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Background: The present study aimed to explore sedation management in agitated patients
who suffered from acute respiratory failure (ARF) and were treated with noninvasive
ventilation (NIV).

Patients and Methods: We divided 118 patients undergoing NIV treatment with butor-
phanol or propofol into two groups: group B (n = 57, butorphanol was initiated at the rate of
0.12 pg/kg/min as a continuous intravenous infusion and then titrated by 0.06 pg/kg/min
every half an hour, group P (n = 61, propofol was initiated at the rate of 5 pg/kg/min as
a continuous intravenous infusion and then titrated by 1.5 pg/kg/min every half an hour).
Score of Sedation Agitation Scale (SAS) in the two groups was maintained between 3 and 4.
Medications including sedative, analgesic, and antipsychotic, NIV intolerance score, SAS
score, visual analog scale (VAS), medication use and adverse events were recorded
repeatedly.

Results: Patients receiving butorphanol required significantly less total amount of fentanyl
than patients receiving propofol during NIV to maintain the target VAS [0 (0-0) pg vs 150
(50-200) pg, P< 0.005]. Hemodynamic stability during NIV showed it was better kept in
patients treated with butorphanol.

Conclusion: Butorphanol not only decreased the requirements of fentanyl but also enhanced
hemodynamic stability in agitated patients suffering from ARF receiving NIV.

Trial Registration: Registered at http://www.chictr.org.cn/ (ChiCTR1800015534).
Keywords: butorphanol, acute respiratory failure, noninvasive ventilation

Background
In recent decades, with the development of techniques of respiratory support and
monitoring, noninvasive ventilation (NIV) was widely implemented in intensive
care units (ICU) and obviates the need for invasive ventilation and mortality among
patients undergoing acute exacerbations of chronic obstructive pulmonary disease'*
or severe pulmonary edema induced by injuries of lung and heart,® because these
diseases are usually the main reasons for acute respiratory failure (ARF). In
addition, NIV was also practiced in patients suffering from refractory hypoxemia
and/or the compromise of immunity, and during the period of postextubation.
However, lots of uncomfortable experience of NIV, for example pain, anxiety,
dysphoria, delirium, intolerance of NIV and asynchrony with the ventilator often
exist and result in failure of NIV in critically ill patients treated with NIV.* For the
success of NIV, these uncomfortable aspects must be treated with sedative-hypnotic
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medications. Therefore, sedation management is a very
critical consideration during the care of patients under-
going NIV. A desirable sedation should facilitate mechan-
ical ventilation and sleep, allay anxiety, release pain and
delirium, and alleviate physiologic responses to stress
including tachycardia, shortness of breath and hyperten-
sion without depressing respiration or hypoxic drive and
cough reflex.

The regimens of sedation and analgesic that clinicians
prefer to use may improve patients’ comfort and tolerance
and be quite varied during NIV. It is reported that benzo-
diazepines, propofol and opiates are the most often
selected for NIV in patients with ARF,>° but clinicians
are very cautious to administer these medications because
these medications may compromise the respiratory and
cough reflex.” Furthermore, propofol and benzodiazepines
are related to greater delirium.® A synthetic opioid agonist-
antagonist analgesic, butorphanol, can agonize the k and ¢
opiate receptors principally, but antagonize p opiate recep-
tor or partially.”'° Because of lower affinity between
butorphanol and ¢ opiate receptors, little dysphoria could
be induced by butorphanol.” In addition to analgesia,
butorphanol also exerts the effect of sedation through
agonising k opiate receptors without tolerance.'® There is
not floaty euphoria and drug dependence during period of
use butorphanol because it antagonize p opiate receptor or
partially.'" Butorphanol has been used widely for treat-
ment of pain with moderate-to-severe degree, opioid-
induced cough, as a supplement to balancing general
anesthesia and reducing post-operative shivering.'*"?
However, no studies have been reported on the use of
butorphanol during NIV.

To date, it is still not known what the optimal strategy
of sedation and analgesic for patients who suffer from
ARF and are treated with NIV is. Hence, we explore the
treatment with sedatives, analgesics, and antipsychotics,
and describe tolerance of NIV, sedation depth, pain eva-
luation, and the incidence of delirium in the first 24-hour
s after NIV treatment in our study.

