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Abstract
Background: The PREVENT-MINS trial investigated whether perioperative heart rate 
reduction with ivabradine could prevent myocardial injury after noncardiac surgery 
(MINS). Although ivabradine modestly reduced heart rate, it did not reduce the in-
cidence of MINS in the intention-to-treat analysis. This per-protocol analysis of the 
PREVENT-MINS trial, with a post-hoc biomarker substudy, evaluated whether periop-
erative ivabradine modifies postoperative N-terminal pro-B-type natriuretic peptide  
(NT-proBNP) concentrations, a marker of perioperative cardiovascular risk.

Methods: This analysis included 2008 participants who received ≥ 1 dose of study drug, 
underwent surgery, and had NT-proBNP and troponin measured (ivabradine: n = 1,001; 
placebo: n = 1,007). Postoperative NT-proBNP levels and changes from baseline  
(ΔNT-proBNP) were compared by treatment allocation. Clinical outcomes and safety 
endpoints from the parent trial were evaluated. Analysis of covariance (ANCOVA)  
assessed ivabradine’s effect on postoperative NT-proBNP after adjustment for baseline 
values and clinical covariates.

Results: MINS occurred in 17.7% of ivabradine-treated vs. 15.7% of placebo patients 
(RR 1.13; 95% CI: 0.93–1.37; P = 0.23). Median postoperative NT-proBNP was higher with 
ivabradine than with placebo (418.0 vs. 333.5 pg mL–1; P < 0.001), as were ΔNT-proBNP 
values (215.1 vs. 154.0 pg mL–1; P < 0.001). After adjustment for baseline and relevant 
clinical covariates, ivabradine was independently associated with an approximately  
82% increase in postoperative NT-proBNP (Δlog = 0.59 ± 0.19; 95% CI: 26–164).
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Conclusions: Ivabradine did not reduce the incidence of MINS and was associated 
with greater postoperative NT-proBNP release. Perioperative heart rate reduction with 
ivabradine may elevate markers of cardiac stress without measurable clinical benefit.

Key words: ivabradine, noncardiac surgery, NT-proBNP, myocardial injury, ran-
domized controlled trial, per-protocol analysis.

The PREVENT-MINS trial was a multicenter ran-
domized controlled study, designed to determine 
whether perioperative heart-rate reduction with iva
bradine could prevent myocardial injury after non-
cardiac surgery (MINS) in high-risk adults [1]. In this 
trial, more than 2,100 patients aged ≥ 45 years un-
dergoing major noncardiac procedures were rando
mized to receive ivabradine or placebo, with MINS 
as a primary endpoint, adjudicated using high- 
sensitivity troponin assays [2]. In intention to treat 
analysis, ivabradine resulted in a modest periope
rative decrease in heart rate, however, it did not re-
duce the incidence of MINS or major cardiovascular 
complications at 30 days [3]. PREVENT-MINS trial 
findings highlight the substantial and persistent 
burden of MINS and point to the need for improved 
strategies to identify patients at risk – particularly 
through the use of cardiac biomarkers.

Preoperative N-terminal pro-B-type natriuretic 
peptide (NT-proBNP) is a strong predictor of peri
operative cardiovascular events, showing a clear 
stepwise relationship with 30-day vascular outcomes 
in the VISION cohort [4]. Its inclusion improves risk 
discrimination beyond the Revised Cardiac Risk Index 
(RCRI) [5, 6], and major guidelines now recommend 
routine preoperative NT-proBNP (or BNP) testing in  
at-risk patients [7]. NT-proBNP has thus become a cen-
tral element of perioperative risk stratification [8, 9].

Despite strong evidence supporting prognos-
tic value at baseline [10], the clinical significance of 
postoperative significance of postoperative changes 
in NT-proBNP remains poorly understood. Unlike  
troponin-defined MINS, natriuretic peptide dynamics 
around the time of surgery have been studied only 
sparingly, and their independent contribution to 
short-term outcomes remains unclear. Moreover, 
whether targeted hemodynamic interventions  
– such as heart-rate reduction with ivabradine can in-
fluence these postoperative trajectories is unknown.

The aim of the present study was to perform  
a per-protocol analysis of the PREVENT-MINS trial 
and to determine whether ivabradine affects post-
operative NT-proBNP concentrations in high-risk 
patients undergoing major noncardiac surgery.

