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Abstract

Background: This retrospective cohort study aimed to estimate the incidence of physical restraint (PR) among patients undergoing
elective cardiac surgery, characterize the associated clinical features, and identify independent predictors of PR after transfer to the
general ward. Methods: We analyzed data from 3941 adult patients at Beijing Anzhen (2018-2025). PR cases were identified through
electronic medical records. Univariate and multivariable logistic regression analyses were performed to identify independent risk factors
among perioperative variables. Model performance was evaluated using the C-statistic and the Hosmer—Lemeshow test, and internal
stability was assessed via bootstrap resampling. Results: The overall incidence of PR was 5.2% (206/3941). Multivariable logistic
regression identified four independent predictors: advanced age (adjusted odds ratio [aOR]: 1.04; 95% confidence interval [CI]: 1.02—
1.05; p < 0.001), use of deep hypothermic circulatory arrest (DHCA) (aOR: 3.52; 95% CI: 1.90-6.51; p < 0.001), remimazolam for
maintenance of anesthesia compared with propofol (aOR: 2.19; 95% CI: 1.15-4.18; p = 0.017), and prolonged length of stay in the
intensive care unit (ICU) (aOR: 1.01; 95% CI: 1.01-1.01; p < 0.001). In an exploratory analysis restricted to patients aged >65 years,
remimazolam maintenance was associated with higher odds of PR than propofol in a parsimonious Firth-penalized logistic regression
model (adjusted OR, 5.29; 95% CI: 2.07-13.49; p < 0.001). Conclusions: Advanced age, DHCA procedures, remimazolam-based
anesthesia, and extended ICU stays independently predict the use of PR in patients undergoing cardiac surgery. These findings may
facilitate risk stratification and underscore the need for targeted perioperative interventions and careful anesthetic selection to minimize
unnecessary restraint.
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1. Introduction making basis. In cardiac surgery, patients undergoing elec-
tive procedures face a unique risk profile due to complex
pathophysiology, extensive surgical trauma, and potent
pharmacological management. Unlike most other surgi-
cal patients, cardiac surgery patients are usually older, have
a high burden of cardiovascular and cerebrovascular com-
plications, undergo cardiopulmonary bypass (CPB), deep
hypothermic circulatory arrest (DHCA), significant fluid
shifts, transfusions, postoperative pain, sleep disturbance,
and intensive care treatment. These factors are closely re-
lated to postoperative delirium, agitation and device safety
concerns, which often prompt the use of restraints [9]. PR
has been studied in general ICU populations, but evidence is
limited in cardiac surgery patients after ward transfer. This
study aims to estimate the incidence of ward-stage PR, ex-
plore its clinical characteristics and predictors.

Physical restraint (PR) involves attaching devices or
instruments to a critically ill patient’s body or nearby, mak-
ing them difficult to remove and restricting the patient’s
movement. This practice is common among patients with
cranial diseases, those in intensive care units (ICU), and in-
dividuals with mental illnesses, who often exhibit restless-
ness, non-cooperation, tube removal, and violent behavior,
such as in psychiatry, neurology, and neurosurgery [1,2,3].
However, PR can worsen anxiety, depression, and psy-
chological trauma, and lead to complications such as skin
damage, muscle atrophy, and reduced mobility [4,5,6,7,8].
Recently, with the emphasis on enhanced recovery after
surgery and increased patient safety awareness, minimiz-
ing unnecessary PR has become a clinical priority. The
decision to apply PR is typically made by nursing staff at
the bedside and is influenced by numerous factors across
the preoperative, intraoperative, and postoperative phases.
Practices vary significantly among hospitals and medical
teams, indicating a lack of a unified, scientific decision-
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2. Materials and Methods
2.1 Setting and Study Design

We conducted this retrospective cohort study at Bei-
jing Anzhen Hospital over a 7-year period, from January 1,
2018, to February 28, 2025. Data were extracted from the
electronic database and our hospital’s health information
system. Cases of PR were identified through the physician’s
order sheet in the database and electronic screening of all
discharge summaries. In instances of discrepancies or miss-
ing data, we retrieved case record files from the hospital’s
medical registration department to review daily progress
notes and nursing charts. The study protocol, approved by
the Institutional Review Board of Beijing Anzhen Hospital
(2025296x), included a waiver of participant consent.