Patients and Methods

Ethics Statement

The research was approved by the Ethics Committee of
Tongde Hospital of Zhejiang Province (approval no.
2018-018) and implemented according to the guidelines
of the Declaration of Helsinki.'* All participants were
recruited by Tongde Hospital of Zhejiang Province and

they all (or their guardians) signed informed consents prior
to enrollment.

Patients

The data of patients with ARF were collected prospec-
tively, and they had been consecutively treated with NIV
in the ICU of Tongde Hospital of Zhejiang Province,
China, between January 2018 and June 2019.

The inclusion criteria of NIV were that 1) pulse oxygen
saturation (SpO,) was less than 90% while inspiration of
oxygen was more than 10 L/min through reservoir
mask, 2) acute respiratory acidosis showed levels of partial
pressure of carbon dioxide in artery (PaCO,) were more
than 45 mmHg, or 3) respiratory distress, including both
more than 24 breaths per minute of respiratory rate (RR)
and enhanced use of accessory respiratory muscle.

The main exclusion criteria were severe dementia, less
than or equal to 12 points of a Glasgow Coma Scale
(GCS) score, and treatment with butorphanol or propofol
during the past month. Endotracheal intubation in an
urgent situation, a definite refusal decision of intubation,
and an order not to participate.

Noninvasive Ventilation

NIV was conducted with a Philips ventilator (BiPAP
Vision, Respironics Inc, USA). The ventilator operates in
the following modes: 1) Continuous Positive Airway
(CPAP), 2) and 3)
Spontaneous/Timed (S/T) through a nose mask or nose-

Pressure Spontaneous  (S)
mouth mask. The inclusion criteria mentioned above deter-
mined the setting of a ventilator and choice of ventilation
modes including the CPAP and S/T. If a patient satisfied
criterion 2) and/or 3), the S/T mode was chosen, yet we
chose the CPAP mode if one satisfied criterion 1) and
suffered from mere hypoxemia. The initial setting of the
S/T mode included an inspiratory positive airway pressure
(IPAP) of 14 cm H,0, an expiratory positive airway pres-
sure (EPAP) of 6 cm H,O, a RR of 10 breaths per minute,
and a pressure support of 8 cm H,O. In the CPAP mode,
the ventilator delivered continuous pressure support at
6 cm H,O at the beginning. In order to maintain the
SpO, of more than 90%, the fraction of inspiratory oxygen
(FiO,) was modulated based on the SpO,. The physicians
proficiently adjusted the NIV settings during NIV treat-
ment based on each patient’s condition followed by the
beginning of NIV treatment.

We discontinued the treatment of NIV in the patients
who satisfied all criteria as follows: 1) patients did not
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manifest signs of respiratory distress such as a RR of more
than 24 breaths per minute and enhanced use of accessory
respiratory muscle, 2) SpO, was above 90% with the flow
of inhaled oxygen of less than 10 L/min through the
oxygen storage mask, and 3) the levels of PaCO, were
less than 45 mmHg or acute respiratory acidosis did not
manifest in patients.

But invasive mechanical ventilation was performed
after endotracheal intubation if patients met one of the
criteria as follows: decrease in hemodynamic stability,
a deterioration of consciousness status, or symptoms of
respiratory failure, which was persisting or deteriorating
and met no less than two of the criteria as follows: a RR of
more than 45 breaths per minute, becoming no better in
symptoms of severe overload on respiratory muscle,
increased amount of secretions in trachea, acidosis mani-
festing a pH value of less than 7.25, and an SpO,of less
than 90% persisting for no less than 5 minutes.