METHODS
Overview of the PREVENT-MINS parent trial

The PREVENT-MINS trial (NCT05279651) was 
an investigator-initiated, randomized, placebo-

controlled superiority study conducted across 26 
hospitals in Poland [11]. Its primary objective was to 
determine whether perioperative ivabradine, com-
pared with placebo, reduced the incidence of MINS.  
The full study design and protocol have been 
published previously [1]. All participating centers 
obtained approval from local institutional review 
boards and bioethics committees, and all partici-
pants provided written informed consent in accor-
dance with national regulations and the Declaration 
of Helsinki. 

Patient selection and recruitment
Full eligibility criteria are presented in the origi-

nal protocol. In brief, participants were eligible if 
they were ≥ 45 years old, scheduled for noncar-
diac surgery requiring at least one postoperative 
overnight stay, and at elevated cardiovascular risk. 
Elevated risk was defined by a history of coronary 
artery disease, peripheral arterial disease, or stroke; 
planned major vascular surgery; or the presence of 
at least three predefined clinical risk factors. Key ex-
clusion criteria included cardiac conduction abnor-
malities, ivabradine use within the previous month, 
and hemodynamic parameters that precluded study 
drug administration.

Screening occurred in preoperative clinics or 
upon hospital admission. Trained study personnel 
confirmed eligibility, obtained informed consent, 
and collected baseline demographic, clinical, and 
medication data. Following the second pre-speci-
fied interim analysis, the independent Data Moni-
toring Committee recommended early termination 
of the trial for futility.

Randomization and blinding
Randomization was performed after eligibility 

verification. Participants were assigned to treatment 
groups via an interactive web-based system em-
ploying random permuted blocks, with stratification 
by center. Participants, treating clinicians, trial per-
sonnel, and outcome adjudicators remained blind-
ed to treatment allocation. Emergency unblinding 
was permitted solely for safety reasons.

Trial intervention
Eligible participants received oral ivabradine  

5 mg or a matching placebo at least one hour be-
fore surgery. A second 5-mg dose was administered 
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≥ 12 hours later if hemodynamic criteria conti
nued to be met. From postoperative day 1 through  
day 7 (or until discharge, whichever occurred first), 
the study drug was administered twice daily.

Data collection and follow-up
During hospitalization, study personnel pro-

spectively recorded vital signs, perioperative mana
gement details, study medication administration, 
and laboratory results, including high-sensitivity 
troponin and NT-proBNP measurements. Clinical 
outcomes were determined by review of medical 
records and standardized follow-up at 30 days and 
1 year after surgery, conducted in person or by tele-
phone according to trial procedures. Case report 
forms were submitted via dedicated electronic data-
capture software (BioStat).

Methods for the PREVENT-MINS NT-proBNP 
substudy
Study design

This study is a post-hoc, per-protocol secondary 
analysis evaluating perioperative NT-proBNP chang-
es within the PREVENT-MINS trial. No procedures 
beyond those defined in the parent study protocol 
were implemented.

Substudy population
The substudy included all PREVENT-MINS par-

ticipants who met per-protocol criteria. Patients 
were eligible if they: 1) were randomized in the  
PREVENT-MINS trial; 2) received at least one dose 
of the assigned study drug; 3) underwent the in-
dex noncardiac surgery; and 4) had both preope
rative and postoperative high-sensitivity cardiac 
troponin measurements. Of the 2,101 randomized 
participants, 2,008 met these criteria and were in-
cluded in the per-protocol cohort (1,001 assigned to 
ivabradine and 1,007 to placebo), as depicted in the 
study flow diagram (Figure 1).

