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BACKGROUND: Multimodal analgesia, the use of more than 1 pharmacologic agent targeting 
different receptors, is a cornerstone of enhanced recovery after cardiac surgery (ERACS), but 
there are limited studies to support its efficacy. We aimed to explore associations between 
multimodal analgesia and enhanced recovery outcomes after cardiac surgery.
METHODS: We performed a retrospective cohort study using data from the Society of Thoracic 
Surgeons database from 2020 to 2023. Adults undergoing elective coronary artery bypass 
grafting (CABG), valve, or combined CABG-valve surgery were included. Our primary hypothesis 
was that multimodal analgesia would be associated with a lower maximum postoperative pain 
score on postoperative day 3 (POD3). Secondarily, we hypothesized that multimodal analge-
sia would be associated with reduced mechanical ventilation hours, intensive care unit stay, 
delirium, pneumonia, and reintubation. Linear mixed-effects regression models and generalized 
linear mixed-effects regression models were used to examine the extent the use of multimodal 
analgesia was associated with study outcomes after controlling for confounders.
RESULTS: Over the 4-year study period, there were 17,371 eligible cardiac surgical cases and 
15,515 patients (89.3%) received multimodal analgesia. There was no association between 
multimodal analgesia use and maximum postoperative pain score on POD3 (b = −0.07, 95% 
confidence interval [CI], −0.32 to 0.18, P = .57), after adjusting for confounders. There was an 
association between multimodal analgesia use and initial mechanical ventilation hours (b = 0.45 
hours, 95% CI, 0.04–0.86, P = .03). Compared to patients who received multimodal analgesia, 
those who did not receive multimodal analgesia had approximately 30 minutes longer of initial 
mechanical ventilation time on average. Initial mechanical ventilation time decreased as the 
number of multimodal analgesic increased (b= −0.33 hours, 95% CI, −76 to −0.10, P = .14) for 
1 multimodal analgesic; Est = −1.98 hours, 95% CI, −3.79 to −0.18, P = .03 for 5 multimodal 
analgesics). Acetaminophen use was associated with a reduced likelihood of delirium (odds ratio 
[OR] = 0.75, 95% CI, 0.57–0.94, P = .02), while use of a regional nerve block was associated 
with increased likelihood of unplanned reintubation (OR = 1.59, 95% CI, 1.12–2.27, P = .01).
CONCLUSIONS: In this retrospective study, multimodal analgesia was not associated with the 
primary outcome of reduction in maximum pain score but was associated with more rapid extu-
bation. Larger prospective observational and randomized controlled trials of individual analgesic 
drugs are needed to optimize ERACS protocols.  (Anesth Analg 2026;142:220–230)

KEY POINTS
•	 Question: Does multi-modal analgesia enhance recovery after elective cardiac surgery by 

reducing pain and facilitating timely extubation and intensive care unit discharge?
•	 Findings: In a cohort of elective cardiac surgical patients, use of multimodal analgesia was 

not associated with a lower maximum postoperative pain score 3 days after cardiac surgery 
but was associated with fewer initial mechanical ventilation hours after surgery.

•	 Meaning: Multimodal analgesia may be associated with earlier extubation after cardiac 
surgery; however, more data are needed in regards to its impact on postoperative pain and 
which analgesics are most likely to be beneficial with the fewest side-effects.
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In recent years, there has been increased popu-
larity and adoption of Enhanced Recovery After 
Surgery (ERAS) protocols worldwide in nearly 

all surgery types including Enhanced Recovery 
after Cardiac Surgery (ERACS).1–3 ERAS proto-
cols include a multifaceted, protocolized approach 
to lessen surgical insult, promote recovery, and 
improve postoperative clinical outcomes. ERAS 
protocols are associated with reduced length of 
stay and fewer complications.4 A core tenet of ERAS 
protocols is the use of multimodal analgesia, even 
though the evidence to support its use is somewhat 
limited.5 Despite limited evidence, the use of multi-
modal analgesia has been selected by the Centers for 
Medicare and Medicaid Services (CMS) as a Merit-
Based Incentive Payment System (MIPS) quality 
measure (Quality ID #477).6

A primary aim of multimodal analgesia is to 
reduce postoperative pain and opioid usage dur-
ing the perioperative period. Multimodal analgesia 
may also reduce opioid-related risks, including per-
sistent opioid use, which occurs in approximately 
10% to 15% of patients after cardiac surgery.7–9 Other 
potential benefits of multimodal analgesia dur-
ing the perioperative period include facilitation of 
enhanced surgical recovery by reducing mechani-
cal ventilation hours and intensive care unit (ICU) 
length of stay, delirium, and facilitating earlier hos-
pital discharge.4,10

Several consensus guidelines have been published 
outlining important principles of ERACS for cardiac 
surgical patients during the preoperative, intraop-
erative, and postoperative periods with recommen-
dations for the use of multimodal, opioid-sparing 
analgesia.2,11 Recently, the ERAS Cardiac Society, ERAS 
International Society, and The Society of Thoracic 
Surgeons (STS) released a joint consensus statement 
of best practices for the management of the adult 
patient undergoing cardiac surgery.12 They reported 
with a moderate level of evidence that a “multimodal 
approach reduces reliance on opioid-based analgesia 
and optimizes perioperative pain management.”12 
Unfortunately, these consensus guidelines offer lim-
ited guidance on which specific agents are most effec-
tive in terms of enhancing recovery.

