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Abstract

Purpose: This study assessed the safety and analgesic effi-
cacy of butorphanol in patients receiving mechanical venti-
lation after cardiac surgery. Methods: This was a prospec-
tive study. A consecutive cohort of patients from our medi-
cal center who underwent cardiac surgery followed by me-
chanical ventilation between January 2021 and April 2022
were divided into two groups and received either butor-
phanol or morphine for analgesia, and all patients also re-
ceived propofol for sedation. Statistical analysis was per-
formed using the t-test or chi-square test, and the pain levels
of the two groups were compared based on the Critical-Care
PainObservation Tool (CPOT), as well as sedation based on
the Richmond Agitation-Sedation Scale (RASS), and inci-
dences of adverse events. Results: The two groups, each of
which contained 70 patients, reported similar analgesic effi-
cacy; the CPOT score was almost 0 and the RASS score was
between 0 and –3. The butorphanol group experienced sig-
nificantly lower rates of nausea, respiratory depression, and
drowsiness. However, the two groups experienced similar
rates of vomiting, pruritus, drowsiness, constipation, and
delirium, durations of mechanical ventilation, use of seda-
tive drugs, and lengths of stay in the intensive care unit.
Conclusions: For patients on mechanical ventilation after
cardiac surgery, butorphanol can provide analgesic effects
similar to those of morphine with a potentially lower risk of
certain adverse events.
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Introduction

Critically ill patients who require cardiac surgery of-
ten experience substantial postoperative pain [1,2], defined
as acute pain occurring immediately after surgery and typi-
cally lasting nomore than oneweek [3]. Postoperative anal-

gesia can alleviate anxiety and stress, reduce oxygen con-
sumption, maintain hemodynamic stability, and improve
sleep [4]. Therefore, patients are typically treated with
benzodiazepines, opioids such as morphine, and/or non-
steroidal anti-inflammatory drugs after cardiac surgery [5].
While some guidelines prefer opioids for their analgesic ef-
ficacy [6], these drugs increase the risk of various adverse
effects, such as drowsiness, respiratory depression, urine
retention, nausea, and vomiting [7].

Butorphanol tartrate may be a safer opioid to use as it
induces analgesia by stimulating κ-opioid receptors [8] and,
therefore, may have a lower risk of adverse events, such as
respiratory depression, gastrointestinal inhibition, immune
suppression, itching, and addiction, than opioids that stimu-
late µ-opioid receptors [9]. Currently, butorphanol tartrate
is not widely administered to patients undergoing cardiac
surgery. Instead, it is primarily administered to women who
have given birth or to patients undergoing orthopedic or
vascular surgery [10]. One study showed that, in patients
receiving mechanical ventilation after cardiac surgery, bu-
torphanol tartrate led to analgesic effects similar to those of
a higher dose of fentanyl [11].

Therefore, we aimed to investigate whether butor-
phanol tartrate provides analgesic effects similar to those
of morphine but with a lower risk of adverse events during
mechanical ventilation after cardiac surgery. Our findings
may guide the selection of sedative and analgesic drugs for
the treatment of these patients [12].

Methods

Patients

This study was approved by the Ethics Committee
of West China Hospital of Sichuan University (approval
2020-796). We prospectively recruited a consecutive co-
hort of patients who underwent cardiac surgery followed
by mechanical ventilation between January 2021 and April
2022 in the cardiothoracic intensive care unit of the West
China Hospital. Patients were enrolled if they were at least
18 years old and had undergone general anesthesia, fol-
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Table 1. Clinical demographic characteristics of the two groups of patients.

Characteristic Category
Butorphanol group Morphine group

Test statistic p
(n = 70) (n = 70)

Sex All 51.41 ± 13.54 53.87 ± 10.21 –1.212 0.228
Male 39 (55.71) 40 (57.14) 0.029 0.865
Female 31 (44.29) 30 (42.86)

Educational level Elementary and below 22 (31.43) 21 (30.00) 0.288 0.592
Junior high to college 37 (52.86) 43 (61.43)
Bachelor and above 11 (15.71) 6 (8.57)

Body mass index, kg/m2 24.04 ± 3.22 24.23 ± 3.88 –0.313 0.755
Heart function grade I 1 (1.43) 3 (4.29) 4.902 0.179

