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Abstract 

Importance: 

 Before surgery, the best strategy for managing patients who are taking renin-angiotensin 

system inhibitors (RASIs) (angiotensin-converting enzyme inhibitors or angiotensin receptor 

blockers) is unknown. The lack of evidence leads to conflicting guidelines.  

Objective:  

To evaluate whether a continuation strategy vs a discontinuation strategy of RASIs before 

major noncardiac surgery results in decreased complications at 28 days after surgery.  

Design, setting, and participants:  

Randomized clinical trial that included patients who were being treated with a RASI for at 

least 3 months and were scheduled to undergo a major noncardiac surgery between January 

2018 and April 2023 at 40 hospitals in France.  

Intervention:  

Patients were randomized to continue use of RASIs (n = 1107) until the day of surgery or to 

discontinue use of RASIs 48 hours prior to surgery (ie, they would take the last dose 3 days 

before surgery) (n = 1115).  

Main outcomes and measures:  

The primary outcome was a composite of all-cause mortality and major postoperative 

complications within 28 days after surgery. The key secondary outcomes were episodes of 

hypotension during surgery, acute kidney injury, postoperative organ failure, and length of 

stay in the hospital and intensive care unit during the 28 days after surgery.  

Results:  

Of the 2222 patients (mean age, 67 years [SD, 10 years]; 65% were male), 46% were being 

treated with angiotensin-converting enzyme inhibitors at baseline and 54% were being treated 

with angiotensin receptor blockers. The rate of all-cause mortality and major postoperative 

complications was 22% (245 of 1115 patients) in the RASI discontinuation group and 22% 

(247 of 1107 patients) in the RASI continuation group (risk ratio, 1.02 [95% CI, 0.87-1.19]; P 

= .85). Episodes of hypotension during surgery occurred in 41% of the patients in the RASI 

discontinuation group and in 54% of the patients in the RASI continuation group (risk ratio, 

1.31 [95% CI, 1.19-1.44]). There were no other differences in the trial outcomes.  

Conclusions and relevance:  

Among patients who underwent major noncardiac surgery, a continuation strategy of RASIs 

before surgery was not associated with a higher rate of postoperative complications than a 

discontinuation strategy.  

Trial registration:  



ClinicalTrials.gov Identifier: NCT03374449.  

 

 

 

  

http://clinicaltrials.gov/show/NCT03374449


Introduction 

Many patients who undergo major surgery have a history of hypertension, diabetes, and heart 

failure, and are often being treated long-term with a renin-angiotensin system inhibitor (RASI; 

angiotensin-converting enzyme inhibitors [ACEIs] or angiotensin receptor blockers [ARBs]).
1
 

The best strategy for managing these medications before major surgery is unknown, and there 

is little evidence from randomized clinical trials to inform guidelines. The continuation of 

RASIs might lead to intraoperative hypotension, which has been associated with 

postoperative complications, including cardiovascular events and acute kidney injury.
2
 

However, the discontinuation of RASIs also might lead to complications, including 

postoperative hypertension, heart failure, and arrhythmia.
3
 

The 2014 guidelines from the European Society of Cardiology and the European Society of 

Anesthesiology
4
 stated that withholding RASI therapy preoperatively should be considered in 

patients with hypertension (weak recommendation). During the same year, the American 

College of Cardiology/American Heart Association
5
 issued guidelines that stated the 

perioperative continuation of RASIs is reasonable (weak recommendation). The most recent 

guidelines from the European Society of Cardiology
6
 in 2022 also underscored the lack of 

data, but noted withholding RASI therapy in patients with hypertension could be considered 

to prevent intraoperative hypotension, and continuing RASI therapy in patients with heart 

failure is acceptable. 

We conducted the Stop-or-Not trial to compare the effect of a strategy of preoperative 

discontinuation of RASI therapy vs a strategy of preoperative continuation of RASI therapy 

on all-cause mortality and postoperative complications after major noncardiac surgery. 

 

Methods 
 

Trial Design  

The Stop-or-Not study was an investigator-initiated, multicenter, open-label, randomized 

clinical trial conducted at 40 French hospitals. The steering committee members designed the 

trial, gathered and analyzed the data, prepared the manuscript, and, with their coauthors, 

decided to submit it for publication. The detailed trial protocol was published
7
 and appears in 

Supplement 1. 