Sedation, Analgesia and Anti-Delirium

One hundred and eighteen patients were divided into two
cohorts, those who received butorphanol (group B, 57
patients) or received propofol (group P, 61 patients). In
group B, butorphanol (Jiangsu Xinchen Pharmaceutical
Co. Ltd) treatment was begun at a rate of 0.12 pg/kg/min
as a continuous intravenous infusion without a beginning
bolus, then titrated by 0.06 pg/kg/min every half an hour
(up until the highest rate of 0.24 pg/kg/min) to keep
a Sedation-Agitation Scale (SAS) score of between 3 and
4" In group P, propofol (AstraZeneca S.p.A.) treatment
was started at a rate of 5 pg/kg/min as a continuous
intravenous infusion without a beginning bolus, then
titrated by 1.5 pg/kg/min every half an hour (up until the
highest rate of 10.0 ug/kg/min) to keep a SAS score of
between 3 and 4.'° After ten minutes when any butorpha-
nol tartrate or propofol dose was raised, the injection of
midazolam (Jiangsu Nhwa Pharmaceutical Limited by
Share Ltd) with a dose from 0.01 to 0.02 mg/kg would
be infused as necessitated when the patient manifested
a sign of agitation (SAS score of no less than 5), in
addition, the injection of fentanyl (Yichang human well
pharmaceutical limited liability company) with a dose
from 0.5 to 1 pg/kg would be infused as necessitated
when a patient exhibited pain (Visual Analog Scale, VAS
score of no less than 5 of 10 cm) once the last dose of
midazolam or fentanyl had been administered for three
hours.'®!'” The intramuscular injection of haloperidol
(Hunan Dongting pharmaceutical Limited by Share Ltd)

of 2.5 to 5 mg would be administered as necessitated if
a patient developed delirium.'®

Study Outcomes
In this study, the variable of main outcome was the toler-
ance of NIV, which was ranked by a NIV intolerance
score.'” The NIV intolerance score included four points
and was modified based on NIV tolerance scores with
four-points and five-points which have been published
previously.?2! The level of sedation was evaluated using
SAS score, with a SAS score of no less than 5 indicating
agitation but a SAS score of no more than 2 indicating
deep sedation.”? Pain was estimated using a VAS, with
a length of 0 cm representing no pain but a length of
10 cm representing severe pain.”> When the patient could
not finish the VAS, it would be recorded on the form by
the bedside nurse based on patient’s self-reported pain
score. The Intensive Care Delirium Screening Checklist
was performed to screen patients with delirium.”* The
bedside nurse, well educated regarding each assessment,
conducted all assessments of sedation, pain and delirium
and recorded in medical records repeatedly, every hour.
Vital signs, such as heart rate (HR), invasive blood
pressure (IBP), and RR, were monitored every minute
and recorded every 10 minutes during the first sixty min-
utes and every half an hour from one hour after the initia-
tion to the finish of the study's medication infusion. Acute
Physiology and Chronic Health Evaluation (APACHE)-
ITand sequential organ failure assessment (SOFA) were
performed at baseline. In addition, we repeated the analy-
sis of blood gases and laboratory tests at NIV initiation and
1, 6, 12, and 24 hours after the drugs were administered.
Clinical and laboratory data of all patients were recorded.
During our research, all patients were monitored for
evidence of clinical or laboratory adverse events. Adverse
events referred to any adverse events that occurred in
patients such as symptoms, signs, laboratory findings or
test results.

Statistical Analysis

The IBM SPSS Statistics 19 (IBM Corporation, Armonk,
New York, USA) was used to conduct statistical analyses.
Continuous variables were presented as the means + stan-
dard deviation (SD). Comparisons of repeated measure-
ments within groups was conducted using repeated
measurement variance analysis. Comparisons between
groups were performed with the independent-sample ¢ test.

Categorical variables were presented as the frequency (n)
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and percentage (%) and analyzed using Chi-squared tests or
Fisher exact tests as appropriate. In all analyses, a P value of
< 0.05 was deemed to be statistically significant.

Results

Baseline Characteristics

From January 2018 to June 2019, there were 201 patients
undergoing treatment with NIV, but according to the inclu-
sion criteria and exclusion criteria mentioned above, 83
patients were excluded and 118 were included in our study
(Figure 1). Characteristics of the patients at baseline were
similar in the two groups (Table 1). The mean age, propor-
tion of men and body-mass index (BMI) were similar
between the two groups (P =0.211, 0.501 and 0.521 respec-
tively). The APACHE-II, SOFA scores, duration of ICU stay,
the proportion of reasons for ARF and the source of pain
showed no significant difference between the two groups
(P=0.301, 0.512, 0.127, 0.469 and 0.916 respectively).