Biochemical measurements
Preoperative NT-proBNP concentrations were 

measured within 24 hours before surgery using 
hospital assays calibrated according to manufac-
turer specifications. Local laboratories applied  
assay-specific reference ranges and standard quality- 
control procedures. Protocolised postoperative 
NT-proBNP measurements were obtained on the 
second postoperative day (approximately 48 hours 
after surgery) using the same assay platforms. In pa-
tients with more than one postoperative measure-
ment, the peak postoperative NT-proBNP value was 

FIGURE 1. Flow chart of the study

Patients screened (N = 38,059)

Patients exluded (n = 35,914) 
• Not meeting criteria (n = 30,826) 
• Declined to participate (n = 5,088) 

Patients did not have postoperative troponin measured 
(n = 21) 

Analyzed for primary outcome (PP)  
(n = 1,001) 

• �Patients did not have preoperative NT-proBNP measured 
(n = 31)

• Patients did not have postoperative  
NT-proBNP measured  

(n = 106) 

Analyzed for preoperative (n = 970),  
postoperative (n = 895) and delta NT-proBNP (n = 867) 

Randomized to ivabradine (n = 1,050) 
• Patients received allocated intervention (n = 1,022)

• Patients did not receive allocated intervention (n = 28)
- did not receive 1st dose of the study drug (n = 10)

- did not have surgery (n = 18) 

Analyzed for preoperative (n = 990),  
postoperative (n = 888) and delta NT-proBNP (n = 874) 

Patients did not have postoperative troponin measured 
(n = 17) 

Analyzed for primary outcome (PP)  
(n = 1,007)

• �Patients did not have preoperative NT-proBNP measured 
(n = 17)

• Patients did not have postoperative  
NT-proBNP measured  

(n = 119) 

Randomized to placebo (n = 1,051)
• Patients received allocated intervention (n = 1,024)

• Patients did not receive allocated intervention (n = 27)
– did not receive 1st dose of the study drug (n = 7)

– did not have surgery (n = 20) 

Patients randomized (n = 2,101) 
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used for the analyses. Delta NT-proBNP was defined 
as the difference between peak postoperative and 
preoperative NT-proBNP values.

Preoperative NT‑proBNP measurements were 
missing for 31 patients in the ivabradine group 
and 17 in the placebo group, and postoperative 
NT‑proBNP values were unavailable for 106 and 119 
patients, respectively. These patients were excluded 
from the NT‑proBNP analyses accordingly and delta 
NT‑proBNP was calculated exclusively for partici-
pants with both pre‑ and postoperative NT‑proBNP 
measurements.

High-sensitivity cardiac troponin was measured 
preoperatively and on postoperative days 1–3 accord
ing to the PREVENT-MINS protocol.

Substudy outcomes
The main substudy outcome was postoperative 

NT-proBNP and delta NT-proBNP in the per-protocol 
cohort, analyzed according to randomized treat-
ment assignment. Additional outcomes, evaluated 
in the per-protocol population, included the pri-
mary endpoint of the parent trial (MINS occurring 
intraoperatively or within 30 days), key secondary 
outcomes, and safety endpoints.

To assess robustness with respect to baseline 
differences in coronary artery disease (CAD) in the 
NT-pro-BNP analysis, a post hoc exploratory sensitiv-
ity analysis was performed after excluding patients 
with documented CAD. Definitions of MINS and 
myocardial infarction followed those of the main 
PREVENT-MINS trial, relying on standardized high-
sensitivity troponin thresholds and adjudication of 
non-ischemic causes.

Statistical analysis
No separate sample-size calculation was per-

formed for this analysis; all eligible per-protocol par-
ticipants from PREVENT-MINS were included. Analy-
ses were conducted in the per-protocol population 
while preserving randomized treatment allocation. 
Continuous variables are reported as medians with 
interquartile ranges, and categorical variables as 
counts and percentages. Between-group compari-
sons employed the Mann-Whitney test for continu-
ous variables and the c2 test for categorical variables.

Continuous secondary outcomes (including days 
alive and at home, health-related quality-of-life 
scores, intraoperative mean arterial pressure, intra
operative heart rate) were analyzed in the per-proto-
col cohort using linear regression, generating mean 
differences with corresponding 95% confidence in-
tervals (95% CI).

