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Abstract

Background Chronic heart failure (HF) is frequent in elderly patients undergoing non-cardiac surgery. Preoperative
risk stratification is vital and can be achieved using simple clinical risk scores or preoperative N-terminal prohormone
of brain natriuretic peptide (NT-proBNP) measurement. This study aimed to compare the predictivity of the revised
cardiac risk index (RCRI), the American University of Beirut cardiovascular risk index (AUB-HAS2), and a score proposed
by Andersson et al. for postoperative 30-day morbidity to preoperative NT-proBNP.

Methods Preoperative NT-proBNP was measured in 199 consecutive patients aged > 65 years undergoing elective
non-cardiac surgery with intermediate or high surgical risk. The areas under the receiver operating characteristic
curve (AUCROC) for the composite morbidity endpoint (CME) comprising the incidence of any rehospitalisation,
acute decompensated HF, acute kidney injury, and any infection at postoperative day 30 were assessed. Multivariable
logistic regression analysis derived new scores from the simple risk scores and the NT-proBNP cut-off of 450 pg/mL.

Results AUB-HAS2, but not RCRI or Andersson score, significantly predicted the CME (AUB-HAS2: AUCROC 0.646,
p<0.001; RCRI: AUCROC 0.560, p=0.126; Andersson: AUCROC 0487, p=0.760). The AUCROC was comparable
between preoperative NT-proBNP (0.679, p <0.001) and AUB-HAS2 (p=0.334). Multivariable analyses revealed

a preoperative NT-proBNP >450 pg/mL to be the strongest predictor of CME among the individual score compo-
nents (p <0.001). Adding preoperative NT-proBNP improved the predictive value of AUB-HAS2 and RCRI (modified
AUB-HAS2: AUCROC 0.703, p<0.001; modified RCRI: AUCROC 0.679, p < 0.001; both p<0.001 vs original scores). The
predictive value of the modified RCRI and AUB-HAS2 was comparable to preoperative NT-proBNP alone (p=0.988 vs
modified RCRI, p=0.367 vs modified AUB-HAS2).

Conclusions The predictive value of postoperative morbidity varies significantly between the available simple perio-
perative risk scores and can be enhanced by preoperative NT-proBNP. New scores, including preoperative NT-proBNP,
should be evaluated in large multicentre cohorts.
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Background

Chronic heart failure (HF) is frequent in ageing popula-
tions and is associated with reduced quality of life and
increased morbidity and mortality (McDonagh et al
2021; Gerber et al. 2015; Shah et al. 2017). The general
prevalence of chronic HF is estimated at 1 to 2% but is
markedly higher in populations aged > 65 years, where it
affects 10% of patients (Groenewegen et al. 2020). There-
fore, elderly patients requiring major non-cardiac surgery
are at particular risk of cardiovascular complications,
such as acute decompensated HF (ADHEF), infections,
acute kidney injury (AKI), and death (Farzi et al. 2013;
Schmidt et al. 2024). A recent prospective observational
study reported a 2.5% rate of postoperative ADHF among
9164 patients. One striking finding of this study was that
51% of postoperative ADHF occurred in patients without
a known history of HF (Gualandro et al. 2023). Therefore,
risk stratification and detection of potential unknown HF
and congestion are critical in the preoperative setting to
apply risk-mitigating strategies to prevent postoperative
complications in this vulnerable population. However,
with standard tools, detecting and assessing unknown
but compensated HF only via physical examination in the
preoperative anaesthesiologic visit might be challenging,
if not impossible.

Therefore, current European Society of Cardiology
(ESC) guidelines on cardiovascular assessment and man-
agement in patients undergoing non-cardiac surgery rec-
ommend obtaining an accurate patient history, including
a focused clinical examination; however, further risk
stratification measures are also proposed (Halvorsen
et al. 2022). For example, the 30-day risk for cardiovas-
cular death, stroke, and myocardial infarction can be
estimated solely from the surgery type, which is 1-5%
and>5% for surgeries with intermediate or high risk,
respectively. In the 2022 ESC guidelines, measuring car-
diac biomarkers in patients aged > 65 years, such as high-
sensitivity cardiac troponin T/I and brain natriuretic
peptides (BNP) or its precursor N-terminal prohormone
of BNP (NT-proBNP), has emerged as a class I or II rec-
ommendation, respectively. Since NT-proBNP showed
good predictivity and risk stratification in chronic and
acute HF populations, it might be particularly suited to
identify patients with HF, which could then be preopera-
tively optimised (McDonagh et al. 2021).