Changes in NIV Intolerance Score, SAS

Score and VAS Between the 2 Groups

In both groups, NIV intolerance score, SAS score and VAS
were significantly decreased after the infusion of butor-
phanol or propofol (all P < 0.05). Between the groups,
there was no significant difference in NIV intolerance
score, SAS score and VAS at baseline, 1 hour, 6 hour,

12 hour and 24 hour during continuous intravenous infu-
sion of butorphanol or propofol (all P > 0.05) (Figure 2).

Changes in Respiratory and
Hemodynamic Parameters Between the 2
Groups

RR reduced and pH level raised gradually during continuous
intravenous infusion of butorphanol and propofol in group
B and group P (P < 0.05). FiO, and PaCO,declinedsignifi-
cantly in the two groups (P <0.05). As to the levels of partial
pressure of oxygen (Pa0,), the comparisons within group
and between groups were similar (P > 0.05). PaO,/FiO,
increased in both group comparisons (P< 0.05), but had no
significant difference between group comparisons (P >
0.05). While HR and mean arterial pressure (MAP) at base-
line were similar between the two groups (P > 0.05), HR
levels of patients were significantly lower in both groups
during continuous intravenous infusion of butorphanol and
propofol compared with baseline (P < 0.05), but the differ-
ence between-group comparisons was not significant (P >
0.05). Patients had lower MAP levels at 1 hour during
continuous intravenous infusion of propofol in group
P compared with group B administered with butorphanol
(P = 0.002). In group P, MAP levels were lower at 1 hour,
6 hour and 12 hour checks during continuous intravenous
infusion of propofol when compared with baseline measure-
ments (P < 0.05). However, the difference in MAP at 1 hour,

201 patients undergoing noninvasive ventilation were
screened between January 2014 and December 2017

83 patients were excluded as they did not meet
the inclusion criteria:

51 not given sedatives during NIV

A

19 treated with butorphanol or propofol in
the past 30 days
13 urgent need for endotracheal intubation

118 patients were divided into two gruops

Y

Allocated to Group B (n=57)

Figure | Patient enrolment flow diagram.

!

Allocated to Group P (n=61)
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Table | Demographic and Baseline Clinical Parameters Between
the Two Groups

Characteristics Group Group P-value
B (n=57) | P(n=6l)
Age (year) 62.1£15.7 58.2£17.8 0.211
Male (n,%) 33(57.9) 39(63.9) 0.501
Body-mass index 23.5%+4.9 24.14£5.2 0.521
APACHE-II 13.9+3.5 14.6+3.8 0.301
SOFA 42+1.7 44x1.6 0.512
Duration of ICU stay (day) | 7.5%2.5 8.313.1 0.127
Reasons for acute 0.906
respiratory failure (n,%)
Pneumonia 34(59.6) 38(62.3)
Acute exacerbation of 12(21.1) 10(16.3)
COPD
Asthma 3(5.3) 5(8.2)
Cardiogenic pulmonary 4(6.6)
edema
Other 3(5.3) 4(6.6)
Source of pain (n, %) 0916
Face pain 12(19.0) 14(19.7)
Chest pain 34(54.0) 37(52.1)
Headache 6(9.5) 5(7.0)
Sore throat 11(17.5) I15(21.1)
Respiratory rate (breaths/ | 30.3%6.1 29.5+6.3 0.485
min)
Heart rate (beats/min) 118.5+28.4 122.7+26.1 0.404
Mean arterial pressure 86.3+17.2 88.5+18.1 0.501
(mmHg)
pH 7.29+0.08 7.30£0.10 0.552
FiO, 0.72 £0.26 | 0.69+0.22 0.499
PaO, (mmHg) 92.5+43.7 96.4+37.8 0.604
PaO,/FiO, (mmHg) 196.4+44.3 | 202.5£55.1 | 0.512
PaCO, (mmHg) 49.9+6.3 48.1%5.7 0.107

6 hour, 12 hour and 24 hour in group B had no statistical
significance (P > 0.05) (Table 2).