Unlike other components of ERACS protocols, few 
studies have explored whether multimodal analgesia 
reduces pain or improves recovery in cardiac surgi-
cal patients. Several studies in noncardiac surgical 
patients have failed to demonstrate a benefit with 
multimodal analgesia.10,13 Likewise, the use of multi-
modal analgesic agents is not without potential side 
effects.14 For these reasons, it is important to explore 
whether the use of multimodal analgesia is associ-
ated with improvements in clinically meaningful, 
patient-centered outcomes. The aim of our study was 

to explore whether multimodal analgesia was associ-
ated with reduced pain and enhanced recovery after 
elective cardiac surgery in a large national cohort of 
cardiac surgical patients. Our primary study hypothe-
sis was that the use of multimodal analgesia would be 
associated with lower maximum postoperative pain 
scores after cardiac surgery. Secondarily, we hypoth-
esized that multimodal analgesia would be associated 
with fewer mechanical ventilation hours, reduced 
ICU length of stay, and less delirium, pneumonia, and 
reintubation.

METHODS
Patients and Data
The University of Virginia School of Medicine 
Institutional Review Board exempted the study and 
waived the requirement for written informed con-
sent. A multicenter retrospective cohort study was 
conducted utilizing the national STS Adult Cardiac 
Surgery Database version 4.20.2. Patients were 
included in the study if they were at least 18 years 
of age at the time of surgery, had surgery between 
2020 and 2023 and underwent one of the following 
elective procedures at an STS site: Isolated coronary 
artery bypass grafting (CABG) surgery, Isolated valve 
repair/replacement, combined CABG + valve repair/
replacement.

Exclusion criteria were age less than 18 years or 
older than 90 years, emergency surgery, American 
Society of Anesthesiologists (ASA) physical status 
classification 5 or 6, postcardiopulmonary bypass 
(CPB) support with a ventricular assist device or 
extracorporeal membrane oxygenation, occurrence of 
operative mortality or missing data on operative mor-
tality, and mechanical ventilation time greater than 72 
hours.

For all patients, we collected demographics, comor-
bidities, STS calculated risk scores for postoperative 
complications, preoperative medications, laboratory 
values, intraoperative data, and postoperative out-
comes. Definitions for all variables were based on STS 
database version 4.20.2 definitions (https://www.sts.
org/sts-national-database).

Exposure of Interest
The anesthesiology module of the STS database (start-
ing version 4.20.2) collects information on multimodal 
analgesia, which is defined in the database as receipt 
of at least 1 nonopioid analgesic medication from 2 
hours before operating room exit up to 24 hours after 
surgery. Information on specific drugs is also col-
lected and includes ketamine, dexmedetomidine, 
local anesthetic injection/regional anesthesia, intra-
venous lidocaine, acetaminophen, and nonsteroidal 
anti-inflammatory drugs (NSAIDs). NSAIDs included 
ketorolac, ibuprofen, naproxen, and celecoxib.

https://www.sts.org/sts-national-database
https://www.sts.org/sts-national-database
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Study Outcomes
The study’s primary outcome was the highest 
numeric postoperative pain score on postoperative 
day (POD) 3 after surgery. This is the only postopera-
tive pain score data that is collected in the STS data-
base anesthesiology module. Maximum pain score on 
POD3 was selected as our primary outcome because 
it is patient-centered and improved pain control is 
one of the primary objectives of multimodal analge-
sia. Although maximum pain score on POD3 occurs 
after the acute effects of early multimodal analgesia, 
it allows for exploring differences in pain score tra-
jectory after cardiac surgery and prior studies have 
suggested that early multimodal analgesia can alter 
pain score trajectory.(PMIDs 35155466, 26730224) 
Secondary outcomes were initial mechanical venti-
lation hours after surgery, initial intensive care unit 
hours after surgery, postoperative delirium, postop-
erative pneumonia, and unplanned postoperative 
reintubation.

Statistical Analysis
The study was conducted in accordance with all appli-
cable Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines. 
Descriptive statistics were presented as means, stan-
dard deviations, medians, interquartile ranges (IQR) 
for continuous variables where appropriate, and fre-
quencies and proportions for categorical variables.

We used 3 sets of linear mixed-effects regression 
models to examine the extent to which the use of 
multimodal analgesia was associated with maximum 
postoperative pain score on POD3. In Model 1, use of 
multimodal analgesia (yes versus no) was included 
as a fixed effect. Use of any multimodal analgesia 
was modeled as the reference group, given the larger 
proportion of patients who received multimodal anal-
gesia. In Model 2, the total number of nonopioid anal-
gesics (reference: zero) was included as a fixed effect. 
This variable was modeled as a categorical variable 
with the intention of detecting a potential nonlinear 
association between the count of nonopioid analgesics 
used and the maximum pain score. A single case in 
which 6 nonopioid analgesics were administered was 
excluded from Model 2 to prevent extreme estimated 
coefficients. In Model 3, each of the 6 nonopioid anal-
gesics (ketamine, dexmedetomidine, regional nerve 
block, acetaminophen, lidocaine, NSAIDs; reference: 
no) were included as individual fixed effects.

Similar sets of linear mixed-effects regression mod-
els were specified to evaluate the extent to which the 
use of multimodal analgesia was associated with 
initial mechanical ventilation hours (capped at 48 
hours) after surgery and initial ICU hours after sur-
gery. Although the distribution of initial mechanical 
ventilation hours after surgery was right-skewed, the 

distribution of residuals did not violate the assump-
tions of heteroscedasticity; therefore, the original 
raw values of mechanical ventilation hours were 
used in the models. However, initial ICU time was 
log-transformed.

In all models, both site ID and surgeon ID were 
included as random intercepts, with surgeons nested 
within sites, to account for within-site and within-
surgeon correlations. In the postoperative day 3 pain 
score models, patient’s pain score at baseline, age, 
gender, race/ethnicity, body mass index (BMI), his-
tory of diabetes, drug use, active smoking, cancer, 
and intraoperative dosage of medication (fentanyl, 
sufentanil, and midazolam) were included as control 
variables. In the initial mechanical ventilation time 
and initial ICU hour models, patients’ age, gender, 
race/ethnicity, BMI, history of diabetes, hyperten-
sion, chronic lung disease, dialysis, active smoking, 
left ventricular ejection fraction (LVEF), CPB time in 
hours, intraoperative dosages of medications, and 
total crystalloid volume (liters) were included as 
control variables. Control variables were selected a 
priori based on which variables were most likely to 
be confounders (association with exposure and out-
come). Marginal effect estimates, representing aver-
age effects across the population, were calculated for 
the various models and displayed on forest plots to 
summarize results.