We performed an analysis of covariance (ANCOVA) 
to evaluate the association between ivabradine 
treatment and peak NT-proBNP levels. Because NT-

proBNP often exhibits a right-skewed distribution, 
both baseline and peak NT-proBNP values were  
naturally logarithmically- transformed prior to ana
lysis [12]. The ANCOVA model included log-trans-
formed peak postoperative NT-proBNP as the de-
pendent variable, ivabradine use as the main factor, 
and log-transformed preoperative NT-proBNP as a 
covariate. Additional covariates were age, sex, body 
mass index (BMI), history of congestive heart failure, 
history of coronary artery disease, and an interaction 
term, if an interaction between covariates was detect-
ed. Assumptions of homogeneity of variances were 
tested using Levene’s test. Estimated marginal means 
and Bonferroni-adjusted pairwise comparisons were 
used to quantify adjusted group differences. Residual 
normality was assessed using the Shapiro-Wilk test. 
Finally, marginal means of log-peak postoperative 
NT-proBNP for the ivabradine and placebo groups 
were back-transformed and percentage difference 
between groups was calculated.

All P-values are two-sided, with a P-value of less 
than 0.05 considered to indicate statistical signifi-
cance. MedCalc Statistical Software (MedCalc Soft-
ware Ltd, Ostend, Belgium).

RESULTS
Per protocol results

Among the 2,101 patients included in the inten-
tion-to-treat analysis, 2,008 (95.6%) adhered to the 
study protocol and were included in the per-proto-
col analysis. Among these, 1,001 received ivabradine 
and 1,007 received placebo (Figure 1). 

Baseline demographic characteristics, type of 
noncardiac surgeries and anesthesia, and preope
rative medications were well balanced between 
the groups (Table 1). Noticable distinctions were 
observed in the history of CAD which was more 
common in ivabradine group [268 (26.8%) vs. 223 
(22.1%) patients; P = 0.016] and history of hyperten-
sion, which was less common in the ivabradine group 
[911 (91%) vs. 941 (93.4%) patients; P = 0.04].

The primary outcome, MINS occurred in 177 of 
1,001 patients (17.7%) receiving ivabradine and in 
158 of 1,007 patients (15.7%) receiving placebo (RR, 
1.13; 95% CI: 0.93–1.37; P = 0.23). Among patients 
with MINS, 7 out of 177 in the ivabradine group and 
9 out of 158 in the placebo group fulfilled the crite-
ria for myocardial infarction (Table 2).

NT-pro-BNP results
The overall preoperative NT-pro-BNP value was 

139.6 pg mL–1 (IQR, 68.0 to 267.0) with no differences 
between ivabradine and placebo group. Patients who 
received ivabradine had significantly higher median 
postoperative NT-pro-BNP (418.0 vs. 333.5 pg mL–1;  
P < 0.001; Figure 2) and higher median delta NT- 
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TABLE 1. Baseline characteristics, type of surgery, anesthesia, and perioperative medications (per-protocol)
Characteristic Ivabradine (n = 1,001) Placebo (n = 1,007) P-value
Age (years) 71 (65–74) 70 (65–75) 0.92

Male – sex, n (%) 523 (52.3) 489 (48.6) 0.098

BMI (kg m–2) 27.7 (24.6 to 31.7) 28.1 (25.0 to 31.6) 0.53

Eligibility criteria met, n (%)

History of coronary artery disease 268 (26.8) 223 (22.1) 0.0159

History of peripheral artery disease 188 (18.8) 183 (18.2) 0.73

History of stroke 79 (7.9) 78 (7.7) 0.90

Undergoing major vascular surgery 104 (10.4) 101 (10.0) 0.79

Risk criteria*

Undergoing major surgery† 786 (78.5) 797 (79.1) 0.73

History of congestive heart failure 26 (2.6) 20 (2.0) 0.36

History of a transient ischemic attack 17 (1.7) 29 (2.9) 0.077

Diabetes requiring medication 441 (44.1) 422 (41.9) 0.33

Age ≥ 70 yr 562 (56.1) 570 (56.6) 0.84

History of hypertension 911 (91.0) 941 (93.4) 0.04

Serum creatinine > 175 μmol L–1 (> 2.0 mg dL–1) 9 (0.9) 10 (1.0) > 0.99

History of smoking within 2 yr of surgery 404 (40.4) 401 (39.8) 0.81

Undergoing emergent/urgent surgery 16 (1.6) 21 (2.1) 0.51

Median preoperative hemoglobin (IQR) (g dL–1) 13.4 (12.1 to 14.5) 13.4 (12.1 to 14.5) 0.71

Median preoperative systolic blood pressure (IQR) (mmHg) 140 (130 to 150) 140 (129 to 151) 0.97