Administration of Midazolam, Fentanyl
and Haloperidol as Needed

The difference in the need of infusion of midazolam was
not significant between group B and group P (44 vs 48,
patients administered > 1 dose, P = 0.845; 1.95+£0.20 vs
1.98+0.19, doses/24hr, P = 0.896; 1.67+0.17 vs 1.77+0.17
total amount, mg, P = 0.667). And the difference in the
need of haloperidol infusion as needed was similar

between group B and group P (3 vs 5, patients adminis-
tered >1 dose, P = 0.526; 0 (0-0) vs 0 (0-0), doses/24hr,
P =0.512; 0(0-0) vs 0 (0-0) total amount, mg, P = 0.520).
In group B, however, number of patients administered
fentanyl, doses and total amount of fentanyl as needed in
24 hours were less for group P (4 vs 49, patients adminis-
tered >1 dose, P < 0.001; 0 (0-0) vs 150 (50-200), doses/
24hr, P < 0.001; 0 (0-0) vs 3 (1-4) total amount, mg, P <
0.001) (Table 3).

Adverse Events

In this study, 15.8% (9 of 57) of patients in group B and
42.6% (26 of 61) of patients in group P suffered from one
or more adverse events and, concerning the severity of
these adverse events, most of them were mild or moderate
(P =0.001). The frequency of hypotension and hypovole-
mia has significant differences between group B and group
P [2 (22.2%) vs 16 (61.6%), hypotension, P = 0.042; 1
(11.1%) vs 13 (50.0%), hypovolemia, P = 0.040]. But
there were no significant differences in other adverse
events between group B and group P [4 (44.4%) vs 6
(23.1%), vomiting, P = 0.211; 3 (33.3%) vs 9 (34.6%),
tachycardia, P = 0.944; 2 (22.2%) vs 2 (7.7%), bradycar-
dia, P =0.238; 0 (0%) vs 1 (3.8%), shivering, P = 0.551].
Patients who were administered haloperidol in group
B and group P did not manifest depression, extrapyramidal
syndromes, rigidity and QT prolongation. No one devel-
oped withdrawal symptoms when butorphanol was discon-
tinued in group B.

Discussion

This research compared the effects of butorphanol with
propofol for treating agitated patients undergoing NIV.
The main findings in our study are as follows. First, con-
tinuous intravenous infusion of butorphanol resulted in the
same effect of sedation as propofol after NIV initiation.
Second, compared with propofol, both sedation and
analgesia were induced by butorphanol. Third, continuous
intravenous infusion of butorphanol led to a stabler state of
hemodynamics and less adverse events.

During NIV, patients’ intolerance, agitation or refusal
could be considered frequent contributors to patient-
ventilator asynchrony, which could also result in disconti-
nuation of NIV and cause an increased rate in the
unplanned requirement for endotracheal intubation.
Research conducted by Carlucci et al indicated the with-
drawal percentage of NIV for the refusal of patients was

more than 20%.>' On average, about 100 patients with
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Figure 2 Comparison of NIV intolerance score (A), Sedation-Agitation Scale (SAS) score (B) and visual analog scale (VAS) (C) between the two groups. *P < 0.05 versus

baseline.

ARF suffered from NIV every year in the ICU of our
hospital, NIV failure happened among some of them
because of anxiety, agitation and delirium associated with
intolerance of the mask and even claustrophobia. The
patient’s ability to cooperate and synchronize to the venti-
lator during NIV determined the success of NIV.” Hence,
in order to improve the success of NIV, it is important for
clinicians to assess the efficiency of NIV, and improve the
comfort level and patient-ventilator harmonization in
patients undergoing NIV.

Appropriate depth of sedation is necessary to eliminate
anxiety and fear, increase compliance and tolerance of
NIV, prevent patient-ventilator asynchrony and decrease
work and oxygen consumption of respiratory muscles
without respiratory depression. It is reported that benzo-
diazepines, propofol and opiates are the most often admi-
in ICU® A
medication, Propofol could lead to a lower level of con-

nistered sedative agents short-acting
sciousness and eliminate memory of events.””> The usage
of propofol includes the inducing and maintenance for
general anesthesia and procedural sedation in patients
undergoing mechanical ventilation. A synthetic agonist-

antagonist opioid analgesic, butorphanol exerts the effects

of analgesia and sedation through agonising kappa opiate
receptors without dependence.’'' We compared butorpha-
nol and propofol in the investigation.