To examine the extent to which the use of multi-
modal analgesia was associated with postoperative 
delirium, postoperative pneumonia, and unplanned 
postoperative reintubation, generalized linear mixed-
effects regression models with a binomial link were 
used. The 3 sets of generalized linear mixed-effects 
regression models were similarly parameterized as 
described above, except that patients with 4 or more 
nonopioid-analgesics used were combined into 1 cat-
egory in Model 2. As the proportion of negative post-
operative outcomes were low, we only controlled for 
predicted morbidity/mortality to allow models to 
converge and reduce unstable estimates. Predicted 
morbidity/mortality was rescaled into 0 to 100 to 
allow variables to be on similar scales.

RESULTS
There were 17,809 elective adult cardiac surgical cases 
from 51 sites between 2020 and 2023 that underwent 
CABG, valve, or combined CABG-valve surgery. Of 
these, 193 cases had initial mechanical ventilation 
time ≥72 hours, and 298 cases had operative mortality 
coded as “1” (mortality) or “99” (missing). Both sets 
were excluded from the analysis. The final analyzed 
cohort consisted of 17,371 elective cardiac surgical 
cases of whom 15,515 (89.3%) received multimodal 
analgesia. Descriptive statistics for the analytic cohort 
are presented in Table 1.
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Association Between the Use of Multimodal 
Analgesia and Maximum Postoperative Pain 
Score on Postoperative Day 3
The adjusted associations between multimodal anal-
gesia use and maximum postoperative pain score on 
POD3 are shown in Table 2. Model 1 showed no asso-
ciation between multimodal analgesia use and maxi-
mum postoperative pain score on POD3 (b= −0.07, 
95% confidence interval [CI], −0.32 to 0.18, P = .57), 
after adjusting for confounding variables. Similarly, 
Model 2 showed no association between the num-
ber of multimodal analgesics used and maximum 
postoperative pain score on POD3. When individual  
nonopioid-analgesics were included in Model 3, 
there was an association between NSAID use and 
maximum postoperative pain score on POD3 (b= 

0.36, 95% CI, 0.10–0.63, P = .007). Patients who 
received NSAIDs reported a slightly higher maxi-
mum pain score on POD3, as compared to those who 
did not receive any NSAIDs, after controlling for 
the use of other nonopioid-analgesics, baseline pain 
score, and other confounding variables. There was no 
association between the other 5 nonopioid analgesics 
and maximum postoperative pain score on POD3. 
Figure 1 shows marginal estimates for predicted 
maximum pain score on POD3 from Model 3 with 
variables that had a significant association shown 
in the figure. Importantly, the association persisted 
when excluding dexmedetomidine (Supplemental 
Digital Content 1, Supplemental Table 1, https://
links.lww.com/AA/F352) as well as intraoperative 
opioids and benzodiazepines (Supplemental Digital 

Table 1.  Demographic and Clinical Characteristics of Patients in Cohort
Variable Value Multimodal analgesia: Yes Multimodal analgesia: No

n % n %

Gender Male 11,297 72.8 1246 67.2
Female 4218 27.2 607 32.8

Age (y) <45 603 3.9 82 4.4
45–54 1567 10.1 177 9.6
55–64 4352 28.0 509 27.5
65–74 6159 39.7 711 38.4
≥75 2837 18.3 374 20.2

Race/ethnicity Non-Hispanic white 11,476 77.4 1405 78
Non-Hispanic black 789 5.3 185 10.3
Non-Hispanic other 1425 9.6 92 5.1
Hispanic 1148 7.7 120 6.6

Body mass index Underweight/healthy weight 3534 22.8 376 20.3
Overweight 5622 36.2 682 36.9
Obesity 6351 41 791 42.8

Drug use within 1 y 275 1.8 29 1.6
Cancer within 5 y 874 5.6 76 4.1
Diabetes 6149 39.6 786 42.4
Hypertension 13,094 84.4 1653 89.2
Dialysis 448 2.9 59 3.2
Active smoking 2052 13.2 312 16.8
Nonopioid analgesic used Dexmedetomidine 11,759 75.8 - -

Ketamine 4387 28.3 - -
Lidocaine 1370 8.8 - -
Regional nerve block 2010 13 - -
NSAIDs 1805 11.6 - -
Acetaminophen 11,789 76 - -

Number of multimodal analgesics used 1 4277 27.6
2 5982 38.6 - -
3 4085 26.4 - -
4 1097 7.1 - -
5 46 .3 - -
6 1 0 - -

Mean SD Mean SD
Baseline numeric pain score 2.3 4.3 2.0 4.1
CPB time (h) 119.0 50.8 119.4 53.5
LVEF (%) 56.1 10.5 53.5 11.3
Maximum numeric pain score POD 3 5.1 3.2 6.2 3.5
Initial mechanical ventilation hours 6.3 6.6 7.8 8.4
Initial ICU hours 62.5 61.2 75.3 82.5

n % n %
Postoperative delirium 509 3.3 55 3.0
Postoperative pneumonia 192 1.2 23 1.2
Unplanned reintubation 104 0.7 4 0.2

Abbreviations: CPB, cardiopulmonary bypass time; ICU, intensive care unit; LVEF, left ventricular ejection fraction; NSAIDs, nonsteroidal anti-inflammatory drugs; 
POD, postoperative day; SD, standard deviation.

https://links.lww.com/AA/F352
https://links.lww.com/AA/F352


Copyright © 2025 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
224     www.anesthesia-analgesia.org� ANESTHESIA & ANALGESIA

Multimodal Analgesia Cardiac Surgery

Content 2, Supplemental Table 2, https://links.lww.
com/AA/F353).

