
Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and 

distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages  
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

Journal canadien de la santé et de la maladie rénale

https://doi.org/10.1177/20543581241276361

Canadian Journal of Kidney Health 
and Disease 
Volume 11: 1 –9
© The Author(s) 2024
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20543581241276361
journals.sagepub.com/home/cjk

Original Clinical Research Quantitative

1276361 CJKXXX10.1177/20543581241276361Canadian Journal of Kidney Health and DiseaseDahel et al
research-article20242024

Optimizing Subsequent CARdiovascular 
Medication Reintroduction in the 
Intensive Care Unit

Hadjer Dahel1 , Najla Tabbara2, Lisa Burry2, Gabrielle 
Hornstein3 , David Williamson1, and Han Ting Wang3

Abstract
Importance: Hospital admission for a critical illness episode creates communication breakpoints and can lead to medication 
discrepancies during hospital stays. Due to the patient’s underlying condition and the care setting, chronic medications such 
as cardiovascular medication are often held, discontinued, or changed to alternative administration routes. Unfortunately, 
data on the optimal timing of cardiovascular drug reinitiation among intensive care unit (ICU) survivors are lacking.
Objective: The primary objective of this study was to describe the prevalence of chronic cardiovascular medication taken 
before hospital admission and discontinued at ICU discharge and hospital discharge for critically ill patients. A secondary 
objective was to assess factors associated with medication discontinuation.
Design setting and participants: We conducted a multicentered retrospective cohort study at 2 tertiary academic 
hospitals in Canada. All adult patients taking cardiovascular medication before ICU admission and surviving to hospital 
discharge between April 1, 2016, and April 1, 2017, were eligible.
Main outcomes and measures: The main outcome of the study was the discontinuation of cardiovascular medication 
prescribed before ICU admission. The outcome was assessed through participants’ chart review.
Results: We included 352 patients with a median age of 71.0 years. A total of 155 patients (44.03%) had at least 1 
cardiovascular medication discontinued during their stay. Our adjusted model uncovered 3 factors associated with 
cardiovascular medication discontinuation: male sex (odds ratio [OR] = 0.564, 95% confidence interval [CI] = 0.346-0.919), 
number of cardiovascular medications taken preadmission (OR = 1.669, 95% CI = 1.003-2.777 for 2 medications and OR = 
3.170, 95% CI = 1.325-7.583), and the use of vasopressors (OR = 1.770, 95% CI = 1.045-2.997).
Conclusion: Our study uncovered that cardiovascular medication discontinuation for ICU patients is frequent, especially 
for renin-angiotensin system (RAS) blockers. Data from our study could be used to reinforce site-specific protocols of 
medication reconciliation and optimization, as well as inform future protocols aimed at RAS blocker reinitiation follow-up.