II 35 (50.00) 25 (35.71)
III 32 (45.71) 36 (51.42)
IV 2 (2.86) 6 (8.58)

Surgery type Valve replacement 64 (9.43) 58 (82.86) 2.295 0.317
CABG 2 (2.86) 4 (5.71)
Other 4 (5.71) 8 (11.43)

Duration of anesthesia, h 5.50 ± 1.23 5.49 ± 0.93 0.047 0.963
Duration of extracorporeal
circulation, min

124.11 ± 42.71 116.29 ± 37.30 1.155 0.250

Values represent the mean ± SD or n (%), unless otherwise noted. CABG, coronary artery bypass grafting.

lowed by surgery involving cardiopulmonary bypass (e.g.,
valve replacement or coronary artery bypass graft) and
subsequent postoperative mechanical ventilation using the
synchronized intermittent mandatory ventilation (SIMV)
mode, followed by postoperative sedation and analgesics
that lasted for at least 6 h.

Patients were excluded if they had a history of nau-
sea, vomiting, pruritus, or drug allergies; they showed poor
heart function (defined as ejection fraction <30%) or se-
vere dysfunction of the liver or kidneys prior to surgery;
they required epinephrine or norepinephrine at doses above
0.1 µg/kg/min or an intra-aortic balloon pump in order to re-
store or maintain hemodynamic stability after surgery; they
required reoperation for bleeding or a second intubation
after surgery; or they received hypothermic therapy after
surgery.

The sample size was calculated based on previous
studies involving butorphanol on patients received me-
chanical ventilation after cardiac surgery in intensive care
unit [13], the outcomes considered in the calculation were
Critical-Care Pain Observation Tool (CPOT), for this out-
come, we considered a power of 80% with 0.05 signifi-
cance, a difference to be detected of 0.04 liters and a stan-
dard deviation of 0.31, generating a sample of 14 patients
per group. However, since Hu et al. [13] sample size was
249 cases, we decided to recruit 120 patients. Overall, a to-
tal of 144 patients were included d to compensate for possi-
ble dropouts. Of these, four were unable to fulfill the study
and the final sample comprised 140 patients.

Interventions

Patients were assigned to one of two groups at the dis-
cretion of the attending physician. For sedation and anal-
gesia, one group of patients received butorphanol tartrate
(National Medical Products Administration of China with
Approval Number H20020454, Jiangsu Hengrui Pharma-
ceutical Co., LTD., Lianyungang City, Jiangsu Province,
China) at an initial dose of 6–10 µg/kg/h, while the other
receivedmorphine (NationalMedical Products Administra-
tion of China with Approval Number H20020454, North-
east Pharmaceutical Group Shenyang First Pharmaceutical
Co., LTD., Shenyang, Liaoning, China) at an initial dose of
2 mg/h. All the patients received propofol (China Import
Drug Registration Certificate Number H20171275, Cor-
den Pharma S.P.A, Viale dell’Industria 3,20867 Caponago,
ltaly) at an initial dose of 50 mg/h. The initial doses were
adjusted according to the patient’s level of sedation, analge-
sia, heart rate, and blood pressure. The analgesia Critical-
Care Pain Observation Tool (CPOT) scores were between
0–2 and the Richmond Agitation-Sedation Scale (RASS)
scores were between 0–3.

Assessments and Outcomes

Bedside nurses, all of whom were trained in assessing
sedation and analgesia, collected data on the clinicodemo-
graphic patient characteristics, type of surgery, duration of
anesthesia, cardiopulmonary bypass, and invasive mechan-
ical ventilation. They also collected pain data using CPOT
and sedation data using the RASS [14]. Pain and analgesia
were assessed at the following time points: when patients
awoke after surgery, 15 min after sedation and receiving
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Table 2. Comparison of scores for pain and sedation as well as heart rate between the two groups at different time points.