Consistent across the 3 models, there was an asso-
ciation between baseline pain score and maximum 
postoperative pain score on POD3 (b= 0.23, 95% CI, 
0.19–0.27, P < .001 for all models). Patients with higher 
pain scores at baseline were more likely to report 
higher maximum postoperative pain scores. Patients 
who were older, female, obese, had a history of drug 
use within 1 year, and history of active smoking were 
also more likely to report higher maximum postop-
erative pain scores than their counterparts. The use 
of intraoperative fentanyl was also associated with 
increased maximum postoperative pain score, though 
the effect was very small.

Association Between the Use of Multimodal 
Analgesia and Initial Mechanical Ventilation 
Hours After Surgery
As shown in Table 3, there was an association 
between multimodal analgesia and initial mechani-
cal ventilation hours (Model 1: b= 0.45 hours, 95% 
CI, 0.04–0.86, P = .001). Compared to patients who 

received multimodal analgesia, those who did not 
receive any multimodal analgesia were likely to have 
~30 minutes longer of initial mechanical ventilation 
time. Results were consistent when the number of 
multimodal analgesics was included in Model 2. The 
initial mechanical ventilation time decreased as the 
number of multimodal analgesic increased (b= −0.33 
hours, 95% CI, −76 to −0.10, P = .14 for 1 multimodal 
analgesic; b= −1.98 hours, 95% CI, −3.79 to −0.18, 
p=.03 for 5 multimodal analgesics). When individual  
nonopioid-analgesics were included in Model 3, 
the use of dexmedetomidine was associated with 
increased initial mechanical ventilation time (b= 0.57 
hours, 95% CI, 0.29–0.85, P < .001), whereas the use 
of acetaminophen (b= −0.93 hours, 95% CI, −1.20 to 
−0.65, P < .001) or NSAIDS (b= −1.44 hours, 95% CI, 
−1.91 to −0.97, P < .001) was associated with decreased 
initial mechanical ventilation time. Figure 2 shows 
marginal estimates for predicted initial mechanical 
ventilation hours from Model 3 with variables that 
had a significant association shown in the figure.

Consistent across the 3 models, patients who 
were older, nonwhite, female, obese, had a history of 

Table 2.  Linear Mixed-Effects Regression Models Estimating the Association Between Multimodal 
Analgesia and Maximum Postoperative Pain Score on Postoperative Day 3
Variable Value Model 1 Model 2 Model 3

Est 95% CI Est 95% CI Est 95% CI

Multimodal analgesia No –.07 –.32 to –.18 - - - -
Number of multimodal 

analgesics used
1 - - .05 –.21 to –.30 - -
2 - - .03 –.23 to –.30 - -
3 - - .23 –.05 to –.52 - -
4 - - .32 –.01 to –.66 - -
5 - - .64 –.34 to 1.62 - -

Ketamine Yes - - - - .10 –.04 to –.24
Dexmedetomidine Yes - - - - .14 –.02 to –.30
Regional nerve block Yes - - - - .10 –.10 to –.30
Acetaminophen Yes - - - - –.07 –.23 to –.09
Lidocaine Yes - - - - .11 –.14 to –.37
NSAIDs Yes - - - - .36 .10 to –.63**
Numeric pain score Baseline .23 .19 to –.27*** .23 .19 to –.27*** .23 .19 to –.27***
Age (y) 45–54 –.31 –.61 to −.02* –.31 –.61 to −.02* –.31 –.61 to −.02*

55–64 –.97 −1.23 to −.70*** –.97 −1.23 to −.70*** –.96 −1.23 to −.69***
65–74 −1.45 −1.71 to −1.19*** −1.44 −1.71 to −1.18*** −1.44 −1.70 to −1.17***
≥75 −2.08 −2.36 to −1.80*** −2.07 −2.35 to −1.79*** −2.06 −2.34 to −1.78***

Gender Female .37 .26 to –.49*** .38 .26 to –.49*** .38 .26 to –.49***
Race Non-Hispanic Black .16 –.06 to –.39 .16 –.06 to –.39 .17 –.06 to –.39

Non-Hispanic other –.07 –.26 to –.12 –.07 –.26 to –.12 –.07 –.26 to –.12
Hispanic .04 –.16 to –.23 .05 –.15 to –.24 .05 –.14 to –.24

Body mass index Overweight .14 0 to –.27* .13 0 to –.26 .13 0 to –.26
Obesity .34 .21 to –.48*** .34 .20 to –.47*** .34 .20 to –.47***

Diabetes Yes .09 –.01 to –.20 .10 –.01 to –.20 .10 –.01 to –.20
Drug use Yes 1.02 .65 to – 1.39*** 1.01 .64 to 1.38*** 1.01 .64 to 1.38***
Active smoking Yes –.15 –.25 to −.05** –.15 –.25 to −.05** –.15 –.26 to −.05**
Cancer Yes –.05 –.16 to –.26 .05 –.17 to –.26 .05 –.16 to –.26
Intraoperative fentanyl 

dose (µg)
- 0 0–0* 0 0–0* 0 0–0*

Intraoperative sufentanil 
dose (µg)

- 0 0–0 0 0–0 0 0–0

Intraoperative midazolam 
dose (mg)

- .02 0 to –.04 .02 0 to –.04 .02 0 to –.04

Abbreviations: CI, confidence interval; NSAIDs, nonsteroidal anti-inflammatory drugs.
*P <.05, **P <.01, and ***P <.001.

https://links.lww.com/AA/F353
https://links.lww.com/AA/F353
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diabetes, hypertension, chronic lung disease, dialy-
sis, lower LVEF, and increased CPB time were also 
more likely to have longer initial mechanical ventila-
tion time. The use of intraoperative midazolam and 
total crystalloid volume were also associated with 
increased postoperative ventilation time, though the 
effect was very small.