Abrege 
Importance de cette étude L’admission à l’hôpital pour un épisode de maladie grave crée des ruptures de communication 
et peut entraîner des écarts dans la médication pendant le séjour à l’hôpital. Il arrive souvent, selon l’état sous-jacent du 
patient et l’environnement de soins, que les médicaments destinés à traiter des maladies chroniques, comme les médicaments 
cardiovasculaires, soient poursuivis, cessés ou administrés par d’autres voies. On manque malheureusement de données sur 
le moment optimal pour la reprise du traitement cardiovasculaire chez les survivants des unités de soins intensifs (USI).
Objectifs: L’objectif principal était de décrire la prévalence de l’arrêt, à la sortie de l’USI et de l’hôpital, des médicaments pris 
par les patients gravement malades pour traiter les maladies cardiovasculaires chroniques avant leur admission. Un objectif 
secondaire était d’évaluer les facteurs associés à l’arrêt du traitement.
Conception, sujets et cadre de l’étude: Nous avons mené une étude de cohorte rétrospective multicentrique dans 
deux hôpitaux universitaires tertiaires canadiens. Étaient admissibles tous les patients adultes qui prenaient des médicaments 
cardiovasculaires avant leur admission à l’USI entre le 1er avril 2016 et le 1er avril 2017 et qui avaient survécu jusqu’à leur sortie 
de l’hôpital.
Mesures et principaux critères d’intérêt: Le principal critère d’intérêt était l’arrêt du traitement cardiovasculaire 
prescrit avant l’admission à l’USI. Ce critère a été établi par l’examen des dossiers des sujets.
Résultats: Nous avons inclus 352 patients (âge médian : 71,0 ans) desquels 155 (44 %) avaient vu au moins un de leurs 
médicaments pour traiter une maladie cardiovasculaire cessé pendant leur séjour. Notre modèle corrigé a révélé trois 
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facteurs associés à l’arrêt du traitement cardiovasculaire : être de sexe masculin (rapport de cotes [RC] : 0,564; IC95 % : 
0,346-0,919), le nombre de médicaments cardiovasculaires pris avant l’admission (RC : 1,669; IC95 % : 1,003-2,777 pour deux 
médicaments, et RC : 3,170; IC95 % : 1,325-7,583) et l’utilisation de vasopresseurs (RC : 1,770; IC95 % : 1,045-2,997).
Conclusion: Notre étude a révélé que l’arrêt du traitement contre les maladies cardiovasculaires chroniques, en particulier 
les inhibiteurs du SRA, est fréquent chez les patients hospitalisés aux soins intensifs. Les données de notre étude pourraient 
servir à renforcer les protocoles de bilan de médication et d’optimisation propre à chaque site de même que pour éclairer 
les futurs protocoles visant à assurer le suivi de la réinitiation des inhibiteurs du SRA.
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Key Points

Question: Determine the prevalence of chronic cardiovascu-
lar medication discontinuation for intensive care unit (ICU) 
patients and the factors causing it.

Findings: We uncovered that RAS blockers tend to be 
more discontinued than other cardiovascular medication 
classes. Moreover, this discontinuation was associated with 
the number of medications prescribed previous to hospital 
admission and the use of vasopressors.

Meanings: Data from this study data might be used in 
future interventional studies aiming at optimizing medica-
tion management and reconciliation for ICU patients.

Introduction

As the population ages and life expectancy increases, a sig-
nificant proportion of older adults (≥65 years old) live with 
multimorbidities.1,2 Consequently, the prevalence of poly-
pharmacy (≥5 chronic medications) is rising.3 In Canada, 
approximately two-thirds of community-dwelling elders use 
more than 5 chronic medications daily.4

Hospital admission for an acute illness episode creates 
communication breakpoints and can lead to medication dis-
crepancies during hospital stays.5 They occur most when 
patients transition from one healthcare setting to another.6,7 
Patients admitted to an intensive care unit (ICU) are at higher 
risk of medication discontinuation and discrepancies.8,9 Due 
to the patient’s underlying condition and the care setting, 
chronic medications such as cardiovascular medication are 
often held, discontinued, or changed. Even when the patient’s 
status improves, ongoing organ failures developed during 
ICU stay might preclude physicians from restarting discon-
tinued medications on ICU discharge. Past studies have 
shown that statins and antiplatelet medications were more 
often discontinued in patients transitioning through the ICU 
than in patients staying on the ward.8,9 Discontinuing chronic 
therapies, such as cardiovascular medications, can lead to 
decompensation requiring emergency department visits and 
even rehospitalization.10-12

Strong evidence exists about the adverse effects of dis-
continuation of cardiovascular drugs, especially renin-angio-
tensin system (RAS) blockers. In heart failure patients, it was 
associated with a 40% increase in the risk of 30-day readmis-
sions and a 35% increase in the risk of 1-year mortality.13 
These effects were observed within a few weeks after dis-
continuation.12 Considering that 34% of Canadian older 
adults take RAS blockers regularly14 and with more than 
230 000 ICU admissions yearly in Canada,15 a substantial 
number of patients are at risk of complications due to RAS 
blocker discontinuation. Patient renal function might be an 
important factor in determining RAS blocker reinitiation. In 
a recent retrospective study, cardiovascular medications rep-
resented 15% of all medication errors on ICU discharge, with 
the use of renal replacement therapy (RRT) being a signifi-
cant risk factor (adjusted odds ratio [OR] = 2.93, 95% con-
fidence interval [CI] =1.42-6.07).9 Unfortunately, data on the 
optimal timing of cardiovascular drug reinitiation among 
ICU survivors are lacking.