The clinical events committee reviewed and validated all primary outcome events and was 

blinded to study group assignment (eList in Supplement 2). The trial protocol was approved 

by an institutional review board (Ile de France V No. 2017-002114-30). Patients were 

enrolled after providing written informed consent. 

 

 

Patient Selection and Randomization  

Patients aged 18 years or older were enrolled if they were scheduled for elective major 

noncardiac surgery and if they were being treated long-term with ACEIs or ARBs for at least 

3 months before surgery. Major surgery was defined as a procedure with an expected duration 
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of more than 2 hours from surgical incision to skin closure and an expected postoperative 

hospital stay of at least 3 days. After enrollment, patients were randomized at a 1:1 ratio to 

continue or discontinue RASI therapy (Figure 1), with stratification by hospital site and by 

heart failure status (New York Heart Association stage <II or ≥II). 

Figure 1.. Patient Selection, Randomization, and Flow Through the Trial  
a
Stratified by hospital site and history of chronic heart failure status (New York Heart 

Association stage <II or ≥II). 

 

The exclusion criteria were emergency surgery, hyperkalemia, terminal illness (ie, death 

deemed inevitable within 1 month), severe kidney insufficiency (estimated glomerular 

filtration rate <15 mL/min/1.73 m
2
 or requiring kidney replacement therapy), preoperative 

shock (determined by the need for vasoactive drugs before surgery), and lack of social 

insurance. 

 

 

Description of the Strategies  

In the continuation strategy group, RASI therapy was continued until the day of the surgery. 

In the discontinuation strategy group, RASI therapy was stopped 48 hours prior to surgery (ie, 

they would take the last dose 3 days before surgery). The 48-hour window was chosen to 

https://jamanetwork.com/journals/jama/fullarticle/2823118#joi240103f1


avoid residual RAS blockage after the treatments were administered while keeping the trial 

pragmatic. 

A prescription indicating the strategy (continue or discontinue use of RASI) was generated 

automatically, printed, and then handed and explained to the patient. Every patient received a 

phone call from a clinical research assistant 3 days before surgery to ensure a good 

understanding of the instructions and also received a leaflet to record daily intake of RASI 

pills.
7
 In each study group, patients were to resume RASI therapy as soon as possible after 

surgery when the oral route was deemed feasible, and in the absence of hypotension or 

worsening kidney function. 

 

 

Primary and Secondary Outcomes  

The primary outcome was a composite of all-cause mortality and major postoperative 

complications, which included (1) postoperative major cardiovascular events (acute 

myocardial infarction, arterial or venous thrombosis, stroke, acute pulmonary edema, 

cardiogenic shock, acute severe hypertension, de novo cardiac arrhythmia requiring 

therapeutic intervention), (2) sepsis or septic shock (defined according to the Sepsis-3 

definition
8
), (3) respiratory complications (determined by the need for reintubation or 

noninvasive ventilation for respiratory failure), (4) unplanned intensive care unit (ICU) 

admission or readmission, (5) acute kidney injury (based on the serum creatinine item of the 

Kidney Disease Improving Global Outcome criteria
9
), (6) hyperkalemia (serum potassium 

level >5.5 mmol/L requiring therapeutic intervention
10

), and (7) need for surgical 

reintervention within 28 days after surgery (eMethods in Supplement 2). 

The secondary outcomes were intraoperative hypotension (defined as a mean arterial pressure 

<60 mm Hg or required treatment with vasopressors), all-cause mortality, episodes of acute 

kidney injury, postoperative organ failure (assessed by the maximum Sequential Organ 

Failure Assessment score on day 7),
11

 and length of stay in the hospital and ICU during the 28 

days after surgery. 

Description of Parameters for Assessing Efficacy Outcomes  

Patients were followed up from hospital admission until postoperative day 28. Investigators 

and research staff members responsible for the primary outcome assessment were unaware of 

group assignments. A double-blinded trial was not feasible due to the large number of RASIs 

available on the market, making the generation of placebos infeasible. A clinical events 

committee (blinded to group assignment) reviewed all adverse events to determine if the study 

outcome had been reached (eList in Supplement 2). 