It is recognized that excess sedation will result in lots
of complications including delirium, hemodynamic
instability and enhance the incidence of intubation and
mortality in patients suffering from ARF. Therefore,
excess sedation was avoided in our study and all patients
in the study fulfilled the criteria including the NIV intol-
erance score of no more than 2, the SAS score of no more
than 5 and the VAS score of no more than 5, experiencing
adequate sedation with analgesia, it was interesting that we
found patients in group B were administered fewer doses
and amount of fentanyl than group P [0 (0-0) ug vs 150
(50-200) pg, P < 0.005], it was obvious that the analgesia
of butorphanol was better than propofol. In addition, there
was no significant difference in the need of infusion mid-
azolam and haloperidol between group B and group P (all
P > 0.05), so we inferred that butorphanol could cause the
same effect of sedation as propofol in patients suffering
from ARF with treatment of NIV. As was mentioned
above, the sedative effect of butorphanol is related to
agonising kappa opiate receptors.”® The same sedative
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Table 2 Comparison of Respiratory and Hemodynamic Parameters Between the Two Groups

Parameters Time (Hour) Group B (n=57) Group P (n=61) P -value®
Respiratory rate (breaths/min) Baseline 30.3+6.1 29.5+6.3 0.485
| 25.3£8.4* 24.6+7.8*% 0.640
6 23.7£5.9% 24.6+4.8% 0.364
12 22.2+5.0% 21.7£3.9% 0.544
24 20.1£6.4* 21.3+4.4% 0.235
pH Baseline 7.29+0.08 7.30£0.10 0.552
| 7.33£0.09* 7.32+0.09* 0.548
6 7.37+0.08* 7.38+0.11* 0.576
12 7.39£0.09* 7.38+0.10% 0.570
24 7.41£0.06* 7.40£0.06* 0.367
FiO, Baseline 0.72 +0.26 0.69+0.22 0.499
| 0.48+0.23* 0.50+0.19* 0.607
6 0.45£0.21% 0.46+0.18* 0.781
12 0.42+0.16* 0.41£0.17* 0.743
24 0.40£0.12* 0.42+0.1 I* 0.347
PaO, (mmHg) Baseline 92.5+43.7 96.+37.8 0.604
| 97.8+41.4 95.7+40.2 0.780
6 99.3+£38.7 97.6+41.4 0.818
12 98.5+40.1 99.2439.7 0.924
24 96.9£39.9 94.6+40.4 0.756
PaO,/FiO, (mmHg) Baseline 196.4+44.3 202.5£55.1 0.512
| 240.3+53.2% 238.6+51.5% 0.828
6 255.6+43.9% 260.1+47.6* 0.595
12 282.1£55.7% 279.4+60.2% 0.801
24 289.5+47.9% 282.1£51.4* 0.421
PaCO, (mmHg) Baseline 49.9+6.3 48.1£5.7 0.107
| 46.1£7.2% 44.9+5.3% 0.307
6 41.5£5.9% 40.2+6.8* 0.269
12 39.8+6.4* 38.17.1* 0.176
24 33.6+7.5% 34.7+6.8* 0.405
Heart rate (beats/min) Baseline 118.5+28.4 122.7+26.1 0.404
| 105.6x19.7* 110.9+17.2% 0.122
6 103.8+15.6* 106.5+16.3* 0.361
12 99.7£14.9*% 98.3%15.2% 0.615
24 92.9£13.5% 96.3%14.1* 0.184
Mean arterial pressure (mmHg) Baseline 86.3£17.2 88.5%18.1 0.501
| 85.6+14.5 76.1£18.3* 0.002
6 81.4+15.3 78.9£19.4*% 0.441
12 83.7+20.2 79.7£22.1% 0.306
24 84.2+19.6 81.8+21.5 0.527

Notes: “Between-group comparison. *P < 0.05 versus baseline.

effect of butorphanol in patients who underwent dental
operations and laparoscopic surgery for ectopic pregnancy
were reported.?’*®

Compared with propofol, butorphanol did not exacer-

bate hemodynamic stability in patients with NIV. Patients

in group P showed less MAP than group B at 1 hour after
sedation, but there were no significant differences in MAP
at 6 hour, 12 hour and 24 hour times between the two
groups when patients in group P were administered fluid
therapy during sedation. This indicated that patients in
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Table 3 Comparison of Medication Use During Period of the
First 24h After Initiation of NIV Between the Two Groups