To understand the problem at hand, we need to better 
define the paths of cardiac chronic medications used for 
patients transitioning through the ICU, determine break-
points in care transition, and understand patient and  
hospital factors involved. Therefore, we undertook a ret-
rospective cohort study evaluating chronic medication 
transitions for critically ill patients. The primary objective 
of this study was to describe the prevalence of chronic 
cardiovascular medication taken on hospital admission 
and discontinued at hospital discharge, with secondary 
objectives aimed at assessing factors associated with 
discontinuation.
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Method

Study Population

This study, titled as Optimisation de la réintroduction de la 
médication cardiovasculaire aux soins intensifs (OSCAR-
ICU): une étude Retrospective, was approved by the comité 
d’éthique du CIUSS Est-de-l’Île de Montréal (CÉR-CEMTL), 
project number 2019-1812, on March 20, 2020. Informed 
consent was waived by the said committee, and we followed 
procedure according to the ethical standard. We conducted a 
retrospective cohort study at 2 tertiary academic hospitals in 
Canada: Maisonneuve-Rosemont Hospital (in Montreal, 
Quebec) and Mount Sinai Hospital (in Toronto, Ontario). All 
adult ICU patients taking cardiovascular medications before 
hospital admission between April 1, 2016, and April 1, 2017 
were eligible if they were discharged from both the ICU and 
the hospital. Only the first hospital visit containing an ICU 
admission was considered for patients with multiple hospi-
talizations during the study time frame. We excluded patients 
transferred from and to a long-term care facility, palliative 
care unit, or another hospital. For these patients, discontinu-
ation of cardiovascular medications might be warranted con-
sidering their health status.

Data Collection

Cardiovascular medication was defined as any of the fol-
lowing: angiotensin-converting enzyme inhibitors (ACEi), 
angiotensin receptor blockers (ARB), β-blockers (BB), 
and calcium channel blockers (CCB). Both ACEi and ARB 
were considered RAS blockers for the purpose of this 
study. We classified medications using the Anatomic 
Therapeutic Chemical (ATC) Classification System.16 We 
collected cardiovascular medication before hospital admis-
sion through chart review and a medication list provided 
by the patient’s local pharmacy or a medication history 
completed by a pharmacist. We extracted all in-hospital 
medication data through the electronic pharmacy record 
used for all in-hospital prescriptions. We retrieved cardio-
vascular medication at discharge from the pharmacy dis-
charge summary note or a discharge summary that included 
discharge medication reconciliations. We used pharmacy 
discharge summaries as clinical pharmacists are responsi-
ble for medication reconciliation. Medications prescribed 
on hospital discharge day were not counted as in-hospital 
reinitiation. These reinitiations are generally due to physi-
cians or pharmacists simply reconciling patients’ medica-
tion lists and were standardized in both participating 
hospitals. Medication discontinuation was defined as any 
chronic medication taken by the patient before hospital 
admission and not taken by the patient at ICU discharge 
and hospital discharge. A change for another medication in 
the same therapeutic class or a dosage change was not 
deemed a discontinuation.

We collected other data directly from hospital electronic 
medical records. The baseline information extracted included 
patient demographics, comorbidities and renal function, pri-
mary diagnosis, admission type (medical, elective surgery, 
emergency surgery), length of hospital and ICU stays, rele-
vant laboratory values, and clinical variables for the 
Sequential Organ Failure Assessment (SOFA) score in the 
first 48 hours of ICU admission. We also collected the use of 
vasopressor support, the presence and the severity of acute 
kidney injury (AKI) during ICU stay, RRT, and invasive 
mechanical ventilation. We also retrieved the following  
hospital-level variables from the medical record: type of 
ward transfer, hospital discharge location, and renal function 
at discharge.