Moreover, patients with chronic HF undergoing non-
cardiac surgery showed much higher mortality and

hospital readmission rates at 30 days than patients with-
out HF or with chronic coronary syndrome (Halvorsen
et al. 2022; Lee et al. 1999). Furthermore, current guide-
lines state that clinical risk scores, most of which include
both patient-related and surgery-related risk factors, can
also be considered when assessing the perioperative risk
of an elderly patient undergoing major non-cardiac sur-
gery (Halvorsen et al. 2022). However, the current guide-
lines do not recommend a specific risk score, because
none can be regarded as a gold standard compared to
others based on current evidence (Halvorsen et al. 2022).

Simple risk scores are calculated by summing a
numeric value for each score criterion met. For example,
the revised cardiac risk index (RCRI) was introduced in
1999 and is calculated from the presence of chronic HF,
coronary artery disease, cerebrovascular disease, insulin
therapy, preoperative serum creatinine>2 mg/dL, and
high-risk surgery type, which is defined as intraperito-
neal, intrathoracic, or suprainguinal vascular surgery
(Lee et al. 1999). The RCRI has been validated in various
studies and showed moderate predictivity for the risk of
cardiac death, myocardial infarction, and nonfatal car-
diac arrest in patients undergoing non-cardiac surgery
(Ford et al. 2010).

Andersson et al. proposed a new risk score in 2014 to
predict 30-day mortality in patients with HF undergo-
ing non-cardiac surgery, which included sex, age, body
mass index, acute surgery, insulin therapy, renal disease,
cerebrovascular disease, and high-risk procedure, which
was defined according to the RCRI definition (Andersson
etal. 2014). In 2019, Dakik et al. introduced the American
University of Beirut Cardiovascular Risk Index (AUB-
HAS2), which is calculated based on age>75 vyears;
history of heart disease, angina, or dyspnoea; haemoglo-
bin<12 g/dL; emergency surgery; and vascular surgery
(Dakik et al. 2019a, 2019b). The primary outcome meas-
ure of the AUB-HAS2 is death, myocardial infarction, or
stroke at 30 days.

In summary, while these three simple clinical risk
scores all aim to predict perioperative outcomes, they
mainly focus on myocardial infarction, cardiac arrest,
and death (Halvorsen et al. 2022). None of the currently
available clinical risk scores considers preoperative NT-
proBNP testing for risk prediction, and none has been
validated for clinically relevant postoperative morbidity
measures, such as ADHF, AKI, and infections. Therefore,
this study aimed to compare the predictive value of the



Schmidt et al. Perioperative Medicine (2024) 13:44

RCRI, AUB-HAS2, and Andersson scores with preopera-
tive NT-proBNP for the postoperative 30-day morbidity
in an observational non-cardiac and non-vascular sur-
gery cohort. Additionally, we assessed whether the pre-
dictivity of these scores could be improved by adding a
preoperative NT-proBNP cut-off into their respective
score.

Methods

Study design

This study was a secondary analysis of a prospective, sin-
gle-centre cohort study that aimed to evaluate patients’
postoperative morbidity stratified by preoperative NT-
proBNP after non-cardiac and non-vascular surgery with
intermediate or high surgical risk (Schmidt et al. 2024).
The study was approved by the local ethics committee
of the Medical Faculty of Justus Liebig University, Gies-
sen, Germany (approval number: AZ 263/21), and was
performed according to the Declaration of Helsinki.
Given its observational character and data anonymisa-
tion, written informed consent to participate was waived.
This study was registered with the German Clinical Tri-
als Register (ID: DRKS00027871; registration date: 17
January 2022). It prospectively enrolled 200 consecu-
tive patients aged >65 years scheduled for elective non-
cardiac non-vascular surgery in general anaesthesia with
intermediate or high surgical risk according to the cur-
rent ESC guidelines on cardiovascular assessment and
management in patients undergoing non-cardiac surgery
(Halvorsen et al. 2022). The inclusion criteria were elec-
tive intracranial, thoracic, head and neck, trauma and
orthopaedic, or abdominal surgery, including visceral,
urological, and gynaecological operations. Consequently,
patients aged <65 years, undergoing cardiac or vascular
surgery, or undergoing surgery with regional anaesthe-
sia and emergency patients were excluded. Before the
presurgical anaesthetic visit, NT-proBNP was measured
in every patient using venous blood with a point-of-care
immunoassay (proBNP+, cobas h 232; Roche Hold-
ing AG, Basel, Switzerland). Anaesthetic management
and intra- and post-operative treatment were performed
according to local institutional standards in compliance
with the current guidelines.