 

 

Statistical Analysis  

Based on an estimated incidence of 25% for the primary outcome,
8
 enrolling 2222 patients 

would allow 80% power to detect a relative decrease of 20% in complications in the RASI 

continuation group (corresponding to an absolute reduction of 5% for incidence of the 

primary outcome) using the χ
2
 test, and considering that the 2 interim analyses led to a final 
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test at a nominal α level of .0465 according to the O’Brien-Fleming method. The primary 

analysis was performed using the intention-to-treat principle, and comparing the composite 

outcome measures at 28 days by study group using the χ
2
 test. 

There was no plan to address multiplicity; therefore, hypothesis testing is limited to the 

primary outcome. The adjusted analysis was performed using a mixed-effects logistic 

regression analysis, adjusting for baseline variables (age, sex, diabetes status, heart failure 

status, baseline serum creatinine level, and baseline hemoglobin level), and using hospital site 

as a random effect. 

The sample size calculation was performed using the Pro tier of nQuery version 4 (Statistical 

Solutions Ltd). All statistical analyses were performed using R version 3.6.2 (R Foundation 

for Statistical Computing). P < .05 was considered statistically significant. More detailed 

information on the statistical analysis appears in the statistical analysis plan in Supplement 3 

and in the eMethods in Supplement 2. 

 

 

Results 
 

Patient Enrollment and Follow-Up  

 

From January 2018 to April 2023, 2690 patients were assessed for enrollment at 40 hospitals 

(Figure 1) and 2222 were randomly assigned to a RASI discontinuation strategy (1115 

patients) or a RASI continuation strategy (1107 patients). The baseline characteristics were 

comparable between the groups (Table 1). Of the 2222 patients (mean age, 67 years [SD, 10 

years]; 65% were male), 98% were being treated for hypertension, 9% had chronic kidney 

disease, 8% had diabetes, and 6% had heart failure. 
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Treatment Strategies  

Of the 2222 patients at baseline, 46% were being treated with ACEIs and 54% were being 

treated with ARBs. Adherence to the study instructions was excellent (96.3% of patients had 

complete adherence). Among the patients in the RASI continuation group, they stopped 

treatment at a median of 0 days (IQR, 0-0 days) before surgery compared with a median of 3 

days (IQR, 3-3 days) in the RASI discontinuation group. In the RASI discontinuation group, 6 

patients (1%) took their last dose 1 day before surgery and 53 patients (6%) took their last 

dose 2 days before surgery. In the RASI continuation group, 23 patients (2%) took their last 

dose 1 day before surgery and 2 patients (<1%) took their last dose 2 days before surgery 

(eFigure 1 in Supplement 2). 

Patients in both groups resumed treatment at a median of 1 day (IQR, 1-3 day) after surgery. 

The volume of fluids, dose of vasopressors, and the amount of blood products that were 

administered to patients in each group appear in eTable 1 in Supplement 2. Patients in both 

groups received the same amount of crystalloids or blood transfusions. However, patients in 

the RASI continuation group were more likely than those in the RASI discontinuation group 

to receive vasopressor support (P = .02). Patients in the RASI continuation group received 

higher doses of vasopressors (eTable 1 in Supplement 2). 

 

 

Primary Outcome  
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Among the patients who underwent randomization, complete 28-day outcome data were 

available for 2044 (92%). The median follow-up was 28 days (IQR, 28-31 days). The rate of 

all-cause mortality and major postoperative complications at 28 days was 22% (245 of 1115 

patients) in the RASI discontinuation group and 22% (247 of 1107 patients) in the RASI 

continuation group (risk ratio, 1.02 [95% CI, 0.87-1.19]; P = .85) (Table 2, Figure 2, and 

eFigure 1 and eTables 2-3 in Supplement 2). 

 

 

 

Figure 2.. Primary Outcome for All Patients and by Individual Patient Subgroups  
The primary outcome was a composite of all-cause mortality and major postoperative 

complications (including major cardiovascular events, sepsis or septic shock, respiratory 

complications, unplanned intensive care unit admission or readmission, acute kidney injury, 

hyperkalemia, and need for surgical reintervention) within 28 days after surgery. 
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After accounting for missing data using the multiple imputation procedure, the result was 

consistent for the primary outcome of all-cause mortality and major postoperative 

complications at 28 days (risk ratio, 1.01 [95% CI, 0.91-1.11]). The results remained 

unchanged after adjustment for the stratification factors used during randomization and the 

baseline characteristics (Table 2). The effect of the RASI discontinuation strategy vs the 

RASI continuation strategy on the risk of all-cause mortality and major postoperative 

complications was consistent across subgroups (Figure 2 and eTable 3 in Supplement 2). The 

variability in the primary outcome across hospital sites appears in eFigure 2 in Supplement 2. 