Association Between the Use of Multimodal 
Analgesia and Initial Intensive Care Unit Hours 
After Surgery
Results in Supplemental Digital Content 3, 
Supplemental Table 3, https://links.lww.com/AA/
F354 showed no association between multimodal 
analgesia and initial ICU hours, regardless of whether 

Figure 1. Forest plot showing marginal effect estimates for predicted maximum pain score on POD3 with variables that had a significant 
association shown in the figure. Marginal effect estimates represent the average effect of a variable across the studied population. POD3 
indicates postoperative day 3.

https://links.lww.com/AA/F354
https://links.lww.com/AA/F354
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use of multimodal analgesia was modeled as a 
dichotomous variable (Model 1), or as the total num-
ber of nonopioid-analgesics used (Model 2). When 
individual nonopioid analgesics were included in 
Model 3, results showed that the use of acetamino-
phen or NSAIDs was associated with reduced ini-
tial ICU hours (~4% and ~7% fewer hours in ICU, 
respectively). Figure 3 shows marginal estimates for 
predicted initial ICU hours after surgery from Model 
3 with variables that had a significant association 
shown in the figure.

Consistent across the 3 models, patients who were 
older, female, non-Hispanic black, obese, had a his-
tory of diabetes, chronic lung disease, dialysis, lower 
LVEF, and increased CPB time were also more likely 
to have longer stay in the intensive care unit. The use 
of intraoperative fentanyl, sufentanil, and total crys-
talloid volume were also associated with increased 
intensive care unit hours, though the effect was very 
small.

Association Between the Use of Multimodal 
Analgesia and Postoperative Outcomes
As shown in Supplemental Digital Content 4, 
Supplemental Table 4, https://links.lww.com/AA/
F355 the use of multimodal analgesia (Yes versus 
no) was not associated with negative postoperative 
outcomes, after controlling for predicted morbidity/
mortality (Model 1). When individual analgesics were 
included in Model 3, the results showed that the use 
of acetaminophen was associated with a reduced like-
lihood of delirium (odds ratio [OR] = 0.75, 95% CI, 
0.57–0.94, P = .02), whereas the use of a regional nerve 
block was associated with increased likelihood of 
unplanned reintubation (OR = 1.59, 95% CI, 1.12–2.27, 
P = .01).

DISCUSSION
In an observational cohort study examining the asso-
ciation between multimodal analgesia and outcomes 
in patients having elective CABG, valve, or combined 
CABG-valve surgery we did not find associations 
between use of multimodal analgesia, the number of 
multimodal analgesics used, or specific analgesics and 
lower maximum postoperative pain score on POD3. 
Our secondary analysis suggested that use of multi-
modal analgesia and use of multiple nonopioid anal-
gesics was associated with reduced initial mechanical 
ventilation time. In addition, our exploratory analy-
sis suggested that acetaminophen use was associated 
with reduced initial mechanical ventilation time, while 
dexmedetomidine use was associated with increased 
mechanical ventilation time. Acetaminophen use was 
also associated with less postoperative delirium and 
slightly decreased initial ICU hours.

Figure 2. Forest plot showing marginal effect estimates for predicted 
postoperative mechanical ventilation hours with variables that had 
a significant association shown in the figure. Marginal effect esti-
mates represent the average effect of a variable across the studied 
population.

https://links.lww.com/AA/F355
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ERACS programs have become increasingly pop-
ular and have been promoted as an opportunity to 
improve care for cardiac surgical patients, decrease 
postoperative complications, reduce length of hos-
pital and ICU stay and potentially reduce cost.2,3 
In 2 recently published ERACS guidelines multi-
modal analgesia was recommended by the authors.2,3 
Engelman et alendorsed multimodal analgesia with a 
Class I recommendation and suggested that provid-
ers consider use of acetaminophen, tramadol, dex-
medetomidine, and gabapentinoids for postoperative 
pain.2 The authors acknowledged that there is no 
single pathway for multimodal analgesia and the pri-
mary potential benefit is reduction in postoperative 
opioid consumption.2 Mertes et al recommended mul-
timodal analgesia with strong agreement, but recom-
mended against the use of gabapentin.3 The authors 
acknowledged that there are few studies demon-
strating a benefit to multimodal analgesia or specific 

nonopioid drugs.3 The potential benefit described 
again was reduction in postoperative opioid use and 
possibly shorter postoperative mechanical ventilation 
time and ICU length of stay.3

We did not find that multimodal analgesia was 
associated with reduced maximum postoperative 
pain score 3 days after cardiac surgery. In fact, in our 
exploratory findings, patients who received NSAIDs 
had slightly higher maximum pain scores on postop-
erative day 3, even when controlling for baseline pain 
and other potential confounders. Our findings differ 
from prior studies where NSAID use was associated 
with an approximately 1-point reduction in postoper-
ative pain score.15 Our study was limited by the select 
availability of maximum pain score on POD3, and it 
is possible that an association with pain scores existed 
on other postoperative days but was not captured 
in our study analysis. Caution should be exercised 
in interpreting our findings, as only 10% of patients 

Table 3.  Linear Mixed-Effects Regression Models Estimating the Association Between Multimodal 
Analgesia and Initial Mechanical Ventilation Hours
Variable Value Model 1 Model 2 Model 3

Est 95% CI Est 95% CI Est 95% CI

Multimodal analgesia No .45 .04 to –.86* - - - -
Number of multimodal 

analgesics used
1 - - –.33 –.76 to –.10 - -
2 - - –.44 –.89 to 0 - -
3 - - –.88 −1.36 to −.40*** - -
4 - - –.74 −1.32 to −.15* - -
5 - - −1.98 −3.79 to −.18* - -

Ketamine Yes - - - - –.01 –.27 to –.25
Dexmedetomidine Yes - - - - .57 .29 to –.85***
Regional nerve block Yes - - - - –.27 –.66 to –.11
Acetaminophen Yes - - - - –.93 −1.20 to −.65***
Lidocaine Yes - - - - .05 –.39 to –.50
NSAIDs Yes - - - - −1.44 −1.91 to −.97***
Age (y) 45–54 .78 .25–1.30** .77 .25–1.29** .73 .21–1.25**