Data acquisition

Data were collected during the routine presurgical visit
at the anaesthesia outpatient clinic. Baseline charac-
teristics included age, sex, cardiovascular risk factors,
history of chronic HF or myocardial infarction, and rel-
evant comorbidities, such as peripheral artery disease,
carotid artery stenosis, chronic obstructive pulmonary
disease, pulmonary hypertension, stroke, and chronic
kidney disease. These preoperatively recorded baseline
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characteristics were used to calculate the RCRI, AUB-
HAS2, and Andersson scores.

Endpoints

The primary endpoint of the study was the composite
morbidity endpoint (CME), comprising the incidence of
any rehospitalisation, ADHF, AKI, and any suspected or
proven bacterial infection requiring treatment after sur-
gery until POD 30. Event rates were compared between
patients with preoperative NT-proBNP>450 pg/mL
and <450 pg/mL. The 450 pg/mL cut-off is described in
detail elsewhere (Schmidt et al. 2024). AKI was defined
according to the Kidney Disease: Improving Global Out-
comes criteria, and ADHF was defined as the onset or
worsening of shortness of breath and signs of congestion,
including peripheral oedema, moist rales, and radio-
logical signs of congestion or pleural effusion, requiring
treatment (Walther et al. 1995). The predictive value of
the RCRI, AUB-HAS2, and Andersson scores was evalu-
ated in this secondary analysis.

Statistical analysis

The RCRI, AUB-HAS2, and Andersson scores and their
components were calculated and compared between
patients stratified by the clinically implemented preop-
erative NT-proBNP cut-off. Categorial variables are pre-
sented as numbers and percentages and were compared
between groups using the chi-squared or Fisher’s exact
test. Continuous variables are presented as medians and
interquartile ranges and were compared between groups
using the Mann—Whitney-Wilcoxon test. The corre-
lations between preoperative NT-proBNP values and
RCRI, AUB-HAS2, and Andersson scores were assessed
using Spearman’s rank correlation coefficient (r,) and
classified as very weak (0<r <0.2), weak (0.2<r <0.4),
moderate (0.4<r,<0.6), strong (0.6<r,<0.8), and very
strong (r,>0.8). Areas under the curve of the receiver
operating characteristic (AUCROC) were calculated
to determine the discriminatory power of preopera-
tive NT-proBNP, RCRI, AUB-HAS2, and Andersson
scores in predicting the CME and were compared using
a z-test. Each optimal discriminatory level was identified
according to Youden’s index, and cut-offs are reported
with their sensitivity and specificity. Multivariable logis-
tic regression analysis was performed for the individual
score components to identify independent predictors of
the CME and assess their value in combination with the
preoperative NT-proBNP cut-off. New scores were then
derived from the simple risk scores using their compo-
nents and preoperative NT-proBNP, where all compo-
nents were weighted by their calculated odds ratios in
the multivariable logistic regression models. Two-tailed
p-values<0.05 were considered statistically significant.
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Statistical analyses were performed using IBM SPSS Sta-
tistics (version 28.0.0.1; IBM, Armonk, NY, USA).