Acute kidney injury was defined using the Kidney Disease 
Improving Global Outcome (KDIGO) definition published 
in 2012.17 For feasibility reasons, we only used serum creati-
nine (SCr) levels for staging AKI severity. Urine output is 
not collected for hospitalized patients unless prescribed; 
therefore, this variable was often absent and was only avail-
able for patients where AKI was suspected. Past studies have 
also shown a similar prevalence of AKI and predictive value 
for mortality using serum creatinine or urine output.18

Outcomes

Our primary outcome was the proportion of patients dis-
charged from the hospital with at least 1 cardiovascular 
medication discontinued. Our secondary outcome was to 
assess factors associated with cardiovascular medication 
discontinuation.

Statistical Analysis

We divided patients taking cardiovascular drugs before 
admission into 2 groups based on whether they had their 
medications reinitiated at hospital discharge. We also stud-
ied patients discharged with ACEi or ARB reinitiation com-
pared with no reinitiation. We used descriptive statistics  
to describe medication pathways during hospital stays. 
Continuous variables are presented as means with standard 
deviations (SD) or medians with interquartile range (IQR) 
for skewed distributions after assessing normal distribution 
using the Shapiro-Wilk test. Categorical variables were 
expressed as proportions. We compared continuous vari-
ables with the t test and Wilcoxon rank sum test, and cate-
gorical variables with the χ2 test.

We used multivariable logistic regression to examine the 
association between baseline characteristics and cardiovas-
cular medication discontinuation at discharge. Patients with-
out drug discontinuation were used as the reference. We 
chose a priori covariates if they were potentially associated 
with medication discrepancies, including the following: age, 
sex, comorbidities, number of cardiovascular medications at 
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home, hospital-level variables (length of stay, type of ward 
transfer, serum creatinine level at discharge), and critical ill-
ness severity (SOFA score, use of vasopressor or mechanical 
ventilation, AKI, RRT). As a subgroup analysis, we exam-
ined specifically factors associated with RAS blocker dis-
continuation such as sex, sCr levels, presence of AKI, and 
preexisting comorbidities. Statistical analyses were con-
ducted using SPSS version 25.

Results
We included 352 consecutive survivors (295 from Maison-
neuve-Rosemont Hospital and 58 from Mount Sinai)  
hospital. A total of 155 (43.9%) patients had at least 1 car-
diovascular medication discontinued. The median (IQR) age 
was 71.0 years (58.5-83.5) and 40.5% (N = 143) of our 
cohort were female. According to the hospital medical 
record, high blood pressure (87.7%, n = 308) and diabetes 
(34.6%, n = 122) were the most prevalent comorbidities. 
Among the 352 survivors, 69.6% (n = 245) were on ACEi 
or ARB, 48.6% (n = 171) were on BB, and 46.1% (n = 148) 
were on CCB before admission. Medical admissions repre-
sented 48.9% (N = 172) of our cohort, followed by elective 
surgery at 27.0% (N = 95) and emergency surgery at 23.9% 
(N = 84). During their ICU stay, 127 patients (36.0%) 
required vasopressors, 141 patients (39.0%) received inva-
sive mechanical ventilation, and 13 (3.70%) started RRT 
(Table 1).

Patients with cardiovascular medication discontinuation 
were more likely to be men (67.7% vs 53.0%, P = .005), had 
a higher baseline SCr level (85.0 vs 75.0 mmol/L, P < .001), 
and used more cardiovascular therapies, especially ACEi and 
ARB (21.00% vs 15.00% taking 3 cardiovascular medica-
tions) (all P < .001). Also, patients with cardiovascular med-
ication discontinuation were characterized by a greater need 
for vasopressors (44.5% vs 28.00%, P = .003) and RRT 
(7.700% vs 0.500%, P = .001) (see Table 1). These tenden-
cies were similar when looking at patients taking RAS block-
ers (see Table 3). Chronic cardiovascular medication 
reinitiation during hospitalization is shown in Table 2. RAS 
blockers were reinitiated for only 40.8% of the patients at 
ICU discharge, while CCB and BB were reinitiated for 
55.4% of patients and 63.2% of patients, respectively. On 
hospital discharge, RAS blockers were reinitiated in only 
51.4% of patients.