55–64 .77 .29–1.25** .75 .27–1.23** .71 .23–1.19**
65–74 1.34 .87–1.82*** 1.32 .85–1.80*** 1.28 .81–1.76***
≥75 2.18 1.67–2.69*** 2.14 1.64–2.65*** 2.08 1.58–2.59***

Gender Female .89 .69–1.09*** .89 .68–1.09*** .89 .69–1.09***
Race Non-Hispanic African 

American
1.11 .71–1.51*** 1.11 .71–1.51*** 1.11 .71–1.51***

Non-Hispanic other 1.17 .83–1.51*** 1.17 .83–1.50*** 1.15 .81–1.48***
Hispanic .54 .18 to –.90** .52 .16 to –.88** .51 .15 to –.86**

Body mass index Overweight –.32 –.56 to −.09** –.32 –.56 to −.08** –.33 –.57 to −.09**
Obesity .07 –.17 to –.32 .08 –.17 to –.32 .06 –.18 to –.30

Diabetes Yes .46 .26 to –.65*** .45 .26 to –.65*** .46 .26 to –.65***
Hypertension Yes .28 .01 to –.55* .27 .01 to –.54* .27 0 to –.53*
Chronic lung disease Yes .77 .56 to –.99*** .78 .56 to –.99*** .76 .55 to –.98***
Dialysis Yes 2.82 2.27– 3.36*** 2.28 2.26– 3.35*** 2.78 2.23– 3.32***
Active smoking Yes .02 –.16 to –.21 .03 –.16 to –.21 .02 –.16 to –.20
LVEF (%) –.03 –.04 to −.02*** –.03 –.04 to −.02*** –.03 –.04 to −.02***
CPB time (h) 1.83 1.71– 1.95*** 1.83 1.71– 1.96*** 1.81 1.68– 1.93***
Intraoperative fentanyl dose 

(µg)
.29 –.04 to –.61 .24 –.08 to –.56 .26 –.06 to –.59

Intraoperative sufentanil 
dose (µg)

.71 −1.50 to – 2.92 .61 −1.60 to 2.82 .35 −1.86 to 2.55

Intraoperative midazolam 
dose (mg)

.05 .01 to –.09* .05 .01 to –.09* .05 .01 to –.09*

Total crystalloid volume (L) .14 .03 to –.25* .14 .03 to –.25* .14 .03 to –.25*

Abbreviations: CI, confidence interval; CPB, cardiopulmonary bypass time; LVEF, left ventricular ejection fraction; NSAIDs, nonsteroidal anti-inflammatory drugs.
*P <.05, **P <.01, and ***P <.001.
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in our cohort received NSAIDs and there may be 
unobserved confounders that we did not control for. 
Nevertheless, there are relatively few prior studies 
that have explored the impact of multimodal anal-
gesia on postoperative pain scores, which highlights 
a significant knowledge gap in ERACS. One meta-
analysis suggested that regional nerve blocks reduced 
postoperative maximum pain by approximately 0.8 
points on average after cardiac surgery, but 85% of 

included studies had a high risk of bias.16 At least 1 
randomized controlled trial suggested that ketamine 
did not reduce postoperative pain after cardiac sur-
gery, which is consistent with findings from noncar-
diac surgical patients where ketamine did not reduce 
postoperative pain or delirium and increased adverse 
reactions.17,18 Acetaminophen has some evidence to 
support reduction in postoperative pain after cardiac 
surgery,19 however several studies have also found 
that acetaminophen does not reduce postoperative 
pain after cardiac surgery.20–22 Rafiq et al found that 
a combination of multiple nonopioid analgesics sig-
nificantly reduced pain, nausea, and vomiting after 
cardiac surgery in an open label nonblinded trial.23 
Putting our study results into the context of prior 
published studies, it seems plausible that the impact 
of multimodal analgesia on postoperative pain scores 
is relatively minimal and that multiple complimen-
tary drugs are more likely to have a beneficial impact 
on pain scores than a single drug.

Importantly, pain score as an outcome measure has 
significant limitations, as pain score provides only a 
limited “snapshot” view of patients’ pain. Other char-
acteristics including pain tolerance, emotional state/
catastrophizing, and history of pain are not incorpo-
rated into pain scores. Pain scores are also subjective 
and it can be difficult to interpret what a number 
means to an individual patient.

In our study, patients who received multimodal 
analgesia, had approximately 30 minutes less of 
initial mechanical ventilation time on average and 
patients who received multiple nonopioid analge-
sics had progressively shorter mechanical ventila-
tion time. Specifically, patients who received 3 or 
4 nonopioid analgesics had close to a 45 minutes 
reduction in initial mechanical ventilation time and 
those who received 5 drugs had an approximately 
2 hour reduction in mechanical ventilation time. 
Several prior studies have explored the relation-
ship between multimodal analgesia and mechani-
cal ventilation time after cardiac surgery. In a small 
randomized controlled trial, Jin et al randomized 
patients to receive either 5 multimodal analgesics 
along with sufentanil or “standard care” with suf-
entanil analgesia.24 The authors found no differ-
ence in mechanical ventilation time in this study.24 
In a second randomized controlled trial, Stepan et 
al randomized patients to multimodal analgesia 
(including lidocaine, ketamine, and dexmedeto-
midine) with “low dose” opioids and compared 
outcomes against “standard care.”25 In this study, 
patients who received multimodal analgesia had 
shorter postoperative mechanical ventilation time 
and lower interleukin-6 levels suggesting a less 
proinflammatory state with multimodal analge-
sia.25 Cozowicz found that the use of multimodal 

Figure 3. Forest plot showing marginal effect estimates for pre-
dicted postoperative ICU hours with variables that had a significant 
association shown in the figure. Marginal effect estimates represent 
the average effect of a variable across the studied population. ICU 
indicates intensive care unit.
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analgesia was consistently associated with reduced 
mechanical ventilation time after surgery in a 13-year 
cohort study of almost 350,000 CABG patients.26 
Limitations of this study include a lack of granular 
data on patient comorbidities and predicted risk of 
morbidity with surgery. Further studies that com-
pare different multimodal analgesia regiments and 
extubation time can be helpful in elucidating, which 
medications have the most impact.