2.2 Study Population

The inclusion criteria were: (1) patients aged >18
years, (2) undergoing elective cardiac surgery. Pa-
tients were excluded if one of the following conditions
was met: (1) patients aged <18 years, (2) emergency
surgery, (3) unique intraoperative scenarios (such as de-
layed chest closure, intra-aortic balloon pump, or extracor-
poreal membrane oxygenation insertion) during the periop-
erative phase, (4) incomplete perioperative medical doc-
umentation. The exclusion criteria were defined in or-
der to improve clinical homogeneity and minimize out-
come misclassification. Emergency surgery was not con-
sidered because acute instability, shock, altered conscious-
ness, and incomplete optimizations might independently af-
fect delirium, sedation, and restraint use. Delayed chest
closure was not considered because it usually results in se-
vere postoperative instability and prolonged ventilation and
deep sedation. Patients who needed Intra-Aortic Balloon
Pump (IABP) or Extracorporeal Membrane Oxygenation
(ECMO) were not considered because device-related im-
mobilization, cannulation safety and dislodgement preven-
tion make restraint indications different from routine post-
operative care.

2.3 Definition

PR was defined as any manual method, physical or
mechanical device, material, or equipment attached or ad-
jacent to the patient’s body that the patient could not easily
remove and that restricted freedom of movement or nor-
mal access to the body [1]. In this study, PR referred to
mechanical physical restraint documented after patients re-
turned from the ICU to the general ward, such as soft limb
restraints or equivalent restraint devices used to restrict limb
movement for patient safety or prevention of unplanned de-
vice removal. PR status was assessed through the physi-
cian’s order sheet in the database and electronic screening
of all discharge summaries. Patients with documented el-
igible restraint episodes after ward transfer were classified
as PR; all others were classified as non-PR. When avail-

able, the timing and duration of PR were extracted from the
nursing records.

New-onset atrial fibrillation was defined as newly
documented postoperative atrial fibrillation or atrial flutter
in patients without preoperative atrial fibrillation, identified
by monitoring, telemetry, 12-lead electrocardiography, or
clinical documentation requiring treatment [ 10]. Pleural ef-
fusion was defined as postoperative accumulation of pleu-
ral fluid documented by chest radiography, ultrasonogra-
phy, or computed tomography, with or without therapeutic
drainage according to clinical indication [11]. Chronic re-
nal dysfunction was defined as a documented preoperative
diagnosis of chronic kidney disease or chronic renal insuf-
ficiency in the medical record before surgery [12]. Acute
kidney injury was defined according to Kidney Disease:
Improving Global Outcomes (KDIGO) as an absolute in-
crease in serum creatinine of >0.3 mg/dL within 48 hours
after surgery, a relative increase of >50% from baseline, or
the need for postoperative dialysis [13].

Propofol, ciprofol, and remimazolam were adminis-
tered intravenously for anesthesia maintenance and selected
by the attending anesthesiologist according to institutional
cardiac anesthesia protocols. The usual maintenance in-
fusion ranges were 4-12 mg/kg/h for propofol, 0.4-2.4
mg/kg/h for ciprofol, and 1-3 mg/kg/h for remimazolam.

2.4 Data Collection

Preoperative data encompassed gender, age, weight,
height, body mass index (BMI), left ventricular end-
diastolic dimension (LVEDD), ejection fraction (EF),
American Society of Anesthesiologists (ASA) physical sta-
tus, and medical conditions such as hypertension, diabetes,
hyperlipemia, atrial fibrillation, cerebrovascular disease,
and chronic renal dysfunction. It also included the use of
morphine prior to surgery. Intraoperative variables covered
the use of benzodiazepines, dosage of sufentanil, anesthe-
sia maintenance, type of surgery, involvement of CPB and
DHCA, operative time, and the volume of red blood cell and
plasma transfusions. Postoperative variables included ICU
stay length, duration of PR, new atrial fibrillation onset, pul-
monary complications like atelectasis, pleural effusion, and
infection, as well as septicemia, acute kidney injury (de-
fined as an absolute increase of more than 0.3 mg/dL or
a relative increase of over 50% in serum creatinine within
48 hours post-surgery, or requiring dialysis), stroke (new
permanent neurological event), hospital mortality, and to-
tal hospital stay duration.