Median preoperative heart rate (IQR) (beats per min) 75 (70 to 80) 76 (70 to 81) 0.0146

Median preoperative troponin (IQR) (ng L–1‡) 10.0 (6.5 to 14.6) 9.6 (6.3 to 15.0) 0.52

Surgery, n (%)

Orthopedic 241 (24.1) 245 (24.3) 0.89

Urology 182 (18.2) 178 (17.7) 0.77

Thoracic 168 (16.8) 177 (17.6) 0.64

Vascular 169 (16.9) 165 (16.4) 0.76

General 141 (14.1) 125 (12.4) 0.27

Gynecological 65 (6.5) 82 (8.1) 0.16

Other 789 (78.8) 808 (80.2) 0.43

Neurological/spinal 5 (0.5) 7 (0.7) 0.77

Anesthesia type, n (%)

General 575 (57.4) 588 (58.4) 0.67

Regional (spinal or epidural) 295 (29.5) 291 (28.9) 0.78

General and regional (spinal/epidural) 96 (9.6) 91 (9.0) 0.67

Other 32 (3.2) 38 (3.8) 0.48

Procedure duration (min) 130 (91 to 185) 130 (95 to 179) 0.68

ASA Physical Status Classification System, n (%)

I 0 (0.0) 0 (0.0) –

II 432 (43.2) 480 (47.7) 0.042

III 549 (54.8) 509 (50.5) 0.054

IV 19 (1.8) 18 (1.7) 0.87

V 1 (0.1) 0 (0.0) 0.50

Medications taken within 24 hr before surgery, n (%)

b-blocker 580 (57.9) 566 (56.2) 0.43

ACEI/ARB 510 (50.9) 502 (49.9) 0.62

Dihydropyridine calcium channel blocker 278 (27.8) 319 (31.7) 0.055
*Meeting this eligibility criterion involved meeting at least three of the nine risk criteria listed here.
†Major surgery was defined as undergoing intraperitoneal, intrathoracic, retroperitoneal, or major orthopaedic procedure.
‡Values represent the median pool troponin concentration across all assays.
ACEI – angiotensin-converting enzyme inhibitors, ARB – angiotensin receptor blockers, BMI – body mass index, IQR – interquartile range
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TABLE 2. Effects of Ivabradine on the primary, secondary and safety outcomes at 30 days (per-protocol)

Outcome Ivabradine  
(n = 1,001)

Placebo  
(n = 1,007)

Relative risk  
(95% CI)

P-value

Primary outcome

MINS 177 (17.7) 158 (15.7) 1.13 (0.93 to 1.37) 0.23

Secondary outcomes

Vascular death or non-fatal MINS, stroke, or cardiac arrest 189 (18.9) 165 (16.4) 1.15 (0.95 to 1.39) 0.14

Myocardial infarction 7 (0.7) 9 (0.9) 0.78 (0.29 to 2.09) 0.62

Peri-operative myocardial infarction/injury* 115 (11.5) 105 (10.4) 1.10 (0.86 to 1.41) 0.45

Vascular death 6 (0.6) 3 (0.3) 2.01 (0.50 to 8.02) 0.31

Stroke 6 (0.6) 4 (0.4) 1.51 (0.43 to 5.33) 0.52

All-cause mortality 13 (1.3) 13 (1.3) 1.01 (0.47 to 2.16) 0.99

New clinically important atrial fibrillation 6 (0.6) 12 (1.2) 0.50 (0.19 to 1.33) 0.16

Acute congestive heart failure 2 (0.2) 1 (0.1) 2.01 (0.18 to 22.15) 0.56

Days alive and at home – days [median (IQR)] 26 (24–28) 26 (24–28) 0.07 (–0.41 to 0.54)‡ 0.78

Health-related quality of life† [median (IQR)] 0.94 (0.89–0.98) 0.94 (0.89–0.98) 0.00 (–0.02 to 0.01)‡ 0.70

Intraoperative mean arterial pressure – mmHg [median (IQR)] 82 (75–89) 83 (75–90) –0.72 (–1.69 to 0.24)‡ 0.14

Intraoperative heart rate – bpm [median (IQR)] 65 (60–70) 68 (62–75) –3.26 (–4.12 to –2.39)‡ < 0.001