Outcome Time point
Butorphanol group Morphine group

Test statistic p
(n = 70) (n = 70)

Critical Care Pain Obser-
vation Tool score

T1 0.13 ± 0.70 0.14 ± 0.60 –0.13 0.90
T2 0.11 ± 0.69 0.04 ± 0.27 0.81 0.42
T3 0.06 ± 0.29 0.04 ± 0.27 0.30 0.76
T4 0.07 ± 0.35 0.06 ± 0.29 0.26 0.79
T5 0.06 ± 0.34 0 1.43 0.16
T6 0.04 ± 0.29 0 0.90 0.37
T11 0.03 ± 0.24 0 1 0.32
T12 0.01 ± 0.12 0 1 0.32
T13 0.26 ± 0.77 0.04 ± 0.20 2.24 0.27

Richmond Agitation-
Sedation Scale score

T1 –0.34 ± 0.78 –0.56 ± 0.75 1.65 0.10
T2 –1.37 ± 1.24 –1.47 ± 0.88 0.55 0.58
T3 –1.97 ± 1.13 –2.17 ± 0.82 1.20 0.23
T4 –2.39 ± 0.82 –2.56 ± 0.79 1.26 0.21
T5 –2.59 ± 0.81 –2.81 ± 0.60 1.90 0.06
T6 –2.58 ± 0.97 –2.77 ± 0.58 1.08 0.28
T11 –1.64 ± 1.22 –1.86 ± 1.20 1.05 0.30
T12 –0.24 ± 0.67 –0.30 ± 0.60 0.53 0.60
T13 0.01 ± 0.12 0 1 0.32

Heart rate T1 86.54 ± 11.55 85.81 ± 12.89 0.35 0.73
T2 87.10 ± 10.69 85.81 ± 13.31 0.63 0.53
T3 86.57 ± 11.05 86.41 ± 14.94 0.08 0.94
T4 86.41 ± 11.77 86.39 ± 14.48 0.01 0.99
T5 85.94 ± 12.01 84.03 ± 13.60 0.88 0.38
T6 82.67 ± 11.24 83.03 ± 11.94 –0.15 0.89
T11 86.21 ± 12.02 84.76 ± 11.41 0.74 0.46
T12 86.04 ± 12.07 86.07 ± 13.92 –0.01 0.99
T13 87.03 ± 12.17 86.80 ± 10.96 0.11 0.91

Mean arterial pressure
(MAP)

T1 81.67 ± 10.71 81.31 ± 9.98 0.20 0.84
T2 78.94 ± 9.56 78.14 ± 8.88 0.51 0.61
T3 78.14 ± 8.28 76.64 ± 8.75 1.04 0.30
T4 77.49 ± 8.30 76.46 ± 7.91 0.75 0.45
T5 80.21 ± 8.54 77.94 ± 8.20 1.61 0.11
T6 80.85 ± 8.11 80.00 ± 9.11 0.47 0.64
T11 84.09 ± 7.88 80.07 ± 8.70 2.86 0.005*
T12 86.13 ± 8.03 83.01 ± 7.99 2.30 0.023*
T13 85.87 ± 8.64 83.99 ± 8.88 1.27 0.21

Note: T1 (patient awake), T2 (sedation 15 min), T3 (sedation 30 min), T4 (sedation 1 h), T5 (sedation 5 h), T6
(sedation 9 h), T11 (sedation stopped), T12 (1 h after withdrawal of analgesics), T13 (1 h after extubation). *, p <

0. 05).

analgesics, 1 h after the end of sedation and analgesia, and
1 h after extubation. At the same time points, heart rate and
mean arterial pressure were measured.

Nurses collected data on adverse events that occurred
during sedation and within 24 h after extubation, such as
nausea, defined as self-reported upper abdominal discom-
fort and urgency to vomit; vomiting, defined as expul-
sion of stomach contents with or without intestinal contents
through the mouth; respiratory depression, defined as ob-
vious difficulty in breathing and CO2 partial pressure >50
mmHg [15]; apnea; pruritus; drowsiness, defined as a score
of –1 or below on the RASS; constipation, defined as the

first bowel movement occurring>3 days after surgery; and
delirium. Delirium was evaluated using the confusion as-
sessment method for the diagnosis of delirium in the ICU
(CAM-ICU) and every 4 h post-operation. Levels of C-
reactive protein and interleukin-6 were recorded as markers
of inflammation.

Statistical Analysis

All data were entered into Excel and analyzed using
SPSS software (version 21.0; IBM, Chicago, IL, USA).
Continuous variables were reported as mean± standard de-
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Table 3. Mechanical ventilation time, intensive care unit (ICU) stay, and inflammatory indicator levels of the two groups.