The survival analysis also was not significant (Figure 3). 

Figure 3.. Cumulative Incidence of the Primary Outcome by Treatment Group  
The primary outcome was a composite of all-cause mortality and major postoperative 

complications (including major cardiovascular events, sepsis or septic shock, respiratory 

complications, unplanned intensive care unit admission or readmission, acute kidney injury, 

hyperkalemia, or need for surgical reintervention) within 28 days after surgery. The hash 

marks indicate censoring. The median follow-up was 28 days (IQR, 28-31 days). 
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Secondary Outcomes  

Episodes of hypotension during surgery occurred in 417 patients (41%) in the RASI 

discontinuation group and in 544 patients (54%) in the RASI continuation group (risk ratio, 

1.31 [95% CI, 1.19-1.44]). The median duration of hypotension with a mean arterial pressure 

below 60 mm Hg was 6 minutes (IQR, 4-12 minutes) in the RASI discontinuation group and 

9 minutes (IQR, 5-16 minutes) in the RASI continuation group (Table 2 and eFigure 3 and 

eTable 1 in Supplement 2). The mean difference in duration of mean arterial pressure below 

60 mm Hg was 3.7 minutes (95% CI, 1.4-6.0 minutes). 

Acute kidney injury occurred in 121 patients (11%) in the RASI discontinuation group and in 

122 patients (11%) in the RASI continuation group. Kidney replacement therapy was 

administered to 4 patients in each group. 

In the RASI discontinuation group, 129 patients (13%) were admitted to the ICU compared 

with 110 patients (11%) in the RASI continuation group. The length of stay in the ICU or the 

hospital did not differ between the groups. There were no significant between-group 

differences in the trial outcomes (Figure 2). 

 

 

Per-Protocol and As-Treated Analyses  

 

The results for all-cause mortality and major postoperative complications were mostly the 

same in the per-protocol analysis (risk ratio, 1.01 [95% CI, 0.86-1.18]) and in the as-treated 

analysis (risk ratio, 1.00 [95% CI, 0.85-1.17]). 

 

 

https://jamanetwork.com/journals/jama/fullarticle/2823118#joi240103t2
https://jamanetwork.com/journals/jama/fullarticle/2823118#note-JOI240103-1
https://jamanetwork.com/journals/jama/fullarticle/2823118#joi240103f2


Sensitivity Analysis  

 

According to the sensitivity analysis, 27% of the patients in the RASI discontinuation group 

with an actual surgery duration of longer than 2 hours had a complication within 28 days vs 

28% in the RASI continuation group. The risk of developing a postoperative complication 

was not affected by the type of RASI (ACEIs or ARBs) or the type of preoperative epidural 

analgesia (eTable 4 in Supplement 2). The data from an exploratory subgroup analysis for the 

primary outcome appear in eTable 5 in Supplement 2. 

 

 

Discussion 

 

The strategy of RASI management before major surgery has long been a matter of debate, and 

the lack of large, randomized clinical trials has prevented the establishment of 

recommendations with high-quality evidence. Patients randomized to the preoperative RASI 

continuation strategy had a similar rate of all-cause mortality and major postoperative 

complications compared with patients randomized to the RASI discontinuation strategy. 

Patients randomized to the preoperative RASI continuation strategy had more episodes of 

intraoperative hypotension and these episodes lasted for a longer duration. 

One of the main reasons for withholding RASIs before surgery is the possible increased risk 

of intraoperative hypotension, which has previously been associated with postoperative 

complications.
12

 Patients randomized to the RASI continuation strategy in the current study 

had a higher rate of hypotension. A systematic review
1
 of 5 randomized clinical trials and 4 

cohort studies found that withholding RASIs before surgery was associated with fewer cases 

of intraoperative hypotension (odds ratio, 0.63 [95% CI, 0.47-0.85]). In a prospective 

observational cohort,
2
 withholding RASIs 24 hours before surgery was associated with a 

lower risk of intraoperative hypotension (adjusted risk ratio, 0.80 [95% CI, 0.72-0.93]; 

P = .001) and fewer complications (composite outcome of all-cause mortality, stroke, and 

myocardial infarction; adjusted relative risk, 0.82 [95% CI, 0.70-0.96]; P = .01), but the 

association might have been affected by unmeasured confounders. 