2.5 Statistical Analysis

The analysis included measures such as mean (stan-
dard deviation) for normally distributed variables and me-
dian (interquartile range, IQR) for non-normally distributed
variables for continuous variables, and frequencies and per-
centages for categorical variables. Group comparisons for
continuous variables with a normal distribution were per-
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formed using a ¢-test or analysis of variance (ANOVA),
and non-normally distributed variables were compared us-
ing the Wilcoxon rank-sum test or Kruskal-Wallis test. For
comparison between groups of categorical data, we used
the Fisher exact test for expected frequencies <5; otherwise,
we used the Chi-squared test. A p-value of less than 0.05
was deemed statistically significant. Baseline differences
between the PR and non-PR groups were quantified using
standardized mean differences (SMDs). An absolute SMD
>0.10 was considered indicative of meaningful between-
group imbalance. Univariate logistic regression analysis as-
sessed the association between individual variables and PR.
Candidate predictors for multiple logistic regression were
selected based on both statistical and clinical criteria. Vari-
ables with a p-value of less than 0.10 in univariate analyses
were deemed potential predictors. Sex, ejection fraction,
and ASA physical status were included a priori due to their
established clinical significance as markers of perioperative
risk, physiological capacity, and postoperative susceptibil-
ity in cardiac surgery patients. To mitigate confounding,
we opted for univariate screening. Results are presented
as adjusted odds ratio (aOR) with 95% confidence inter-
val (CI). The Hosmer and Lemeshow Test evaluated the re-
gression model’s goodness-of-fit, while model discrimina-
tion was assessed using the C-statistic. Internal validation
employed the bootstrap method (1000 repetitions) to esti-
mate the optimism-corrected C-statistic and assess model
stability. Among patients aged =65 years, the association
between maintenance anesthetic regimen and PR was ex-
amined in an exploratory, parsimonious Firth-penalized lo-
gistic regression model because of the limited number of
PR events and sparse data in several covariate categories.
Covariates were selected a priori based on clinical rele-
vance and included age, sex, atrial fibrillation, preopera-
tive morphine use, maintenance anesthetic regimen, CPB,
and DHCA. Type of operation was not entered because it
was highly correlated with CPB. Among patients who ex-
perienced PR, factors associated with PR duration were as-
sessed using multivariable linear regression with the natu-
ral logarithm of PR duration in hours as the outcome. This
analysis was restricted to patients with PR because PR du-
ration is defined only among patients who experienced the
event. Covariates were selected a priori, and HC3 robust
standard errors were used. Exponentiated regression coeffi-
cients are reported as ratios of geometric mean PR duration
with 95% confidence intervals. All statistical analyses were
conducted using R software (version 4.2.2, R Foundation
for Statistical Computing, Vienna, Austria) and MSTATA
software (https://www.mstata.com).

3. Results

Fig. 1 illustrates the flow diagram of patient enroll-
ment and exclusion in this retrospective cohort study. Be-
tween January 2018 and February 2025, 3941 adult patients
undergoing cardiac surgery were retrospectively analyzed,
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with 206 (5.2%) receiving PR. Table 1 details the baseline
characteristics of these patients, categorized by PR status
(No: n = 3735; Yes: n = 206). The PR group was no-
tably older (61 [IQR: 55-68] yrs vs. 59 [IQR: 52—66] yrs,
p < 0.001, SMD = —0.248), and had a higher prevalence
of atrial fibrillation (21.4% vs. 11.4%, p < 0.001, SMD =
0.272), while sex distribution, BMI, and most comorbidi-
ties showed no significant differences. Aortic surgery and
valve-involving surgery were more likely to be associated
with PR (p < 0.001, SMD = 0.478). Significant perioper-
ative differences included higher median sufentanil doses
(1000 vs. 1000 pg, p < 0.001, SMD = —0.415), as well
as higher rates of CPB use (78.6% vs. 61.4%, p < 0.001,
SMD = 0.384) and DHCA (11.2% vs. 2.4%, p < 0.001,
SMD = 0.352) in the PR group. Preoperative morphine use
was less frequent in the PR group (15.0% vs. 21.3%, p =
0.031, SMD = 0.164), and anesthesia maintenance varied
significantly (p = 0.006, SMD = 0.205), with higher usage
of ciprofol and remimazolam in the PR group.

Table 2 highlights the differences in postoperative
complications between the two groups. The PR group had
significantly longer ICU stays (41 [IQR: 19-93] hours vs.
21 [IQR: 16-32] hours, p < 0.001) and hospital stays (15
[IQR: 11-21] days vs. 13 [IQR: 10-17] days, p < 0.001),
along with a higher incidence of pleural effusion (5.3% vs.
2.9%, p =0.049). Among patients receiving PR, the median
cumulative PR duration was 59 hours (IQR, 24-124). How-
ever, no significant differences were observed in the rates
of new-onset atrial fibrillation, pulmonary atelectasis, pul-
monary infection, septicemia, acute kidney injury, stroke,
or hospital mortality.