Results

Baseline characteristics and scores

Baseline characteristics, including the RCRI, AUB-
HAS2, and Andersson scores and their components,
are shown in Table 1. Patients with preoperative NT-
proBNP >450 pg/mL were significantly older than
those with preoperative NT-proBNP <450 pg/mL and

Table 1 Baseline characteristics and scores
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had higher median RCRI and AUB-HAS2 scores (all
p<0.001). However, Andersson scores were comparable
between the two groups. Among the RCRI components,
a history of chronic HF and coronary artery disease, pre-
operative insulin therapy, and serum creatinine>2 mg/
dL were more frequently present in patients with preop-
erative NT-proBNP >450 pg/mL. All AUB-HAS2 com-
ponents were more frequently observed in patients with
preoperative NT-proBNP >450 pg/mL. Since our study
did not include patients who underwent emergency or

Characteristics Total (n=199)

NT-proBNP
<450 pg/mL (n=129)

NT-proBNP
>450 pg/mL (n=70)

Patient characteristics
74 [69-81]
277 [134-779]

Median age [IQR] — years
NT-proBNP [IQR] — pg/mL
Revised cardiac risk index

Median revised cardiac risk index [IQR] — no 11[0-2]
High-risk type of surgery — no. (%) 77 (38.7)
Chronic heart failure — no. (%) 21(10.6)
Coronary artery disease — no. (%) 51(25.6)
Cerebrovascular disease — no. (%) 21(10.6)
Insulin therapy — no. (%) 23(11.6)
Serum creatinine > 2 mg/dL — no (%) 13 (6.5)

American University of Beirut Cardiovascular Risk Index

Median AUB-HAS2 score [IOR] — no 1[0-2]
Age =75 years — no. (%) 92 (46.2)
History of heart disease — no. (%) 77 (38.7)
Angina or dyspnoea — no. (%) 31 (15.6)
Haemoglobin <12 g/dL — no. (%) 68 (34.2)
Emergency surgery — no. (%) 0(0.0)
Vascular surgery — no. (%) 0(0.0)

Andersson et al

Median risk score [IQR] — no 9[7-10]
Male — no. (%) 101 (50.8)
Age

Age 56-65 years — no. (%) 7 (3.5)
Age 66-75 years — no. (%) 110(55.3)
Age 76-85 years — no. (%) 71(35.7)
Age =85 years — no. (%) 11 (5.5)

Body mass index (BMI)

Underweight — no. (%) 6(3.0)

Normal weight — no. (%) 73 (36.7)
Overweight — no. (%) 80 (40.2)
Obese — no. (%) 40 (20.1)

Acute surgery — no. (%) 0(0.0)

High-risk type of surgery — no. (%) 77 (38.7)

Renal disease — no. (%) 131 (65.8)

Cerebrovascular disease — no. (%) 21(10.6)

Insulin therapy — no. (%) 23(11.6)

72 [68-77] 80 [74-83] <0.001
173 [103-274] 1309 [730-2918] <0.001
1[0-1] 101-2] <0.001
54(41.9) 23(32.9) 0274
4(3.1) 17 (24.3) <0.001
22(17.1) 29 (25.6) <0.001
10(7.8) 11(15.7) 0.133
10(7.8) 13(18.6) 0.041
1(0.8) 12(17.1) <0.001
1[0-1] 2[2-3] <0.001
42 (32.6) 50(71.4) <0.001
27 (20.9) 50(71.4) <0.001
10(7.8) 21(30.0) <0.001
25(194) 43 (61.4) <0.001
0(0.0) 0(0.0) 1.000
0(0.0) 0(0.0) 1.000
9[7-10] 8[7-10] 0.777
63 (48.8) 38(54.3) 0.463
4(3.1) 3(43) 0.698
70 (54.3) 40(57.1) 0.810
50 (38.8) 21(30.0) 0.282
5(3.9) 6 (8.6) 0.289
3(23) 3(4.3) 0.735
46 (35.7) 27 (386) 0.800
52(40.3) 28 (40.0) 1.000
28(21.7) 12(17.1) 0.561
0(0.0) 0(0.0) 1.000
54(41.9) 23(329) 0.274
79(61.2) 52 (74.3) 0.090
10(7.8) 11(15.7) 0.133
10(7.8) 13(18.6) 0.041
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vascular surgery, these criteria could not be met in this
analysis. In contrast, despite the prevalence of preopera-
tive insulin therapy, all Andersson risk score components
were comparable between the two groups.

Preoperative NT-proBNP values were very weakly
correlated with Andersson scores (r,=0.176), weakly
correlated with RCRI scores (r,=0.339), and strongly
correlated with AUB-HAS2 scores (r,=0.635; Supple-
mental Fig. 1).