In our exploratory findings, acetaminophen was 
associated with both reduced mechanical ventilation 
time and reduced risk for postoperative delirium in 
our study. This finding is notable, as a recent ran-
domized controlled trial found that acetaminophen 
decreased delirium incidence after cardiac surgery 
by 18% (10% vs 28% in controls) when administered 
routinely during the first 48 hours after surgery.22 In 
this study, acetaminophen also decreased length of 
ICU stay and the need for breakthrough analgesics. 
The finding that peripheral nerve block/fascial plane 
block was associated with a 2-fold increased risk of 
reintubation was not anticipated. The reintubation 
rate in our cohort was 2.0%, so this finding should be 
interpreted prudently.

Our study has multiple limitations that should 
be considered including the retrospective nature of 
the study. First, the only postoperative pain score 
data that is available in the STS database is maxi-
mum numeric pain score on POD3. It is possible that 
multimodal analgesia has a more proximate effect, 
impacting early postoperative pain on the first and 
second days after surgery, and this was not able to 
be detected in our study. Second, the overwhelming 
majority of patients in the study received some form 
of multimodal analgesia (approximately 90%) and 
hence the patients who did not receive multimodal 
analgesia may have represented a very specific sub-
group of patients that differed from the main cohort. 
Third, we could not control for individual ICU pro-
vider or respiratory therapist patterns, which may 
have impacted postoperative patient management. 
Fourth, we did not have access to doses or durations 
of multimodal analgesic medications and many 
medications may have dose-specific effects. Without 
data on the duration of administration, it is also dif-
ficult to determine the true association with pain on 
POD3. Fifth, we did not have data on postoperative 
opioid use and 1 of the primary benefits of multi-
modal analgesia is likely reduced opioid consump-
tion after surgery.11,26,27 Likewise, the data within 
the database was pooled without any information 
regarding how or when the pain scores were col-
lected (ie with activity or at rest). Pooled data pre-
vents standardization of collection methods which 
may bias results. Finally, not all centers contribute 
to the anesthesiology module of the adult cardiac 

surgery STS database, and hence our findings may 
not be generalizable to all centers.

In summary, our study represents one of the larg-
est clinical cardiac surgery analyses to explore the 
impact of multimodal analgesia, during surgery 
or in the first 24 hours after surgery, on patient- 
centered postoperative outcomes including pain, 
postoperative mechanical ventilation time, ICU 
hours and delirium. Our exploratory results suggest 
that intraoperative, or early postoperative, multi-
modal analgesia is associated with early extubation 
and use of select analgesics such as acetaminophen 
may be associated with less postoperative delirium. 
Future prospective clinical trials comparing different 
multimodal regiments will be helpful in optimizing 
ERACS moving forward. E

ACKNOWLEDGMENTS
We would like to thank the Society of Cardiovascular 
Anesthesiologists for funding this project. The data for 
this research were provided by The Society of Thoracic 
Surgeons’ National Database Participant User File Research 
Program. Data analysis was performed at the investigators’ 
institution(s). This was determined to be exempt research 
with a waiver of informed consent from Advarra Institutional 
Review Board (Mod01760092, Version 1.1, Approval date 
July 17, 2023). The views and opinions presented in this arti-
cle are solely those of the author(s) and do not necessarily 
represent those of the Society of Thoracic Surgeons.

DISCLOSURES
Conflicts of Interest: Dr. Mazzeffi received consulting fees from 
Hemosonics, Octapharma, and NovoNordisk. He also received 
research funding from Takeda. No other authors declared 
Conflicts of Interest. Funding: The project was funded by a 
Society of Cardiovascular Anesthesiologists STS Participant 
User File (PUF) Grant (PUF-ACSD-2023-004). This manuscript 
was handled by: Lisa Rong, MD.

REFERENCES
	 1.	 Althans AR, Holder-Murray J, Tessler RA. The future of 

enhanced recovery after surgery-precision vs protocol. 
JAMA Netw Open. 2024;7:e2418968.

	 2.	 Engelman DT, Ben AW, Williams JB, et al. Guidelines for 
perioperative care in cardiac surgery: enhanced recov-
ery after surgery society recommendations. JAMA Surg. 
2019;154:755–766.

	 3.	 Mertes PM, Kindo M, Amour J, et al. Guidelines on 
enhanced recovery after cardiac surgery under cardiopul-
monary bypass or off-pump. Anaesth Crit Care Pain Med. 
2022;41:101059.

	 4.	 Sauro KM, Smith C, Ibadin S, et al. Enhanced recovery after 
surgery guidelines and hospital length of stay, readmis-
sion, complications, and mortality: A meta-analysis of ran-
domized clinical trials. JAMA Netw Open. 2024;7:e2417310.

	 5.	 Kaye AD, Urman RD, Rappaport Y, et al. Multimodal 
analgesia as an essential part of enhanced recovery proto-
cols in the ambulatory settings. J Anaesth Clin Pharmacol. 
2019;35:S40–S45.

	 6.	 Lee N, Feldt J, Bowman C, et al. A retrospective study: mul-
timodal analgesia quality measure implementation and 
patient outcome assessment. AANA J. 2023;91:431–436.



Copyright © 2025 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
230     www.anesthesia-analgesia.org� ANESTHESIA & ANALGESIA

Multimodal Analgesia Cardiac Surgery

	 7.	 Brown CR, Chen Z, Khurshan F, Groeneveld PW, Desai ND. 
Development of persistent opioid use after cardiac surgery. 
JAMA Cardiol. 2020;5:889–896.