The univariate analysis results indicate that several
factors are relative risk factors for PR after returning to
the ward following cardiac surgery. These factors include
older age, a preoperative history of atrial fibrillation, pre-
operative use of morphine, the dosage of sufentanil admin-
istered during the operation, the type of anesthetic mainte-
nance drugs used, the type of operation, CPB, DHCA, and
the length of ICU stay. In addition to variables with p <
0.1 from the univariate analysis, we incorporated sex, ejec-
tion fraction, ASA classification, cerebrovascular disease,
benzodiazepine use during surgery, and operative time into
the multiple logistic regression model, drawing on the re-
searchers’ clinical expertise. The multiple logistic regres-
sion analysis revealed several factors associated with PR
use, as detailed in Table 3, Supplementary Table 1, and
Fig. 2. Each additional year of age was significantly linked
to higher odds of PR (aOR, 1.04; 95% CI, 1.02-1.05; p <
0.001). Patients undergoing surgery with DHCA had no-
tably higher odds of PR compared to those without DHCA
(aOR, 3.52;95% CI, 1.90-6.51; p<0.001). Using Remima-
zolam for anesthetic maintenance was significantly associ-
ated with increased odds of PR compared to propofol (aOR,
2.19;95% CI, 1.15-4.18; p=0.017). Furthermore, a longer
ICU stay was significantly linked to increased odds of PR
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Assessed for eligibility (n=5428)

Exclued cases (n=1487)
* emergency operation (n=582)
+ delayed chest closure (n=12)

* |IABP or ECMO (n=132)
* incomplete medical
documentation (n=761)

Eligible cases
(n=3941)

A4

Non-physical restraint
(n=3735)

y

Patients with physical restraint
(n=206)

Fig. 1. Flow Diagram of Patient Selection. IABP, Intra-Aortic Balloon Pump; ECMO, Extracorporeal Membrane Oxygenation.

(aOR, 1.01; 95% CI, 1.01-1.01; p < 0.001). The regres-
sion model demonstrated good fit (Hosmer and Lemeshow
Test y°: 5.5453, p = 0.698) and robust discriminatory abil-
ity, with a C-statistic of 0.755 (95% CI: 0.719-0.79) and
an optimism-corrected C-statistic of 0.765, indicating min-
imal overfitting and strong generalizability. Among the
206 patients who experienced PR, the log-duration analysis
showed that ciprofol maintenance, compared with propofol,
was associated with a shorter geometric mean PR duration
(ratio, 0.66; 95% CI, 0.50-0.88; p =0.004). Each additional
24 hours of ICU stay was associated with a longer geomet-
ric mean PR duration (ratio, 1.14; 95% CI: 1.07-1.20; p <
0.001). Other covariates were not significantly associated
with PR duration. Detailed results are shown in Supple-
mentary Table 2.

Table 4 illustrates that in the overall cohort analy-
sis, PR use was significantly higher in the >65 age group
(6.5%) compared to the <65 age group (4.6%), with an OR
0f 1.43 (95% CI: 1.07-1.91; p = 0.014). Associations in se-
lected clinical subgroups are presented as exploratory anal-
yses. No statistically significant interaction effects were de-
tected. In the supplementary analysis restricted to patients
aged =65 years, remimazolam maintenance was associated
with higher odds of PR than propofol after adjustment in
the parsimonious Firth-penalized logistic regression model
(aOR, 5.29; 95% CI: 2.07-13.49; p < 0.001). Detailed re-
sults are shown in Supplementary Table 3.

4. Discussion

PR is commonly employed in ICUs, with critical care
nurses serving as the primary decision-makers and practi-
tioners. While the intent behind the use of restraints is to
ensure patient safety, they can inadvertently cause physi-
cal or psychological harm. There is currently limited qual-
itative evidence regarding nurses’ experiences with PR. In
clinical practice, we observed a relatively high incidence
of PR remains relatively high among cardiac surgery pa-
tients after their transfer from the ICU to general wards, ad-
versely affecting their physical and mental recovery. Most
previous studies have investigated PR in ICUs and in psy-
chiatric hospitals, with few addressing the incidence and
duration of PR in general wards, particularly in relation to
cardiac surgery contexts. This retrospective cohort study
identified several independent predictors for PR use in car-
diac surgery patients after returning to the general wards.
These included advanced age, undergoing a DHCA pro-
cedure, maintenance with remimazolam-based anesthesia
rather than propofol, and extended ICU stays. Longer ICU
stay and DHCA may also contribute to prolonged PR du-
ration. The overall rate of PR was significantly higher in
patients aged =65 years (6.5%) compared to younger pa-
tients (4.6%), with an OR of 1.43. In an exploratory anal-
ysis restricted to older patients, remimazolam maintenance
was associated with higher odds of PR than propofol; this
association should not be interpreted as evidence of causal-
ity.