Safety outcomes

Clinically significant bradycardia 233 (23.3) 195 (19.4) 1.20 (1.02 to 1.42) 0.032

Clinically significant hypotension 392 (39.2) 361 (35.8) 1.09 (0.98 to 1.22) 0.13

Phosphenes 1 (0.1) 0 (0.0) – –
*PMI defined by the 2022 European Society of Cardiology (ESC) guidelines on cardiovascular assessment and management of patients undergoing non-cardiac surgery.
†Health-related quality of life calculated as an index of EuroQoL 5-Dimension tool. 
‡Presented as the mean difference (95% CI).
MINS – myocardial injury after noncardiac surgery

proBNP (215.1 vs. 154.0 pg mL–1; P < 0.001) than pa-
tients who received placebo (Table 3). 

In the ANCOVA analysis ivabradine treatment 
had a significant independent effect (F = 10.1,  
P = 0.002), with adjusted marginal means indicating 
higher log-transformed peak postoperative NT-pro-
BNP values in the ivabradine group (6.25 ± 0.09 vs. 
5.65 ± 0.09; P = 0.0015). The adjusted mean difference 
on the log scale (Δ = 0.59 ± 0.19) corresponds to an 
approximate 82% increase in NT-proBNP among pa-
tients receiving ivabradine (95% CI: ~26–164). 

A sensitivity analysis was performed after exclud-
ing 491 patients with known CAD. In this analysis, 
patients receiving ivabradine continued to show 
higher delta NT-proBNP compared with those re-
ceiving placebo (213.0 pg mL–1 [IQR, 52.6–495.0] vs. 
148.0 pg mL–1 [IQR, 33.08–408.9]; P < 0.001).

DISCUSSION
In this per-protocol analysis, ivabradine did not 

reduce the incidence of MINS compared with pla-
cebo in patients undergoing noncardiac surgery.  
The direction and magnitude of the primary, secon
dary, and safety outcomes were consistent with those 
observed in the recently reported ITT analysis [2].  
Notably, randomization to ivabradine was associated 
with greater postoperative NT-proBNP release.

Overall, the PREVENT-MINS trial demonstrated 
high protocol adherence, with only 4.5% of pa-
tients (n = 93) deviating from the study protocol. 
Most exclusions from the per-protocol population 
involved patients who received the study drug but 
ultimately did not undergo surgery (n = 38, largely 
due to logistical reasons) or who lacked postop-
erative troponin measurements (n = 38, generally 
due to random operational factors). Consequently,  
the per-protocol approach did not meaningfully  
alter the ITT findings.

FIGURE 2. Median plasma N-terminal pro-B-type natriuretic peptide (NT-proBNP) 
concentrations (pg mL–1) in patients receiving ivabradine or placebo. Measurements 
were obtained preoperatively and postoperatively

500

250

Preoperative Postoperative

M
ed

ia
n 

NT
-p

ro
BN

P 
(p

g 
m

L–1
) Placebo

Ivabradine



e397

NT-proBNP and Ivabradine After Noncardiac Surgery

TABLE 3. Effects of ivabradine on cardiac biomarkers (per-protocol)

Outcome Ivabradine  
(n = 1,001)

Placebo  
(n = 1,007)

Median difference  
(95% CI)

P-value

hs-Troponin

Preoperative hs-Troponin (ng L–1) 10.0 (6.4 to 14.5) 9.6 (6.3 to 14.9) 0.15 (–0.33 to 0.70) 0.52

Postoperative hs-Troponin (ng L–1) 14.0 (9.2 to 21.0) 13.8 (9.0 to 21.0) 0.22 (–0.5 to 1.0) 0.52

Delta hs-Troponin (ng L–1) 3.0 (1.0 to 7.0) 2.9 (0.9 to 6.6) 0.28 (–0.1 to 0.64) 0.13

NT-proBNP

Preoperative NT-proBNP (pg mL–1) 142.0 (69.9 to 265.5) 138.0 (66.7 to 268.3) 1.6 (–8.0 to 11.2) 0.75

Postperative NT-proBNP (pg mL–1) 418.0 (203.3 to 831.6) 333.5 (170.6 to 707.5) 50.0 (21.0 to 80.0) < 0.001