In a single-center trial
13

 of 275 individuals, there were fewer cases of intraoperative 

hypotension in those randomized to omission of the final preoperative RASI dose vs 

continuation of RASI therapy (55% vs 69%, respectively; intraoperative hypotension was 

defined as systolic blood pressure <80 mm Hg), but more individuals in the omission group 

had postoperative hypertension. However, in a study conducted in the UK,
14

 the rates of 

hypotension were similar in those who were randomized to continue RASI therapy before 

surgery (n = 132) vs those randomized to stop RASI therapy (n = 130). Likewise, in a pilot 

randomized clinical trial (n = 121),
15

 the discontinuation of RASIs 2 days before nonemergent 

cardiac surgery vs continuation of RASIs did not appear to have an effect on postoperative 

intravenous vasopressor use (78.3% in the continuation group vs 75.4% in the discontinuation 

group, P = .70) or on the rates of vasoplegic shock (31.7% vs 27.9%, respectively, P = .65). 
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In the current trial, the higher incidence of intraoperative hypotension in the RASI 

continuation group did not translate into a higher risk of all-cause mortality and major 

postoperative complications. The reasons were likely the rapid correction of intraoperative 

hypertension and the overall short duration of low blood pressure. Increased awareness of the 

risk of prolonged hypotension has led to more liberal use of intraoperative vasopressors in 

recent years.
16

 The rapid correction of intraoperative hypotension in the current trial likely led 

to a limited between-group difference in the duration of intraoperative hypotension. Whether 

the difference would remain small in more resource-constrained settings is uncertain. 

Furthermore, previous observational studies exploring the association between hypotension 

and outcomes were prone to risk of residual bias.
17

 

Randomized clinical trials have found inconsistent results on the effect of preventing 

intraoperative hypotension on postoperative outcomes.
17

 In a trial by Wu et al
18

 and in the 

INPRESS trial,
19

 patients randomized to a hypotension preventive strategy had a lower 

incidence of postoperative complications. In a larger trial by Wanner et al,
20

 a hypotension 

prevention strategy was not associated with fewer postoperative complications. The POISE-3 

trial
21

 randomized 7490 patients into a hypotension avoidance strategy vs a hypertension 

avoidance strategy and RASIs were withheld 2 days before surgery in the hypotension 

avoidance strategy group (71.7% of the patients enrolled were receiving RASI therapy). The 

rates for the primary outcome (a composite outcome of vascular death and nonfatal 

myocardial injury, stroke, and cardiac arrest) were not different between the groups.
21

 

However, the current trial differed from the POISE-3 trial
21

 because the RASI management 

strategy was part of a bundle for hypotension avoidance in the POISE-3 trial. Furthermore, 

adherence to strategy instructions was suboptimal in the POISE-3 trial
21

 (5.3% of patients 

took a RASI on the day of surgery in the hypotension avoidance group vs 38.3% of patients in 

the hypertension avoidance group). 

The results of the current trial could have an effect on future guidelines. The absence of 

difference in postoperative outcomes makes both strategies (continuation and discontinuation) 

acceptable and safe. A RASI discontinuation strategy may be considered if a particular 

concern for profound hypotension exists in light of a potentially increased risk of 

intraoperative hypotension (although without a clinically meaningful longer duration of 

hypotension). 

 

 

Limitations  

 

This trial has limitations. First, the patients were not blinded to the RASI strategies 

(continuation vs discontinuation) because it would have been impractical. Second, the 

anesthesiologists also were aware of the RASI strategies. 

Third, the trial had a pragmatic nature and included a range of surgeries, aiming for 

generalizability, but may have been underpowered to detect differences in some rarer primary 

outcome components. Fourth, there were only a limited number of patients with chronic heart 

failure, which limits the application of the conclusions from this study for that specific group. 

Fifth, the trial was performed in a single country (France), so the results might not be 

generalizable to other health care settings. 
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Conclusions 

 

Among patients who underwent major noncardiac surgery, a continuation strategy of RASIs 

before surgery was not associated with a higher rate of postoperative complications than a 

discontinuation strategy. 
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