Previous studies have demonstrated that prolonged
cerebral ischemia linked to DHCA, along with reperfusion
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Table 1. Patient demographics and baseline characteristics.

Physical restraint

Characteristic p-value SMD
No Yes
n=3735 n=206

Sex, n (%) 0.280 0.077

Female 1224 (32.8) 75 (36.4)
Age (yrs), median (IQR) 59 (52, 66) 61 (55, 68) <0.001 —-0.248
Weight (kg), median (IQR) 72 (65, 79) 72 (65, 80) 0.973 0.020
Height (cm), median (IQR) 168 (162, 172) 167 (160, 171) 0.166 0.103
BMI (kg/m?), median (IQR) 25.6(23.7,27.7) 25.7 (24.2, 28.0) 0.283 —0.058
LVEDD (mm), median (IQR) 47.0 (44.0, 50.0) 47.0 (44.0, 50.0) 0.859 0.004
EF (%), median (IQR) 60 (57, 65) 61 (57, 65) 0.609 —-0.024
ASA, n (%) 0.873 0.037

I 65 (1.7) 4(1.9)

I 3460 (92.6) 192 (93.2)

v 210 (5.6) 10 (4.9)
Hypertension, n (%) 2120 (56.8) 121 (58.7) 0.577 0.040
Diabetes, n (%) 1301 (34.8) 62 (30.1) 0.164 0.101
Hyperlipemia, n (%) 1628 (43.6) 90 (43.7) 0.977 0.002
Atrial fibrillation, n (%) 425 (11.4) 44 (21.4) <0.001 0.272
Cerebrovascular disease, n (%) 327 (8.8) 18 (8.7) 0.993 0.001
Chronic renal dysfunction, n (%) 12 (0.3) 2(1.0) 0.164 0.081
Use of morphine, n (%) 797 (21.3) 31 (15.0) 0.031 0.164
Use of benzodiazepines, n (%) 3123 (83.6) 179 (86.9) 0.214 0.093
Dosage of sufentanil (pug), median (IQR) 1000 (750, 1000) 1000 (1000, 1000) <0.001 -0.415
Maintenance of anesthesia, n (%) 0.006 0.205

Propofol 2151 (57.6) 102 (49.5)

Ciprofol 1473 (39.4) 91 (44.2)

Remimazolam 111 (3.0) 13 (6.3)
Type of operation, n (%) <0.001 0.478

Off-pump CABG 1421 (38.0) 42 (20.4)

On-pump CABG 206 (5.5) 6(2.9)

Valve surgery 1108 (29.7) 73 (35.4)

Valve surgery+CABG 177 (4.7) 18 (8.7)

Aortic surgery 691 (18.5) 62 (30.1)

Others 132 (3.5) 524
CPB, n (%) 2292 (61.4) 162 (78.6) <0.001 0.384
DHCA, n (%) 91 (2.4) 23 (11.2) <0.001 0.352
Operative time (hours), median (IQR) 3.78 (3.33,4.32) 3.67 (3.20,4.25) 0.084 0.007
RBC (U), median (IQR) 0.0000 (0.0000, 0.0000) 0.0000 (0.0000, 0.0000)  0.956 —-0.008
FFP (mL), n (%) 0.944 0.014

0 3625 (97.1) 200 (97.1)

200 39(1.0) 2 (1.0)

400 71 (1.9) 4 (1.9)
Infusion (mL), median (IQR) 2500 (2000, 3000) 2500 (2000, 2950) 0.444 0.074

IQR, interquartile range; SMD, standardized mean differences; BMI, body mass index; LVEDD, left ventricular end-
diastolic dimension; EF, ejection fraction; ASA, American Society of Anesthesiologists; CABG, coronary artery bypass
grafting; CPB, cardiopulmonary bypass; DHCA, deep hypothermic circulatory arrest; RBC, red blood cell; FFP, fresh

frozen plasma.

injury during rewarming, is closely associated with var- be attributed to several physiological pathways, includ-
ious adverse postoperative outcomes. These include re- ing systemic inflammation, neuroinflammation, ischemia—
nal dysfunction, coagulation disorders, and especially neu- reperfusion injury, blood—brain barrier disruption, and

rological complications [14,15]. This phenomenon can temperature-related changes in cerebral metabolism. The
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Table 2. Postoperative adverse events.

