical risk.'8 By
contrast, Wolf and Amato reported relatively poor
overall discrimination in 438 Brazilian patients
undergoing isolated CABG, with AUCs of 0.697 for
EuroSCORE Il and 0.646 for STS, although
performance improved substantially among clinically
stable patients.?! The Indian study by Shales et al
also found systematic differences in calibration:
EuroSCORE Il tended to overestimate mortality
whereas STS underestimated it.[**] These contrasting
observations demonstrate that a model can show
reasonable discrimination yet remain poorly
calibrated, or can perform differently across
subgroups despite acceptable overall metrics. The
high classification accuracy in the present study
should therefore not be interpreted as evidence that
either model is wuniversally well calibrated,
particularly because calibration was not formally
assessed.

Beyond model performance, the study identified
variation in observed morbidity across several
clinical risk strata. Hypertension and obesity were
associated with higher rates of early morbidity,
whereas age, sex, diabetes, and smoking status were
not significantly associated with the outcome in the
stratified analyses. The association with hypertension
is clinically plausible given its relationship with
vascular dysfunction, left ventricular remodeling,
renal vulnerability, and perioperative haemodynamic
instability, while obesity may capture a cluster of
metabolic, respiratory, and technical factors relevant
to postoperative recovery. However, these
associations should be interpreted cautiously because
the study was not designed primarily to establish
causal risk factors, and no multivariable adjustment
was undertaken to determine whether hypertension or
obesity independently predicted morbidity. The
hyperlipidemia finding warrants even greater
caution: morbidity was numerically more frequent
among the small group without documented
hyperlipidemia  than ~ among  those  with
hyperlipidemia, and only 15 patients were classified
as not having hyperlipidemia. The small cell size
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makes this estimate unstable and susceptible to
sparse-data effects. Similarly, the absence of
statistically significant associations for established
cardiovascular risk factors such as diabetes or age
should not be regarded as evidence of no biological
effect; the low number of morbidity events
substantially limited statistical power for subgroup
comparisons.

An important feature of the present results is the
difference between sensitivity and overall accuracy.
Although both scoring systems exceeded 96% overall
classification accuracy, this figure was strongly
influenced by the predominance of patients without
early morbidity. With only 23 morbidity events
among 400 participants, a model classifying most
patients as event-free would already achieve high
apparent accuracy. Sensitivity therefore provides
additional information: EuroSCORE II identified 17
of the 23 morbidity cases, whereas STS identified.[*?
Conversely, STS generated slightly fewer false-
positive predictions and consequently showed
marginally higher specificity. Positive predictive
values were similar, while negative predictive values
were high for both models. These data indicate that
the apparent similarity in overall accuracy masks
meaningful differences in how the scores classified
the relatively small group who experienced
postoperative  morbidity. A  future analysis
incorporating receiver-operating-characteristic
curves, confidence intervals around sensitivity and
specificity, and direct statistical comparison of paired
model predictions would permit a more complete
assessment of whether these differences exceed what
might be expected by chance.

The study has several strengths. It included 400
consecutively assessed CABG candidates over a
defined contemporary period at a major tertiary
cardiac centre and applied both risk scores
preoperatively to the same patients, allowing within-
cohort comparison against prospectively observed
postoperative outcomes. Uniform postoperative
follow-up during the first week reduced differential
outcome ascertainment, and the study provides
contemporary data from Pakistan, a setting in which
external validation of EuroSCORE Il and STS
remains limited. The direct calculation of true-
positive, false-positive, false-negative, and true-
negative classifications also provides clinically
interpretable measures of model performance rather
than relying solely on an aggregate association
statistic. In addition, evaluation within a local
population is particularly relevant because
international studies have consistently shown that the
calibration and discrimination of cardiac surgical risk
models vary across geographical regions and risk
Strata_[l,lS,lB,ZO]

Several limitations should also be acknowledged.
First, this was a single-centre study using purposive
sampling, which may limit external validity and
introduce selection effects. Second, only 23 early
morbidity events occurred; consequently, estimates
of sensitivity and subgroup associations are based on

relatively few events and may have wide confidence
intervals. Third, the primary endpoint requires
particular caution. EuroSCORE Il was developed
principally to estimate operative mortality, whereas
the STS models generate procedure-specific
estimates for mortality and multiple morbidity
outcomes. In the present study, EuroSCORE Il and
STS values were dichotomised using a threshold of
4% and evaluated against early postoperative
morbidity. This approach is pragmatic but does not
constitute conventional external validation of either
model's original endpoint, and the selected cut-off
requires independent validation. Fourth, the analysis
did not assess calibration using calibration plots,
calibration slope/intercept, Brier score, or observed-
to-expected ratios, nor did it evaluate discrimination
using  receiver-operating-characteristic  curves.
Consequently, the reported sensitivity, specificity,
and accuracy characterize performance only at the
prespecified thresholds. Fifth, the study evaluated
morbidity within seven days; events occurring later
during the conventional 30-day postoperative period
were not captured. Finally, the stratified analyses
were unadjusted and involved multiple comparisons,
so individual associations should be regarded as
exploratory.

These findings have several implications for further
research. Larger multicentre studies from Pakistan
and other South Asian populations should externally
validate EuroSCORE Il and the contemporary STS
models using their intended outcome definitions and
should report discrimination, calibration, overall
prediction error, and clinically relevant decision
thresholds. Separate analyses for mortality and major
morbidity would avoid conflating distinct endpoints,
while model recalibration may be required if
systematic differences between predicted and
observed risks are demonstrated. Future studies
should also assess whether locally prevalent clinical
characteristics improve prediction when added to
established models and should use sufficient event
numbers to permit robust multivariable analysis and
subgroup validation.

CONCLUSION

Both EuroSCORE Il and the Society of Thoracic
Surgeons (STS) score demonstrated high specificity
and overall classification accuracy for early
postoperative morbidity in patients undergoing
coronary artery bypass grafting. At the prespecified
threshold, EuroSCORE Il showed greater sensitivity
than the STS score, while both models produced
similarly high negative predictive values. These
findings indicate that structured preoperative risk
assessment can assist in identifying patients at
increased risk of adverse early postoperative
outcomes; however, the performance of these models
is dependent on the population, outcome definition,
and threshold applied.
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Because EuroSCORE Il was originally developed for
operative mortality and the STS system provides
outcome-specific risk estimates, the present findings
should be interpreted as local comparative evidence
rather than definitive validation of either model for

early morbidity.
incorporating

Larger multicentre  studies
receiver-operating-characteristic

analysis, formal calibration assessment, confidence
intervals for diagnostic-performance measures, and
externally validated morbidity definitions are
required before either score can be recommended as
a stand-alone tool for predicting early postoperative
morbidity in the Pakistani CABG population.
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