Predictive value of clinical risk scores and preoperative
NT-proBNP

Preoperative NT-proBNP and AUB-HAS2 could pre-
dict the CME, while the AUCROC for the RCRI and
Andersson scores did not reach statistical significance.
The AUCROC, calculated cut-offs, and their specific-
ity and sensitivity in predicting the CME and the indi-
vidual components are shown in Fig. 1 and Table 2. The
AUCROC was significantly larger for preoperative NT-
proBNP than for the RCRI (p=0.008) and Andersson
score (p=0.001) but did not differ statistically between
preoperative NT-proBNP and AUB-HAS2 (p=0.334).
When the individual CME components were analysed, all
scores and preoperative NT-proBNP failed to predict any
rehospitalisation within our study’s observation period.
Furthermore, the Andersson score could not predict
any individual CME component. However, RCRI could
predict AKI but not infection and ADHF in our cohort.
Preoperative NT-proBNP and AUB-HAS2 could predict
AKI, infection, and ADHE, with the numerically largest
AUCROC observed for preoperative NT-proBNP in pre-
dicting AKI and ADHE. The calculated optimal preopera-
tive NT-proBNP cut-offs ranged from 443 pg/mL (CME)
to 482 pg/mL (ADHF and infection), while RCRI and
AUB-HAS?2 scores > 2 showed the best discrimination for
AKI, infection (AUB-HAS2 only), and ADHE. The high-
est sensitivity and specificity for CME, ADHEF, and AKI
were obtained with preoperative NT-proBNP, although
the AUB-HAS2 showed the highest sensitivity in pre-
dicting postoperative infections. The AUCROC for AKI
was significantly larger with preoperative NT-proBNP
than with AUB-HAS2 (p=0.023) but did not differ sig-
nificantly between preoperative NT-proBNP and RCRI
(p=0.255). The AUCROC for ADHF (p=0.337) and
infections (p=0.739) did not differ significantly between
preoperative NT-proBNP and AUB-HAS2.

Independent predictors of postoperative morbidity

Multivariable logistic regression models containing the
individual score components and the clinically adjusted
preoperative NT-proBNP cut-off of 450 pg/mL are
shown in Fig. 2. Preoperative NT-proBNP>450 pg/
mL was the strongest independent predictor of CME in
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each examined model. Furthermore, the original indi-
vidual score components did not independently predict
the CME when the strong predictor preoperative NT-
proBNP was added to the respective model.

Improving predictivity of clinical risk scores by adding

the preoperative NT-proBNP cut-off

Based on the multivariable logistic regression models,
new scores were created using the original score com-
ponents and the preoperative NT-proBNP cut-off. Each
component’s influence was adjusted according to the
respective multivariable model using its calculated odds
ratio, with the components then summed to obtain the
new scores. The formulas used to calculate these modi-
fied risk scores are shown in the supplement. Patients
with preoperative NT-proBNP >450 pg/mL had higher
optimised RCRI and AUB-HAS?2 scores than those with
preoperative NT-proBNP <450 pg/mL (optimised RCRI:
1.05 [0.0-1.05] vs. 6.52 [5.41-7.69], optimised AUB-
HAS2 0.6 [0.0-1.65] vs. 7.95 [6.90—8.55]; both p<0.001),
while their optimised Andersson scores remained com-
parable (5.64 [2.42-7.17] vs. 5.16 [2.42-7.14]; p=0.552).
While adding preoperative NT-proBNP and weighting
the individual components by the multivariable model
did not improve the predictive ability of the Andersson
score for the CME, it did improve the predictive abilities
of the RCRI and AUB-HAS2 (both p<0.001; Table 3).
The AUCROC for the optimised scores are shown in
Fig. 3. However, while the numerically largest AUCROC
was obtained by combining preoperative NT-proBNP
with AUB-HAS2, the AUCROC for the modified RCRI
and AUB-HAS2 scores did not differ significantly from
that of preoperative NT-proBNP alone.

Discussion

The most important result of this exploratory analysis
was its demonstration that the predictive ability of sim-
ple cardiac risk scores, such as the RCRI and AUB-HAS?2,
could be improved by adding the preoperative NT-
proBNP cut-off.