Physical restraint

Adverse events p-value
No Yes
n=3735 n =206
Length of ICU stay (hours), median (IQR) 21(16,32) 41 (19, 93) <0.001
Physical restraint time (hours), median IQR) 0 (0, 0) 59 (24,124) <0.001
New onset of atrial fibrillation, n (%) 67 (1.8) 524 0.425
Pulmonary atelectasis, n (%) 22 (0.6) 3(1.5) 0.139
Pleural effusion, n (%) 109 (2.9) 11(5.3) 0.049
Pulmonary infection, n (%) 23 (0.6) 1(0.5) >0.999
Septicemia, n (%) 2(0.1) 0(0.0) >0.999
Acute kidney injury, n (%) 53(1.4) 1(0.5) 0.529
Stroke, n (%) 82 (2.2) 6(2.9) 0.464
Hospital mortality, n (%) 10 (0.3) 2 (1.0) 0.127
Length of hospital stay (day), median (IQR) 13 (10, 17) 15(11,21) <0.001

ICU, intensive care unit.

Table 3. Key predictors in the final multiple logistic
regression model.

Predictor Adjusted OR  95% CI  p-value
Age 1.04 1.02-1.05  <0.001
DHCA 3.52 1.90-6.51  <0.001
Remimazolam vs Propofol 2.19 1.154.18 0.017

ICU length of stay 1.01 1.01-1.01  <0.001

OR, odds ratio; CI, confidence interval.

strong correlation between DHCA procedures and use of
PR (aOR =3.52) highlights the specific challenges posed by
complex surgical techniques involving major physiological
changes [16]. These procedures are generally longer and
more intricate, which can result in extended recovery times,
and heightened agitation during emergence from anesthe-
sia, thus increasing the perceived need for PR.

Complex procedures such as aortic or valve surgery
require longer operative times, impose greater physiologi-
cal stress, demand more invasive monitoring, and necessi-
tate extended postoperative ICU care. Pain, sedation, me-
chanical ventilation, and indwelling tubes or drains increase
the perceived need for PR to prevent device removal or self-
harm. Thus, the association between surgical type and PR
may reflect both patients’ neurological vulnerability and the
complexity of their postoperative care.

The novel insights into anesthetics warrant special at-
tention. While propofol is commonly used for anesthe-
sia maintenance in cardiac surgery, the emerging use of
ciprofol and remimazolam introduces new considerations
for postoperative management. The effects of ciprofol are
comparable to those of Propofol. However, when used for
anesthesia maintenance, remimazolam, independently pre-
dicts PR following cardiac surgery. The exploratory anal-
ysis among older patients suggested that remimazolam re-
mained associated with higher odds of PR than propofol.
Remimazolam is a new, ultra-short-acting benzodiazepine

that offers advantages such as rapid onset, stable hemody-
namics, a short half-life, and quick recovery, leading to its
increasing and widespread clinical use in recent years [17].
Traditionally, benzodiazepines have been associated with
a higher incidence of neurological complications, includ-
ing postoperative delirium. Luk et al. [18] confirmed that
conventional benzodiazepines are significant predictors of
PR in the ICU. However, recent studies suggest that remi-
mazolam may not increase the risk of postoperative delir-
um [19]. A study by Aoki et al. [20] on elderly cardio-
vascular surgery patients also found no correlation between
the use of remimazolam and postoperative delirium. The
latest Chinese guidelines [21] on new intravenous anes-
thetics state that the risk of delirium from remimazolam
in elderly patients remains unclear. However, because the
number of older patients receiving remimazolam was small,
this exploratory association requires confirmation in larger
prospective studies and does not establish a causal medica-
tion effect. Thus, the specific impact of remimazolam on
PR after cardiac surgery observed in the present study re-
quires further investigation and confirmation.