Our adjusted model uncovered 3 independent factors 
associated with cardiovascular medication discontinuation: 
male sex (OR = 0.564, 95% CI = 0.346-0.919), taking 
more than 1 cardiovascular medication on preadmission 
(OR = 1.67, 95% CI = 1.003-2.78 for 2 medications and 
OR = 3.17, 95% CI =1.33-7.58 for 3 medications), and the 
use of vasopressors (OR = 1.77, 95% CI = 1.05-3.00) (see 
Table 4). In addition, 3 variables were associated with RAS 
blockers’ discontinuation: AKI during ICU (OR = 3.82, 
95% CI = 1.99-7.32) and SCr levels at hospital discharge 

(OR = 1.007, 95% CI = 1.001-1.012). By contrast, suffer-
ing from heart failure as a comorbidity decreased by 61% 
this risk (OR = 0.39, 95% CI = 0.176-0.853) (see Table 5).

Discussion

We uncovered that a significant proportion of cardiovascular 
medications were discontinued at hospital discharge, espe-
cially RAS blockers (48.6%). Our data showed that 155 
(43.9%) patients had at least 1 cardiovascular medication 
discontinuation. These numbers are slightly higher than 
those from an Ontario study19 looking at medication discon-
tinuation from 5 drug classes (ie, gastric acid-suppressing 
drugs, statins, antiplatelet and anticoagulants, respiratory 
inhalers and levothyroxine) following ICU hospitalization; 
however, these medications often do not necessitate an 
adjustment for ongoing AKI or hypotension. Moreover, 
when looking specifically at RAS blockers, an Albertan ret-
rospective study found that nearly a quarter of non-ICU hos-
pitalized patients saw their RAS blockers discontinued 6 
months after hospital discharge.20 By contrast, our data found 
that 59.2% of ICU patients taking RAS blockers did not rein-
itiate their medication at ICU discharge, and 48.6% did not 
reinitiate them at hospital discharge. Our numbers are in line 
with recent work demonstrating that ICU patients tend to see 
more medication discontinuation than general hospital 
patients.8 Moreover, the Alberta study looked at discontinua-
tion 6 months after discharge, while our work focused on 
discontinuation at ICU and hospital discharges only. The 
absence of follow-up after hospital discharge explains our 
higher numbers, as some patients might have their medica-
tion reinitiated during a follow-up visit with their primary 
care physicians.

Our adjusted model found the number of medications prior 
to admission and the use of vasopressors significantly 
increased the odds of discontinuation of cardiovascular medi-
cations. These results are akin to those found in the literature. 
A systematic review aiming at identifying predictors of unin-
tentional medication discrepancies during preadmission 
showed that the number of medications, and the medication 
class were factors strongly affecting the risk of discontinua-
tion.21 Although we did not evaluate the appropriateness of 
the medication discontinuation, ICU and hospital discharge 
highlight important moments for medication reconciliation, 
taking into account patients’ baseline illness, their residual 
organic function, and their indications for potentially hazard-
ous medications such as antihypertensive agents. The use of 
medication reconciliation has already shown important reduc-
tions in medication errors, especially in patients transferring 
from an ICU to a medical ward or step-down unit.22 Our data, 
therefore, highlight the potential absence of return to baseline 
health before hospital discharge and propose the question of 
the appropriateness of medication discontinuation during 
medical visit time points, such as ICU or hospital admission.
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Table 1. Baseline Characteristics.

Characteristic
Full cohort  
(N = 353)

All cardiovascular drug 
represcribed at hospital 

discharge (n = 198)

One or more 
cardiovascular drug 

discontinued at hospital 
discharge (n = 155)