Object Type
Butorphanol group Morphine group

Statistical value p-value
(n = 70) (n = 70)

Mechanical ventilation time 21.48 ± 10.82 21.21 ± 18.20 0.107 0.915

ICU stay time 72.70 ± 33.28 72.13 ± 37.15 0.095 0.124

Inflammatory indicators C-reactive protein 55.34 ± 53.80 59.94 ± 51.59 –0.520 0.610
Interleukin-6 372.65 ± 432.16 394.70 ± 393.13 –0.310 0.750

viation and comparisons between groups were made using
Student’s t test if normally distributed; otherwise, the me-
dian (interquartile range) was calculated and compared us-
ing the Mann-Whitney U test. Categorical variables were
presented as n (%) and compared using the chi-square test
or Fisher’s exact test. Differences were considered statisti-
cally significant at p < 0.05.

Results

Of the 144 patients screened for enrollment, we ex-
cluded two from the butorphanol group because they re-
quired reoperation due to postoperative bleeding and two
from the morphine group because one experienced hemo-
dynamic instability and the other underwent hypothermia
treatment. The characteristics of the two groups, each con-
taining 70 patients, did not differ significantly in terms of
age, sex distribution, education level, body mass index,
preoperative cardiac function, type of surgery, duration of
anesthesia, or extracorporeal circulation (Table 1).

The CPOT and RASS scores did not differ signifi-
cantly between the groups at any time point (Table 2). Heart
rate did not differ significantly between the groups at any
time point, andmean arterial pressure only differed between
the two groups at the end of sedation and analgesia and 1
h after. Both groups received similar doses of butorphanol
and morphine. The rates of nausea, respiratory depression,
and drowsiness were significantly lower in the butorphanol
group compared to those in the morphine group, whereas
the rates of all other adverse events were similar between
the two groups. The groups did not differ significantly in
terms of the duration of mechanical ventilation, duration of
stay in the intensive care unit, C-reactive protein levels, or
interleukin-6 levels (Table 3).

Discussion

Our results indicate that butorphanol is a safe and ef-
fective analgesic for patients receiving mechanical venti-
lation after cardiac surgery. It provided our patients with a
comparative analgesic effect to that at a similar dose of mor-
phine but with a lower incidence of certain adverse events.
Our study justifies the need for larger trials to verify and ex-
tend our findings, whichmay establish butorphanol as a safe

analgesic option for patients undergoing cardiac surgery.
Our study showed no statistically significant differences be-
tween the two groups in terms of inflammatory indicator
levels.

Here, an initial dose of butorphanol 6–10 µg/kg/h was
used, which is lower than the recommended dose of 10–20
µg/kg/h in previous studies [16]. Our results demonstrated
that a lower dose of butorphanol can provide a similar anal-
gesic effect to that of morphine [17], while reducing the
risk of nausea, respiratory depression, and drowsiness. In
this way, our results support the idea that butorphanol and
other so-called “partial opioid receptor agonists” can reduce
the risk of respiratory depression and gastrointestinal ad-
verse reactions [18,19]. Butorphanol may also protect the
myocardium [20] and help stabilize hemodynamic parame-
ters [21], especially when administered with propofol [22].
Comparison of the effects of butorphanol with those of the
opioid tramadol in women after receiving a cesarean section
showed that butorphanol had significantly better analgesic
activity as well as significantly lower risk of nausea, vom-
iting, dizziness, and 24-hour sedation after analgesia [23],
leading to significantly higher patient satisfaction [24].

Limitations

Our results should be interpreted with caution because
of the small, single-center sample size and because we only
tested one dose of the drug. The fact that we used a dose
lower than the recommended dose may mean that our work
underestimates the efficacy of the drug and the risk of its
adverse effects. Future studies should include a large, ran-
domized trial and different drug doses to further verify and
extend our findings. This study also used different defini-
tions of respiratory depression to those of previous studies
[15]. In the future, we will conduct further relevant studies
to explore the analgesic effect of different doses of butor-
phanol in patients receiving mechanical ventilation during
cardiac surgery.

Conclusions

For patients on mechanical ventilation after cardiac
surgery, butorphanol can provide analgesic effects similar
to those of morphine with a potentially lower risk of nausea,
respiratory depression, and drowsiness.
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