Prolonged ICU stay was identified here as a significant
predictor of PR, in line with earlier research, showing that
extended stays in critical care are linked to various compli-
cations, potentially leading to increased PR [22]. The com-
bined impact of sleep deprivation, environmental stressors,
and ongoing medical interventions in the ICU likely con-
tributes to delirium and agitation, thereby increasing the
need for restraints. Furthermore, the study by Mitchell et
al. [23] reported that potential adverse events, such as self-
extubation, resulting from the absence of PR could cause
treatment delays and extend hospital stays. Nurses are of-
ten compelled to use restraints as a defensive measure to
ensure the continuity of long-term treatment. This finding
underscores the importance of implementing protocols to
prevent delirium and of strategies designed to shorten ICU
stays, thereby reducing the need for PR.
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Characteristics
Sex
Male
Female
Age
Weight
Height
BMI
LVEDD
ER
ASA
I
1l
v
Hypertension
No
Yes
Diabetes
No
Yes
Hypetlipemia
Yes
No
Atrial fibrillation
No
Yes
Cerebrovascular disease
No
Yes
Chronic renal dysfunction
No
Yes
Use of morphine
No
Yes
Dosage of sufentanil
Maintenance of anesthesia
Propofol
Ciprofol
Remimazolam
Use of benzodiazepines
No
Yes
Type of operation
Off-pump CABG
On-pump CABG
Valve surgery
Valve surgery+CABG
Aortic surgery
Others
CPB
No
Yes
DHCA
No
Yes
Operative time
RBC
FFP
0
200
400
Infusion
Length of ICU stay
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Fig. 2. Univariate and multivariate analysis.

7.4

OR (95% Cl)

1.17 (0.88, 1.57)
1.02 (1.01, 1.04)
1.00 (0.99, 1.01)
0.99 (0.97, 1.00)
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Table 4. Subgroup analysis.

Subgroup <65 years >65 years Crude OR (95% CI) p value p for interaction
Overall 124/2679 (4.6) 82/1262 (6.5) 1.43(1.07-1.91) 0.014
Sex, n (%) 0.679
Male 83/1843 (4.5) 48/799 (6.0) 1.36 (0.94-1.95) 0.103
Female 41/836 (4.9) 34/463 (7.3) 1.54(0.96-2.46) 0.073
ASA, n (%) 0.176
I 4/54 (7.4) 0/15 (0.0) 0.00 (0.00-Inf)  0.995
I 113/2479 (4.6) 79/1173 (6.7) 1.51(1.12-2.03)  0.006
v 7/146 (4.8) 3/74 (4.1) 0.84 (0.21-3.34)  0.803
Use of morphine, n (%) 0.150
No 104/2167 (4.8) 71/946 (7.5) 1.61(1.18-2.20)  0.003
Yes 20/512(3.9) 11/316 (3.5) 0.89(0.42-1.88)  0.754
Use of benzodiazepines, n (%) 0.988
No 15/408 (3.7) 12/231(5.2) 1.44(0.66-3.12) 0.362
Yes 109/2271 (4.8) 70/1031 (6.8) 1.44 (1.06-1.97)  0.020
Maintenance of anesthesia, n (%) 0.094
Propofol 62/1553 (4.0) 40/700 (5.7) 1.46 (0.97-2.19)  0.070
Ciprofol 56/1030 (5.4) 35/534(6.6) 1.22(0.79-1.89) 0.371
Remimazolam 6/96 (6.2) 7/28 (25.0)  5.00 (1.52-16.43)  0.008
Type of operation, n (%) 0.084
Off-pump CABG 16/814 (2.0) 26/649 (4.0) 2.08 (1.11-3.91)  0.023
On-pump CABG 3/123 (2.4) 3/89 (3.4) 1.40 (0.28-7.08)  0.688
Valve surgery 39/888 (4.4) 34/293 (11.6) 2.86(1.77-4.62) <0.001
Valve surgery+CABG 13/120 (10.8)  5/75 (6.7) 0.59 (0.20-1.72) ~ 0.333
Aortic surgery 49/622 (7.9) 13/131(9.9) 1.29 (0.68-2.45)  0.440
Others 4/112 (3.6) 1/25(4.0)  1.12(0.12-10.52) 0.918
CPB, n (%) 0.739
No 18/833 (2.2) 26/654 (4.0) 1.87(1.02-3.45) 0.043
Yes 106/1846 (5.7) 56/608 (9.2)  1.67 (1.19-2.33)  0.003
DHCA, n (%) 0.969
No 104/2576 (4.0) 79/1251 (6.3) 1.60 (1.19-2.16)  0.002
Yes 20/103 (19.4) 3/11(27.3)  1.56 (0.38-6.40)  0.540

Inf, Infinite.