Age, years (IQR) 71 (12.5) 71.0 (13.4) 71.0 (11.4)
Female sex, no. (%) 143 (40.5) 93 (47.0) 50 (32.3)
Source of admission to hospital, no. (%)  
 Home 328 (92.9) 189 (95.5) 139 (89.7)
 Another hospital 24 (6.8) 8 (4.0) 16 (10.3)
Length of stay, days (IQR)  
 Hospital 13 (18.8) 11 (18) 17 (19)
 ICU 2 (5.6) 2 (6) 2.0 (4)
Preexisting medical comorbidities, no. (%)  
 HTN 308 (87.3) 170 (85.9) 138 (89.0)
 CAD 122 (34.6) 65 (32.8) 57 (36.8)
 Heart Failure 62 (17.6) 35 (17.7) 27 (17.4)
 Diabetes 167 (47.3) 86 (43.4) 81 (52.3)
 CKD 109 (30.9) 54 (27.3) 55 (35.5)
 Baseline creatinine levela (mmol/L), median (IQR) 80 (46.7) 75.0 (43.8) 85.0 (49.0)
Cardiovascular therapies before admission, no. (%)  
 ACE inhibitor/ARB 245 (69.4) 121 (61.1) 124 (80.0)
 β-blocker 171 (52.1) 98 (54.1) 73 (49.7)
 Calcium channel blocker 148 (46.1) 78 (45.4) 70 (47.0)
Number of cardiovascular therapies before admission, no. (%)  
 1 178 (50.4) 114 (57.6) 64 (41.3)
 2 139 (39.4) 69 (34.9) 70 (45.2)
 3 36 (10.2) 15 (7.6) 21 (13.6)
Cardiovascular therapies discontinued, median (IQR) 0 (0.7) n/a 1.0 (0.5)
Type of admission, no. (%)  
 Elective surgery 95 (27.0) 59 (30.0) 236 (23.4)
 Emergency surgery 84 (23.9) 41 (20.8) 43 (27.9)
 Medical 172 (48.9) 97 (49.2) 75 (48.7)
Medical or pharmacist consultant on surgical ward, no. (%)  
 Presence 126 (71.6) 75 (76.5) 51 (67.1)
 Absence 48 (27.3) 23 (23.5) 25 (38.9)
SOFA, median (IQR) 4 (3.30) 4 (3.10) 5 (3.70)
Vasopressors, no. (%) 127 (36.0) 57 (28.8) 69 (44.5)
Mechanical ventilation, no. (%) 141 (39.0) 71 (35.9) 70 (45.2)
Acute kidney injury, no.(%) 129 (36.5) 55 (29.0) 74 (48.1)
Renal replacement therapyb, no.(%) 13 (3.70) 1 (0.5) 12 (7.70)

Note. ACE = angiotensin converting enzyme; ARB = angiotensin receptor blockers; HTN = hypertension; CAD = coronary artery disease; CKD = 
chronic kidney disease; ICU = intensive care unit; IQR = interquartile range; SOFA = Sepsis-related Organ Failure Assessment.
aBaseline creatinine level: end-stage renal disease excluded.
bRenal replacement therapy: patients on chronic hemodialysis excluded.

Table 2. Medication Reinitiation During Hospitalization.

Cardiovascular therapies Preadmission medication Medication at ICU discharge Medication at hospital discharge

ACEi & ARB, no. (%) 245 (100) 100 (40.8) 126 (51.4)
BB, no. (%) 171 (100) 108 (63.2) 138 (80.7)
CCB, no. (%) 148 (100)  82 (55.4)  98 (66.2)

Note. ACEi = angiotensin-converting enzyme inhibitors; ARB = angiotensin receptor blockers; BB = β-blockers; CCB = calcium channel blockers; ICU 
= intensive care unit.
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Table 3. RAS Blockers Patients’ Characteristics.

Characteristic ACEi & ARB reinitiation (n = 137) ACEi & ARB not reinitiated (n = 108)