Our data also showed that the score proposed by
Andersson et al. is insufficient to assess postoperative
morbidity, including all individual components of the
CME in this study, after non-cardiac surgery in cohorts
containing both patients with and without HF. The
Andersson score has been validated for 30-day mortal-
ity risk in a large non-cardiac surgery cohort in which
all patients had a known history of HF (Andersson et al.
2014). Therefore, the impact of the isolated Andersson
score criteria appears to differ substantially from what
is needed when assessing perioperative morbidity risk
in mixed cohorts. This finding might be particularly
aggravated by age and body mass index being weighted
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Acute Kidney Injury
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Fig. 1 Predictive abilities of preoperative NT-proBNP and clinical risk scores. Receiver operating characteristic curves are shown for A the composite
morbidity endpoint, comprising B rehospitalisation, C acute kidney injury, D infection, and E acute decompensated heart failure during the first
30 days after surgery. Abbreviations: RCRI, Revised cardiac risk index; AUB-HAS2, American University of Beirut Cardiovascular Risk Index
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Table 2 The predictivity of preoperative NT-proBNP and the clinical risk scores for the composite morbidity endpoint and its

components
Score AUCROC p Cut-off Sensitivity Specificity
Composite morbidity endpoint
NT-proBNP 0.679 <0.001 443 pg/mL 55.6% 80.7%
Revised Cardiac Risk Index 0.560 0.126
AUB-HAS2 risk score 0.646 <0.001 2 52.2% 68.8%
Andersson et al. risk score 0487 0.760
Rehospitalisation
NT-proBNP 0.585 0.236
Revised Cardiac Risk Index 0457 0461
AUB-HAS2 risk score 0.559 0.371
Andersson et al. risk score 0473 0.606
Acute kidney injury
NT-proBNP 0.747 <0.001 453 pg/mL 72.2% 73.6%
Revised Cardiac Risk Index 0.687 <0.001 2 52.8% 75.5%
AUB-HAS2 risk score 0.664 <0.001 2 63.9% 64.4%
Andersson et al. risk score 0.510 0.852
Infection
NT-proBNP 0619 0.008 482 pg/mL 49.2% 75.7%
Revised Cardiac Risk Index 0573 0.081
AUB-HAS2 risk score 0.632 0.001 2 54.0% 65.4%
Andersson et al. risk score 0478 0.623
Acute decompensated heart failure
NT-proBNP 0.769 <0.001 482 pg/mL 73.7% 72.2%
Revised Cardiac Risk Index 0.590 0.242
AUB-HAS?2 risk score 0.715 <0.001 2 68.4% 62.2%
Andersson et al. risk score 0430 0334

Abbreviations: AUCROC area under the receiver operating characteristic curve, AUBHAS2 American University of Beirut Cardiovascular Risk Index

sevenfold and fourfold in the original score, respectively.
When the Andersson score is calculated, the data from
our cohort suggest that these two criteria are overem-
phasised. It is plausible that age and weight alone do not
determine postoperative morbidity without other comor-
bidities in general populations. Therefore, its predictive
ability to identify patients at risk for postoperative com-
plications was non-existent in our analysis.

The correlation between preoperative NT-proBNP,
which was predictive of postoperative complications
in our cohort, and the Andersson score was very weak.
The correlation was also weak between preoperative NT-
proBNP and the RCRI, which also failed to significantly
predict the CME in our small cohort. However, its pre-
dictive ability for AKI was sufficient and comparable to
preoperative NT-proBNP. Therefore, we generated some
preliminary evidence that the RCRI may also be used to
predict postoperative AKI after major non-cardiac sur-
gery. The RCRI has generally been shown to discriminate
moderately well in mixed non-cardiac surgery cohorts
but did not perform well in vascular surgery cohorts

(Ford et al. 2010). However, it was shown that its pre-
dictivity for major adverse cardiovascular events could
be improved by preoperative biomarkers, such as high-
sensitivity cardiac troponin T/I and NT-proBNP (Kyeong
et al. 2008; Vernooij et al. 2021; Rodseth et al. 2011; Park
et al. 2011). Unfortunately, there is still a lack of clinically
applicable strategies combining the RCRI with preopera-
tive biomarker screening.