Characteristics Group B Group P p-value
(n=57) (n=6l)

Midazolam (as needed)

Patients administered 44 48 0.845
2| dose

Doses/24hr 1.95+0.20 1.98+0.19 0.896

Total amount, mg 1.67+0.17 1.77+0.17 0.667
Fentanyl (as needed)

Patients administered 4 49 <0.001
2| dose

Total amount, pg 0(0-0) 150(50-200) | <0.001

Doses/24hr 0(0-0) 3(14) <0.001
Haloperidol (as needed)

Patients administered 3 5 0.526
2| dose

Total amount, mg 0(0-0) 0(0-0) 0512

Doses/24hr 0(0-0) 0(0-0) 0.520

group P suffered from hypovolemia and even hypotension.
Therefore, although a previous study showed that hypoten-
sion or hypertension was caused by butorphanol,”® we did
not find this phenomenon in the study. It is concluded that
butorphanol is better than propofol in maintaining hemo-
dynamic stability in ARF patients undergoing NIV.
Between-group comparisons, however, there were not sig-
nificant differences in RR, PaCO,, and PaO,/FiO,, during
continuous intravenous infusion of butorphanol and pro-
pofol (P > 0.05). Therefore, the results showed that both
butorphanol and propofol could reduce oxygen consump-
tion and improve oxygenation in ARF patients undergoing
NIV. Previous studies found that sedative and opioid
analgesic agents could release pain, anxiety and delirium,
and improve intolerance of NIV and difficulty synchroniz-
ing with the ventilator,>® which could contribute to less
oxygen consumption and improved oxygenation in ARF
patients undergoing NIV.

Although sedative and opioid analgesic agents shave
effects of sedation and play a necessary role during the
wider treatment of agitation, pain and delirium,>*>' The
adverse events of sedatives and opioid analgesic agents
are common during the clinical practice, such as vomit-
ing, hypotension, tachycardia, bradycardia and so on.*? In
our study, the percentage of patients who suffered from
one or more adverse events in group B was lower than in
group P [15.8% (9 of 57) vs 42.6% (26 of 61)].
Concerning the severity of these adverse events, most of

them were mild or moderate (P = 0.001). The frequency
of hypotension and hypovolemia has significant differ-
ences between group B and group P (P = 0.042 and
0.040). Compared with benzodiazepine in fusions, the
use of continuous propofol infusion was related to
and of mechanical

decreased mortality, length

ventilation,”® however, the disadvantages of propofol
were common during infusions.***> Some adverse events
such as vomiting, shivering, tachycardia and bradycardia
were observed in our study and might be related to NIV
and reasons for ARF,3 ® and there were no serious adverse
events which were regarded to be associated to the study
medication in our study.

Our study, however, has several limitations. First, the
sample size of this study is small, so it might not reflect
the results of the general population completely. Second,
because this is a prospective non-randomised compara-
tive study, selection bias is unavoidable in this study.
Third, the investigation was performed in a single-
center, which was proficient in the administration of
sedative and analgesia drugs and NIV treatment in
patients undergoing ARF. Therefore, the indications for
sedation and/or analgesia should be considered accord-
ing to the proficiency in every center. In order to further
understand the relationship between adverse events and
sedative and analgesia drugs, a larger prospective ran-
domised controlled study is needed.

Conclusions

In this prospective non-randomised comparative study,
when comparing infusion of butorphanol to propofol infu-
sion for sedation in patients with ARF undergoing noninva-
sive ventilation during the first 24 hours, both agents were
found to cause the sedative effect and improve synchroniza-
tion with the ventilator. Patients infused with butorphanol
were administered markedly fewer analgesics to keep ade-
quate sedation, analgesia and synchronization with the ven-
tilator and experienced stabler hemodynamic stability.

Data Sharing Statement

We declare that all relevant raw data and materials
described in the manuscript will be freely available
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commercial purposes, without breaching participant con-
fidentiality. This study maintained patient data confidenti-
ality in accordance with the ethical standers of the
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