Age, median (IQR) 71 (12.2) 71 (11.3)
Female sex, no. (%) 63 (46.0) 32 (29.6)
Length of stay, days (IQR)  
 Hospital 9 (17.8) 18 (20.9)
 ICU 2 (7.00) 2 (4.80)
Preexisting comorbidities, no. (%)  
 HTN 127 (92.7) 98 (90.7)
 CAD 40 (29.2) 41 (37.8)
 Heart failure 28 (20.4) 18 (16.7)
 Diabetes 64 (46.7) 57 (52.8)
 CKD 34 (24.8) 39 (36.1)
Baseline creatinine levela (mmol/L). median (IQR) 74 (38.5) 85 (48.3)
SOFA, median (IQR) 4 (3.10) 5 (3.20)
Vasopressors, no. (%) 35 (25.5) 47 (43.5)
Mechanical ventilation, no. (%) 46 (33.6) 44 (40.7)
Acute kidney injurya, no. (%) 26 (19.0) 56 (51.9)
Stage of acute kidney injury in ICU, median (IQR) 1 (0.500) 1 (1.00)
Renal replacement therapyb, no. (%) 0 (0) 9 (8.30)
Discharge creatinine level (mmol/L)a, median (IQR) 68 (36.9) 97 (87.6)

Note. ACEi = angiotensin-converting enzyme inhibitors; ARB = angiotensin receptor blockers; HTN = hypertension; CAD = coronary artery disease; 
CKD = chronic kidney disease; ICU = intensive care unit; IQR = interquartile range.
aBaseline creatinine level: end-stage renal disease excluded.
bRenal replacement therapy: patients on chronic hemodialysis excluded.

Table 4. Factors Associated With Cardiovascular Medication Discontinuation.

Variable Unadjusted odds ratio (95% CI) Adjusted odds ratio (95% CI) P value

Age 1.011 (0.994-1.029) 1.005 (0.985-1.025) .649
Sex  
 Female Reference Reference Reference
 Male 1.86 (1.20-2.88) 0.564 (0.346-0.919) .021
Number of cardiovascular medications before 

admission
 

 1 Reference Reference Reference
 2 1.81 (1.15-2.84) 1.669 (1.003-2.78) .0490
 3 2.49 (1.20-5.17) 3.17 (1.33-7.58) .0100
Type of ward transfer  
 Surgical Reference Reference  
 Medical 1.013 (0.665-1.54) 0.898 (0.552-1.46) .664
Vasopressors 1.94 (1.25-3.008) 1.77 (1.05-3.00) .034
Mechanical ventilation 1.47 (0.959-2.26) 1.195 (0.726-1.96) .484
Acute kidney injury 2.38 (1.53-3.69) 1.525 (0.909-2.56) .095
Serum creatinine level at discharge (mmol/L) 1.005 (1.001-1.008) 1.002 (0.998-1.006) .373

Note. CI = confidence interval.

An important subset of the population for which cardio-
vascular medication discontinuation could be hazardous are 
patients with heart failure and/or chronic kidney disease 
(CKD). In both populations, the use of RAS blockers has 
been shown to be cardioprotective and nephroprotective on 
disease progression and even mortality.23-25 Our adjusted 

model found a significant association between AKI during 
ICU stay and RAS blocker discontinuation. Interestingly, 
these factors did not significantly affect other cardiovascular 
medication discontinuation, such as CCB and BB. This high-
lights the fact that despite being important in disease modifi-
cation processes, RAS blockers might require special 
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Table 5. Factors Associated With RAS Blockers Discontinuation.

Variable Unadjusted odds ratio (95% CI) Adjusted odds ratio (95% CI) P value

Age 1.013 (0.991-1.036) 1.002 (0.976-1.03) .884
Sex  
 Female Reference Reference Reference
 Male 2.002 (1.19-3.44) 1.73 (0.940-3.18) .212
Preexisting comorbidities  
 HTN 0.772 (0.309-1.927) 0.741 (0.262-2.092) .570
 CAD 1.484 (0.869-2.535) 1.442 (0.785-2.643) .240
 Heart failure 0.982 (0.565-1.71) 0.387 (0.176-0.853) .020
 Diabetes 1.275 (0.769-2.11) 1.004 (0.566-1.78) .990
 CKD 1.712 (0.986-2.97) 1.426 (0.764-2.66) .260
Vasopressors 2.25 (1.31-3.86) 1.778 (0.912-3.47) .124
Mechanical ventilation 1.36 (0.807-2.29) 0.992 (0.528-1.86) .588
Serum creatinine level at discharge (mmol/L) 1.005 (1.001-1.008) 1.007 (1.001-1.01) .024
Acute kidney injury 4.60 (2.60-8.13) 3.82 (1.99-7.32) <.001
No AKI Reference Reference Reference
AKI stage 1 2.885 (1.507-5.52) 2.631 (1.253-5.524) .011
AKI stage 2 2.423 (0.706-8.31) 2.153 (0.588-7.885) .247
AKI stage 3 40.385 (5.274-309.243) 29.915 (3.815-234.582) .001

