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ABSTRACT

Introduction: Pain management for older
patients with hip fractures is challenging. This
study aimed to investigate the effect of ultra-
sound-guided fascia iliac compartment block
(UGFICB) using different doses of nalbuphine in

Fengyi Huang, Haitao Qian, Fei Gao, and Jianghu Chen
contributed equally to this work.

F. Huang - H. Qian - F. Gao - J. Chen - T. Zheng -
C. Gong - P. Ye - X. Zheng (X))

Department of Anesthesiology, Shengli Clinical
Medical College of Fujian Medical University, Fujian
Provincial Hospital, No. 134 Dong Street, Fuzhou
350001, Fujian, China

e-mail: zhengxiaochun7766@163.com

G. Zhang - Y. Liu

Department of Anesthesiology, Quanzhou
Orthopedic-Traumatological Hospital, Quanzhou,
China

Y. Chen
Department of Anesthesiology, Longyan People’s
Hospital, Longyan, Fujian, China

X. Lin
Department of Anesthesiology, The Affiliated
Hospital of Putian College, Putian, China

combination with ropivacaine on preoperative
analgesia in older patients with hip fractures.

Methods: In this multicenter randomized con-
trolled trial, 280 elderly patients with hip frac-
ture were randomly allocated into four UGFICB
groups (n =70 in each group): a ropivacaine
group (30 mL 0.1% ropivacaine + 0.9% normal
saline) and three ropivacaine plus nalbuphine
groups (5, 10, and 20 mg nalbuphine, respec-
tively). The primary outcomes were the dura-
tion of analgesia at rest and on passive
movement. Secondary outcomes included sen-
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sory block area, side effects, and vital signs. The
doses of rescue analgesia with parecoxib sodium
were also analyzed.

Results: The addition of nalbuphine dose-de-
pendently increased the duration of analgesia at
rest and on passive movement (P < 0.05) and
expanded the area of sensory block (P < 0.05).
Compared with the ropivacaine group, the pain
scores at rest and on movement at 6 and 8 h
after the block were lower in three ropivacaine
plus nalbuphine groups (P < 0.05), without
between-group differences at 2, 4, and 12 h. The
four groups had comparable side effects (nausea
and vomiting) and vital signs (P > 0.05).
Conclusions: UGFICB with 5, 10, and 20 mg
nalbuphine added to ropivacaine prolonged the
analgesia duration, increased sensory block
area, reduced pain, and decreased the doses of
rescue parecoxib sodium for older patients after
hip fracture, without obvious side effects.
Among these three doses, nalbuphine 20 mg in
combination with ropivacaine provided the
longest duration of analgesia and the largest
sensory block area.

Trial Registration: Chinese Clinical Trial Reg-
istry (ChiCTR2000029934).

Keywords: Nalbuphine; Ropivacaine; Fascia
iliac compartment block; Preoperative; Hip
fracture
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Key Summary Points

In 2000, there were approximately 1.6
million people with hip fractures
worldwide, and that number is expected
to be 6.3 million by the year 2050.
Patients with hip fractures often
experience severe preoperative pain.
Inadequate pain control leads to an
increased risk of postoperative
complications and delayed recovery after
surgery.

The aim of our study was to investigate the
efficacy of different doses of nalbuphine
adjunct to ropivacaine for ultrasound-
guided fascia iliac compartment block
(UGFICB) on preoperative analgesia in
older patients with hip fractures. We
hypothesized that UGFICB with a higher
dose of nalbuphine in combination with
ropivacaine would provide the most
effective pain relief with a long duration
of analgesia and a favorable safety profile
in these patients.

UGFICB with §, 10, and 20 mg nalbuphine
added to ropivacaine prolonged the
analgesia duration, increased sensory
block area, reduced pain, and decreased
the doses of rescue parecoxib sodium for
older patients after hip fracture, without
obvious side effects. Among these three
doses, nalbuphine 20 mg in combination
with ropivacaine provides the longest
duration of analgesia and the largest
sensory block area.

INTRODUCTION

Hip fracture surgery is one of the most com-
monly performed surgical procedures in older
patients. In 2000, there were approximately 1.6
million hip fracture surgeries worldwide, and
that number is expected to be 6.3 million by the
year 2050 [1]. Patients with hip fractures often
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experience severe preoperative pain. Inadequate
pain control leads to an increased risk of post-
operative complications and delayed recovery
after surgery [2]. Opioids are effective intra-
venous anesthetics for patients undergoing
surgery. However, the use of opioids is associ-
ated with opioid-related complications [3], such
as oversedation, nausea, vomiting, urinary
retention, and respiratory depression [4].

Nerve block techniques are widely performed
for analgesia during the perioperative course.
The implementation of nerve blocks helps to
reduce opioid consumption and improve pain
management after surgery [5]. Ultrasound-gui-
ded fascia iliac compartment block (UGFICB) is
a technique that blocks several nerves (femoral
nerve, lateral femoral cutaneous nerve, and
obturator nerve), providing good analgesic
effects in patients with hip fractures [6]. Studies
showed that the use of UGFICB relieved preop-
erative pain and reduced the need for opioids
[7, 8]. However, a notable shortcoming of
UGFICB is the short analgesic duration of local
anesthetics, which may not provide sufficient
analgesia from the time of surgical ward
admission to operation. Adjuvants such as
dexmedetomidine, dexamethasone, clonidine,
and fentanyl have been applied in combination
with local anesthetics to prolong the duration
of analgesia [9-12].