Exploratory subgroup analyses suggested that PR was
more frequent among patients aged =65 years in several
clinical strata. However, formal interaction tests did not
identify statistically significant effect modification; there-
fore, these subgroup findings should not be interpreted as
evidence that the association between age and PR is in-
dependent of surgical technique, medication exposure, or
physiological support. Advanced age may contribute to
vulnerability to PR through reduced physiological reserve
and increased susceptibility to delirium [24]. Consistent
with this interpretation, Gu et al.’s research [25] highlighted
that in the Chinese ICU, age and delirium are indepen-
dent predictors of PR. The physiological changes that ac-
company aging, such as diminished functional reserve and
heightened susceptibility to delirium, likely contribute to
this increased risk.

In exploratory subgroup analyses, the elevated PR risk
in older patients undergoing valve surgery (OR = 2.86)
could be attributed to factors such as frailty and the bur-
den of the procedure. Conditions like chronic valvular dis-
ease, atrial enlargement, pulmonary hypertension, reduced
cardiac reserve, and atrial fibrillation may contribute to this
increased risk. Additionally, factors such as greater trauma
during surgery, extended bypass or cross-clamp times, pain,
hemodynamic instability, and the use of surgical devices
can lead to hypoperfusion, inflammation, sleep disruption,
delirium, and agitation. Similarly, the elevated risk in off-
pump CABG patients challenges the assumption that avoid-
ing CPB reduces complications requiring restraint. This
suggests that factors beyond bypass-related inflammation
contribute to the need for restraint.
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Interestingly, the lack of morphine administration
prior to surgery was linked to a higher risk of restraint in
older patients. Although opioids can lead to delirium [26],
they also confer analgesia that may alleviate pain-related
agitation. This paradoxical observation suggests that inad-
equate pain management, rather than opioid exposure itself,
may be responsible for the emergence of behaviors neces-
sitating PR.

Our findings have significant clinical implications. By
identifying specific risk factors, targeted interventions can
be implemented to decrease the use of PR. For elderly pa-
tients, especially those undergoing complex procedures or
receiving certain anesthetic regimens, enhanced monitor-
ing and preventive measures could reduce the need for PR.
Protocolized sedation and analgesia approaches, such as
those guided by the eCASH (early Comfort using Analge-
sia, minimal Sedatives, and maximal Human care) frame-
work, have proven effective in reducing PR without com-
promising safety [27]. Our research suggests that careful
selection of anesthetic agents, particularly remimazolam,
might lower the risk of restraint in elderly patients. Fur-
thermore, developing age-specific perioperative manage-
ment protocols that address the unique vulnerabilities of
older surgical patients could potentially reduce complica-
tions leading to restraint use.

Limitations

This study has several limitations that should be con-
sidered when interpreting the results. The retrospective
design introduces potential unmeasured confounding, even
with multivariate adjustment in the multiple logistic regres-
sion model. Being a single-center study may limit gener-
alizability, as restraint practices vary significantly across
institutions due to local protocols and cultural approaches
to patient management. Additionally, the absence of de-
tailed data on delirium incidence and severity is a limitation,
given that delirium is a primary indication for PR in post-
operative patients [24,28,29]. The small number of ASA 11
patients limited the power and precision of ASA-stratified
analyses. However, this distribution reflects the clinical
profile of cardiac surgical patients, who are commonly clas-
sified as ASA III or above due to substantial cardiovascu-
lar disease. Therefore, ASA-based subgroup results should
be interpreted cautiously. The observational nature of our
data also prevents definitive conclusions about causality re-
garding the identified associations. In the older-patient sub-
group, only 82 PR events were observed. Although a parsi-
monious Firth-penalized logistic regression model was used
to address sparse data and separation, the subgroup findings
remain exploratory and require external confirmation.

Future research should prospectively validate these
risk factors in multicenter studies to improve generalizabil-
ity. Investigating the mechanisms behind the differential
effects of anesthetic agents, especially the significant im-
pact of remimazolam on elderly patients, would enhance
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our pharmacological understanding and inform clinical de-
cisions. Intervention studies focusing on modifiable risk
factors, like protocolized anesthesia and analgesia regimens
tailored for elderly patients, could assess whether reducing
restraints is possible without compromising patient safety.
Moreover, research examining the relationship between PR
and specific patient-centered outcomes, such as psycho-
logical effects and long-term functional recovery, would
strengthen the evidence base guiding restraint practices.

5. Conclusions

In conclusion, this study identifies advanced age,
DHCA procedures, remimazolam anesthesia, and pro-
longed ICU stays as independent predictors of PR in car-
diac surgery patients. The exploratory association between
remimazolam and PR among older patients requires valida-
tion in larger prospective cohorts before it can inform clin-
ical practice.
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