Note. HTN = hypertension; CAD = coronary arterial disease; CKD = chronic kidney disease.

monitoring compared with other cardiovascular medications, 
with respect to their risk of AKI in acute settings.26 In addi-
tion, we found that patients with heart failure had a decreased 
risk of RAS blockers discontinuation. These findings align 
with our recent Delphi study27 where clinicians determined 
that AKI and its severity, and RAS blocker indication were 
important factors influencing their decision on RAS blocker 
reinitiation. The clinicians indicated that RAS blockers 
should be reinitiated early and at a lower glomerular filtra-
tion rate for heart failure patients compared with other 
patients. This decision might be explained by RAS blockers’ 
known benefits for patients with heart failure, namely, a 
decrease in mortality.25 Yet, in practice, clinicians will tend 
to reinitiate BBs and CCBs before RAS blockers as indicated 
by the Delphi panel due to their risk of worsening kidney 
function.27 Specifically concerning ICU hospitalization, the 
use of RAS blockers following AKI was associated with a 
decrease in progression toward CKD and a decrease in mor-
tality.20,24,28 The ASSESS-AKI trial determined the prognos-
tic importance of post-AKI proteinuria in the risk of 
progression toward CKD and the authors emphasize assess-
ing proteinuria during posthospitalization follow-up.29 They 
mention the incomplete perception of accurate kidney func-
tion post-AKI using sCr alone. They advance proteinuria as 
an adjunct tool to sCr values to guide clinicians and pharma-
cists in risk factor modification as well as medication optimi-
zation. Our study develops on this potential opportunity in 
identifying patients for whom prehospitalization cardiovas-
cular medications are not reinitiated at discharge, potentially 
depriving them of benefits on morbidity and mortality. Our 

study is the first Canadian study to examine cardiovascular 
medication discontinuation in the ICU population. It is 
among the few studies addressing cardiovascular medication 
throughout the full hospitalization stay, from ICU admission 
to hospital discharge, and examining intrahospital causes of 
discontinuation. It encompassed data on 2 university hospi-
tals from the 2 most populated Canadian provinces.

Limitations

Despite our efforts, this study has some limitations. First, 
we do not know whether medications were reinitiated after 
hospital discharge, which might decrease the number of 
discontinued medications and therefore might drift our 
ORs toward the null variable. However, in-hospital reini-
tiation is preferred to allow proper monitoring of sCr lev-
els and serum potassium levels. Moreover, we did not 
differentiate between intentional and nonintentional dis-
continuation, which can be impacted by the covariables we 
used, such as renal function, and the appropriateness of 
discontinuation or replacement of these medications. Yet, 
all our patients had chronic cardiovascular medication 
indication and none were dialysis-dependent upon dis-
charge. In addition, mineralocorticoid receptor antagonists 
were not evaluated in our study, but are medications cur-
rently used in heart failure populations. We did not look at 
other medications, such as benzodiazepines, which might 
affect the management of cardiovascular medications. 
Finally, we could only assess medication prescribing but 
not patient compliance.
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Conclusion

Our study uncovered that cardiovascular medication discon-
tinuation for ICU patients is frequent, especially for RAS 
blockers. Although acute hospitalization remains an important 
time point for medication reconciliation and reevaluation, it 
could be deleterious to specific patient populations to remain 
without cardiovascular therapies like RAS blockers. Data 
from our study could be used to reinforce site-specific proto-
cols of medication reconciliation and optimization, as well as 
inform future protocols aimed at RAS blocker reinitiation 
follow-up. In addition, our data could serve to design a quality 
improvement study on medication resumption out of ICU.
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