In our analysis, the modified RCRI, including the
weighted preoperative NT-proBNP cut-off and original
RCRI components, showed improved predictivity com-
pared to the original RCRI. However, the multivariable
logistic regression model showed that preoperative NT-
proBNP had an almost fivefold greater adjusted predic-
tive ability for the CME than the RCRI components. A
meta-analysis by Rodseth et al. showed that reclassify-
ing the RCRI using a preoperative NT-proBNP cut-off
improved risk prediction for cardiovascular deaths and
nonfatal myocardial infarction (Rodseth et al. 2011).
Therefore, our data are consistent with previously pub-
lished data, expanding the improvability of the RCRI to
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p
0.068
0.371
0.330
0.929
0.884
0.438

<0.001

0.201
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0.153
0.653

<0.001
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P
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0.196

Fig. 2 Multivariable logistic regression analyses combining clinical risk scores with preoperative NT-proBNP. When the preoperative NT-proBNP
cut-off of 450 pg/mL was included, preoperative NT-proBNP was the only independent predictor of postoperative morbidity, outweighing
the clinical parameters used in A the revised cardiac risk index (RCRI), B the American University of Beirut Cardiovascular Risk Index (AUB-HAS2),

and C the Andersson score
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Table 3 The predictivity of the modified risk scores incorporating preoperative NT-proBNP

Score AUCROC P Cut-off Sensitivity Specificity p (NT-proBNP  p (score alone)
alone)
Composite morbidity endpoint
Optimised Revised Cardiac Risk Index 0.679 <0.001 4.693 54.4% 80.7% 0.988 <0.001
Optimised AUB-HAS2 risk score 0.703 <0.001 3111 55.6% 80.7% 0367 0.001
Optimised Andersson et al. risk score 0492 0.845 0.001 0.901

Abbreviations: AUCROC area under the receiver operating characteristic curve, AUBHAS2 American University of Beirut Cardiovascular Risk Index

1007

N
g

Sensitivity (%)
(&)1
?

251

— NT-proBNP

— RCRI + NT-proBNP

— AUB-HAS2 + NT-proBNP
Andersson et al. + NT-proBNP

0 25

50 75 100

1 - Specifity (%)
Fig. 3 Predictive value of clinical risk scores combined with NT-proBNP. While predictivity of the revised cardiac risk Index (RCRI) and the American
University of Beirut Cardiovascular Risk Index (AUB-HAS2) was improved, no improvement was realised using the score by Andersson et al.

the field of postoperative morbidity. However, it must
be noted that the original RCRI criteria had only a small
impact on the modified score because of the strongly
weighted preoperative NT-proBNP cut-off. Therefore,
this finding once again underscores the superiority of
preoperative NT-proBNP alone over clinical scores, such
as the RCRYI, in predicting the CME. In addition, its over-
all predictivity for the CME could not be improved com-
pared to preoperative NT-proBNP alone.

The AUB-HAS2 showed a good correlation with pre-
operative NT-proBNP in our analysis. It also showed
better risk prediction than the RCRI for the CME but for
ADHEF and postoperative infections. The criteria used in
the AUB-HAS2 seem to be of higher relevance for the
perioperative outcome than the parameters of the other

scores, leading to the improved predictive value for the
CME. For example, symptoms of heart disease are a cri-
terion that can be positive, even if the patient has not
yet diagnosed with HF or chronic coronary syndrome.
Furthermore, anaemia is not considered in the RCRI
and Andersson score; however, preoperative anaemia is
strongly associated with postoperative AKI and adverse
outcomes (Katayama et al. 2021). The AUB-HAS2 was
initially validated for risk prediction of 30-day death,
myocardial infarction, and stroke in a general non-
cardiac surgery cohort (Dakik et al. 2019b). It was sub-
sequently shown to be predictive in various surgical
subpopulations, including vascular surgery (Dakik et al.
2019a; Msheik et al. 2021). Therefore, we expanded the
evidence that AUB-HAS2 can also predict postoperative
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morbidity, showing better discriminatory power than the
RCRI in our cohort. Our data is consistent with previous
analyses showing that AUB-HAS2 was superior to the
RCRI (Dakik et al. 2019a, 2019b). AUB-HAS2 predicted
risk for the CME was comparable to that of preopera-
tive NT-proBNP alone. alone. Therefore, both tools can
be suitably used to assess perioperative morbidity risk in
patients undergoing non-cardiac surgery. While the indi-
vidual strength of the AUB-HAS2 depends on accurate
information in the patient’s history, preoperative NT-
proBNP measurement offers an additional independent
parameter.