Delta NT-proBNP (pg mL–1) 215.1 (55.75 to 558.0) 154.0 (36.0 to 422.1) 48.7 (23.0 to 75.9) < 0.001
hs-Troponin – high-sensitivity troponin, NT-proBNP – N-terminal pro-B-type natriuretic peptide

TABLE 4. Analysis of covariance (ANCOVA) – adjusted effects of ivabradine for log-peak postoperative NT-proBNP

Source df Mean square F-value P-value
Age 1 0.17 1.3 0.250

Ivabradine 1 7.07 10.1 0.002

Male sex 1 26.99 38.5 < 0.001

BMI 1 16.03 22.9 < 0.001

log-preoperative NT-proBNP 1 387.60 552.9 < 0.001

History of coronary artery disease 1 5.67 8.1 0.004

History of congestive heart failure 1 9.32 13.3 < 0.001

Interaction (ivabradine × log-preoperative NT-proBNP) 1 3.80 5.4 0.020

Residual 1,731 0.70 – –
F-values were calculated as the ratio of the mean square for each effect to the residual mean square. The ANCOVA model included treatment (ivabradine = 1; placebo = 0), five covariates, and a treatment × log 
(preoperative NT-proBNP) interaction term to account for effect modification and to satisfy the assumption of homogeneity of regression slopes. The residual represents unexplained variance after adjustment for all 
model predictors. Homogeneity of variances was confirmed using Levene’s test (P = 0.5). 
BMI – body mass index, df – degrees of freedom, NT-proBNP – N-terminal pro-B-type natriuretic peptide

Patients receiving ivabradine showed a greater 
postoperative increase in NT-proBNP levels com-
pared with placebo. This effect was consistent 
across both univariate and adjusted models that 
accounted for established determinants of NT-proB-
NP variability. This indicates that ivabradine use is  
an independent factor associated with increased 
perioperative NT-proBNP release (82% relative in-
crease in peak postoperative NT-proBNP). Additio
nally, sensitivity analyses showed that this effect 
was not due to differences in CAD between groups, 
as the increase in delta NT-proBNP remained signifi-
cant even after excluding patients with CAD.

Surgery represents an acute physiological 
stressor, triggering adaptive responses that main-
tain homeostasis, including heart rate – mediated 
augmentation of cardiac output when metabolic 
demand rises. Hypothetically, ivabradine’s negative 
chronotropic activity may limit the heart’s ability to 
increase output in response to such stress. One could 
therefore argue that ivabradine may impair normal 
perioperative cardiovascular adaptation, potentially 
resulting in insufficient heart rate responses to intra-
operative stressors such as hypotension. In the pre
sent study, patients allocated to ivabradine indeed 

exhibited higher rates of bradycardia requiring inter-
vention and a trend toward more episodes of hypo-
tension necessitating vasopressor support.

A blunted chronotropic response could also 
alter the duration of diastolic and systolic phases 
and disrupt ventricular filling dynamics, thereby 
imposing additional myocardial stress and pro-
moting NT-proBNP release. Similar observations 
were reported by Davis et al. [13], who examined  
short-term b-blocker effects on NT-proBNP levels 
in patients with stable heart failure. Nevertheless, 
these proposed mechanisms remain speculative.  
In fact, most studies conducted in nonoperative 
populations suggest the opposite effect, demon-
strating that ivabradine is associated with reduc-
tions in NT-proBNP levels [14–16]. It is therefore 
plausible that ivabradine administered in the 
perioperative setting does not confer the same 
biomarker-related benefits observed outside the 
surgical context.

This multicenter study benefits from a large 
and diverse surgical patient population and was 
conducted according to rigorous randomized con-
trolled trial methodology with high protocol adher-
ence. The main limitation is the incomplete avail-
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ability of perioperative NT-proBNP measurements; 
complete paired samples (pre- and postoperative) 
were obtained in 82.8% of enrolled patients.

CONCLUSIONS
In the per-protocol analysis of the PREVENT-

MINS trial, ivabradine did not reduce the incidence 
of MINS compared with placebo, consistent with the 
previously reported intention-to-treat results. Among 
patients assigned to ivabradine, greater postopera-
tive NT-proBNP release was observed, suggesting  
a potential effect of the study drug on cardiac stress 
markers despite its lack of impact on MINS incidence.
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