	 8.	 Dahl JJ, Krebs ED, Teman NR, et al; UVA Cardiac ERAS 
group. Cardiac enhanced recovery program implementa-
tion and its effect on opioid administration in adult cardiac 
surgery. Semin Thorac Cardiovasc Surg. 2023;35:685–695.

	 9.	 Grant MC, Chappell D, Gan TJ, Manning MW, Miller TE, 
Brodt JL; PeriOperative Quality Initiative (POQI) and 
the Enhanced Recovery After Surgery (ERAS) Cardiac 
Society Workgroup. Pain management and opioid stew-
ardship in adult cardiac surgery: Joint consensus report 
of the PeriOperative Quality Initiative and the Enhanced 
Recovery After Surgery Cardiac Society. J Thorac Cardiovasc 
Surg. 2023;166:1695–1706.e2.

	10.	 Maheshwari K, Avitsian R, Sessler DI, et al. Multimodal 
analgesic regimen for spine surgery: A randomized  
placebo-controlled trial. Anesthesiology. 2020;132:992–1002.

	11.	 Loria CM, Zborek K, Millward JB, et al. Enhanced recovery 
after cardiac surgery protocol reduces perioperative opioid 
use. JTCVS Open. 2022;12:280–296.

	12.	 Grant MC, Crisafi C, Alvarez A, et al. Perioperative Care 
in cardiac surgery: a joint consensus statement by the 
enhanced recovery after surgery (ERAS) Cardiac Society, 
ERAS International Society, and The Society of Thoracic 
Surgeons (STS). Ann Thorac Surg. 2024;117:669–689.

	13.	 Verret M, Lauzier F, Zarychanski R, et al; Canadian 
Perioperative Anesthesia Clinical Trials (PACT) Group. 
Perioperative use of gabapentinoids for the management 
of postoperative acute pain: A systematic review and meta-
analysis. Anesthesiology. 2020;133:265–279.

	14.	 Park CM, Inouye SK, Marcantonio ER, et al. Perioperative 
gabapentin use and in-hospital adverse clinical events 
among older adults after major surgery. JAMA Intern Med. 
2022;182:1117–1127.

	15.	 Bainbridge D, Cheng DC, Martin JE, Novick R; Evidence-
Based Perioperative Clinical Outcomes Research (EPiCOR) 
Group. NSAID-analgesia, pain control and morbidity in 
cardiothoracic surgery. Can J Anaesth. 2006;53:46–59.

	16.	 Schmedt J, Oostvogels L, Meyer-Frießem CH, Weibel S, 
Schnabel A. Peripheral regional anesthetic techniques in 
cardiac surgery: a systematic review and meta-analysis. J 
Cardiothorac Vasc Anesth. 2024;38:403–416.

	17.	 Cameron M, Tam K, Al Wahaibi K, Charghi R, Beique F. 
Intraoperative ketamine for analgesia post-coronary artery 

bypass surgery: A randomized, controlled, double-blind 
clinical trial. J Cardiothorac Vasc Anesth. 2020;34:586–591.

	18.	 Avidan MS, Maybrier HR, Abdallah AB, et al; PODCAST 
Research Group. Intraoperative ketamine for prevention of 
postoperative delirium or pain after major surgery in older 
adults: An international, multicentre, double-blind, ran-
domised clinical trial. Lancet. 2017;390:267–275.

	19.	 Mamoun NF, Lin P, Zimmerman NM, et al. Intravenous 
acetaminophen analgesia after cardiac surgery: A random-
ized, blinded, controlled superiority trial. J Thorac Cardiovasc 
Surg. 2016;152:881–889.e1.

	20.	Lahtinen P, Kokki H, Hendolin H, Hakala T, Hynynen 
M. Propacetamol as adjunctive treatment for post-
operative pain after cardiac surgery. Anesth Analg. 
2002;95:813–819, .

	21.	 Jelacic S, Bollag L, Bowdle A, Rivat C, Cain KC, Richebe 
P. Intravenous acetaminophen as an adjunct analgesic 
in cardiac surgery reduces opioid consumption but not  
opioid-related adverse effects: A randomized controlled 
trial. J Cardiothorac Vasc Anesth. 2016;30:997–1004.

	22.	 Subramaniam B, Shankar P, Shaefi S, et al. Effect of intrave-
nous acetaminophen vs placebo combined with propofol or 
dexmedetomidine on postoperative delirium among older 
patients following cardiac surgery: The DEXACET random-
ized clinical trial. JAMA. 2019;321:686–696.

	23.	 Rafiq S, Steinbruchel DA, Wanscher MJ, et al. Multimodal 
analgesia versus traditional opiate based analgesia after car-
diac surgery: A randomized controlled trial. J Cardiothorac 
Surg. 2014;9:52.

	24.	 Jin L, Liang Y, Yu Y, et al. Evaluation of the effect of new 
multimodal analgesia regimen for cardiac surgery: A pro-
spective, randomized controlled, single-center clinical 
study. Drug Des Devel Ther. 2023;17:1665–1677.

	25.	 Stepan M, Oleh L, Oleksandr D, Justyna S. Effects of multi-
modal low-opioid anesthesia protocol during on-pump cor-
onary artery bypass grafting: A prospective cohort study. J 
Cardiothorac Surg. 2023;18:272.

	26.	 Cozowicz C, Zhong H, Poeran J, et al. The impact of mul-
timodal analgesia in coronary artery bypass graft surgery-
a population-based analysis. J Thorac Cardiovasc Surg. 
2025;169:105–113.e5.

	27.	 Grant MC, Isada T, Ruzankin P, et al. Opioid-Sparing 
cardiac anesthesia: Secondary analysis of an enhanced 
recovery program for cardiac surgery. Anesth Analg. 
2020;131:1852–1861.