However, it must be noted that NT-proBNP can
be negative in up to 20% of patients with HF with pre-
served ejection fraction and might be influenced by
other factors, such as age, weight, sex, and renal function
(McDonagh et al. 2021). Therefore, combining preopera-
tive NT-proBNP and clinical risk scores appears attrac-
tive. When preoperative NT-proBNP was combined
with the AUB-HAS2 after the multivariable analysis
in our study, the AUCROC was numerically improved
compared to AUB-HAS2 or preoperative NT-proBNP
alone. However, the absolute difference in the AUCROC
was small, showing statistical significance to the original
score but not NT-proBNP alone, potentially reflecting
our study’s small sample size. Furthermore, preopera-
tive NT-proBNP was weighted stronger than all other
AUB-HAS2 parameters together. Therefore, patients
with preoperative NT-proBNP below the cut-oft but with
clinically relevant chronic HF would be at risk of false-
negative classification with the modified score calculated
in our study. These findings suggest that risk stratification
should still be performed by combining biomarkers and
risk scores derived from the patient’s history because no
existing clinical risk scores sufficiently include preopera-
tive biomarkers.

Nevertheless, our data showed that combining preop-
erative NT-proBNP with established risk scores might
improve outcome prediction for postoperative morbid-
ity. Furthermore, while the AUB-HAS2 was validated
for death, myocardial infarction, and stroke at 30 days,
it could also predict the morbidity measures analysed
in our study. These morbidity events occur more fre-
quently than the fatal outcomes initially assessed. For
example, the AUB-HAS2 was validated in a cohort
with a 1.2% rate of major adverse cardiovascular events
(Dakik et al. 2019b). However, there are good reasons
to consider morbidity measures, such as those analysed
in our study, when assessing perioperative risk. Postop-
erative morbidity after non-cardiac surgery is not only
individually relevant but is also economically important
because the morbidity events analysed in our study have
already caused longer hospital and intensive care unit
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stays (Schmidt et al. 2024). Therefore, when risk scores
and biomarker screening jointly indicate high periopera-
tive risk, distinct therapeutic strategies are indicated and
should be evaluated in further studies.

Our study had several limitations that must be
acknowledged. First, its sample size was small, and the
initial sample size was not powered to assess differ-
ences in perioperative risk scores. Therefore, the results
of this pilot analysis should be interpreted as hypoth-
esis-generating because its small sample size limited
its statistical analysis. For example, advanced statisti-
cal measures, such as machine learning models, could
not be implemented in our study to improve predictiv-
ity for the CME. Second, we did not validate the modi-
fied scores in an independent validation cohort. Further
studies with larger cohorts are necessary to create more
accurate predictive models considering preoperative NT-
proBNP testing after major non-cardiac surgery. Third,
our study only considered elective non-cardiac and non-
vascular surgeries. Therefore, the predictive abilities
of the analysed scores were impaired because not all of
their criteria were covered by this analysis. For example,
the AUB-HAS2 considers both vascular and emergency
surgery for risk prediction; however, it still had the best
predictivity of all analysed scores in our cohort. Fourth,
only patients undergoing surgery with intermediate or
high surgical risk were analysed. Therefore, our study did
not examine risk prediction in patients with low surgical
risk but potentially high patient-related risk. The predic-
tivity of the analysed scores may be reduced in patients
undergoing low-risk surgery, which could be classified as
at high risk for the CME.

Conclusions

Our secondary analysis of a single-centre observational
trial showed that the predictivity of postoperative mor-
bidity varies markedly between the available simple peri-
operative risk scores. Our data revealed that combining
preoperative NT-proBNP with clinical risk scores could
generally enhance predictivity for postoperative morbid-
ity compared to the clinical risk scores alone, as shown
for the RCRI. However, the predictive ability of preop-
erative NT-proBNP alone was comparable to that of the
AUB-HAS2. Therefore, adding only preoperative NT-
proBNP to established risk scores may be insufficient
to improve the risk stratification of patients undergoing
major non-cardiac surgery. New scores that include pre-
operative biomarkers should be evaluated in large mul-
ticentre cohorts to evaluate which clinical parameters
should be added to maximise their predictivity.

Abbreviations
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