Recently, using adjuvants combined with
local anesthetics to improve analgesia has
become an interest of research in nerve blocks
[13]. Nalbuphine, an opioid agonist-antagonist,
has been used as an adjuvant to local anes-
thetics for intrathecal block [14] and brachial
plexus block. Kalika et al. found that brachial
plexus block with nalbuphine adjunct to ropi-
vacaine prolonged the duration of sensory block
and motor block compared with ropivacaine
alone [15]. Additionally, nalbuphine combined
with local anesthetics was associated with fewer
adverse events such as respiratory depression
and pruritus. However, there is no report on
UGFICB with ropivacaine and nalbuphine for
preoperative analgesia. Whether this combina-
tion prolongs the duration of analgesia of
UGFICB in hip fracture surgery, as well as the
optimal dose of nalbuphine, remains unclear.

Therefore, the aim of our study was to
investigate the efficacy of different doses of
nalbuphine adjunct to ropivacaine for UGFICB
on preoperative analgesia in older patients with
hip fractures. We hypothesized that UGFICB
with a higher dose of nalbuphine in combina-
tion with ropivacaine would provide the most
effective pain relief with a long duration of
analgesia and a favorable safety profile in these
patients.

METHODS

Study Patients

This is a multicenter, triple-blinded, random-
ized, controlled trial conducted in ten hospitals
in Fujian, China. We initially planned to recruit
patients in 12 hospitals. Two hospitals did not
participate in this study owing to limited man-
power, leaving ten hospitals. The trial protocol
was approved by the ethics committee of Fujian
Provincial Hospital (approval no. K2019-05-
002), and approved by all participating hospi-
tals: the ethics committee of Min Dong Hosptial
of Ningde (approval no. 1209-17), the Ethics
Committee of Ningde Municipal Hospital of
Ningde Normal University (approval no.
1209-17), the ethics committee of Quanzhou
Orthopedic-Traumatological Hospital , the eth-
ics committee of Longyan People’s Hospital, the
ethics committee of the Affiliated Hospital of
Putian College, the ethics committee of
Zhengxing Hospital of Zhangzhou, the ethics
committee of the Second Affiliated Hospital of
Fujian University of Traditional Chinese Medi-
cine, the ethics committee of Normal Univer-
sity, the First Hospital of Quanzhou, and the
ethics committee of the Second Affiliated
Hospital of Fujian Medical University. Written
informed consent was obtained from each
patient or their next of kin. This study was
conducted in accordance with the Declaration
of Helsinki. This trial was prospectively regis-
tered at the Chinese Clinical Trial Registry
(registration no. ChiCTR2000029934).

We enrolled older patients (aged 65—
835 years) with hip fracture who were scheduled
for surgery with the American Society of
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Anesthesiologists (ASA) classification I-III and
had a body mass index of 18.5-30 kg/m?. We
excluded patients with chronic pain, preopera-
tive opioid use within the preoperative 24 h,
allergy to ropivacaine or nalbuphine, blood
coagulation abnormality, infection at the
puncture site, severe systemic diseases, and
refusal to participate. A total of 280 patients
were randomly allocated into four study groups
(n =70 in each group): the ropivacaine group
(the R group, 30 mL 0.1% ropivacaine + 0.9%
normal saline), the ropivacaine and low-dose
nalbuphine group (the R + LN group, 30 mL
0.1% ropivacaine + 5 mg nalbuphine), the
ropivacaine and medium-dose nalbuphine
group (the R + MN group, 30 mL 0.1% ropiva-
caine + 10 mg nalbuphine), and the ropiva-
caine and high-dose nalbuphine group (the
R+HN group, 30mL 0.1%  ropiva-
caine + 20 mg nalbuphine).

Randomization and Blinding

Patients were randomized with an allocation
ratio of 1:1:1:1 using computer-generated ran-
dom numbers. The grouped results were con-
cealed in sealed envelopes and kept by the
research coordinator. A research assistant pre-
pared the study medications according to the
randomization results. The operators who per-
formed UGFICB, data collectors, and the
patients were all blinded to group assignment
throughout the study.

UGFICB Procedure

After entering the treatment room in the sur-
gical ward, patients received supplementary
oxygen (3 L/min) via a nasal catheter. Blood
pressure, electrocardiograph (ECG), and pulse
oxygen saturation (SpO;) were monitored.
Patients were in supine position with hip
abduction. Ultrasonography was performed
using a portable color ultrasound device (EDGE,
Sonosite) with a 6-13 MHz high-frequency
probe. The UGFICB was performed using an
inferior-inguinal approach. The area between
the anterior-superior spine and symphysis was
divided equally into three parts. The ultrasound

e
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Fig. 1 Ultrasound image of UGFICB

probe was placed at the middle and lateral part
parallel to the inguinal ligament to identify the
femoral artery and femoral nerve. The needle
was inserted in-plane from the lateral site to the
fascia iliaca at the junction of the sartorius and
iliacus muscles (Fig. 1). If there was no blood
and gas during syringe aspiration, 2 mL normal
saline was injected. After a good diffusion was
observed, the study medications were slowly
injected under visualization using ultrasonog-
raphy. After UGFICB, the patients returned to
their surgical ward.

Sensory Block Area

At 30min after administration of the study
medication, cold stimulation with an ice cube
was used to test the sensation in the block area
(the upper boundary was the inguinal ligament;
the lower boundary was two fingers above the
lower edge of patella; the medial boundary was
the longitudinal line of medial femoral condyle;
and the lateral boundary was the longitudinal
of lateral femoral condyle). Dichotomy [16]
(successful nerve block, effective/failed nerve
block, ineffective) was applied to assess the level
of sensation in the skin. Successful block was
defined as lost or significantly decreased sensa-
tion to cold stimulation. Failed block was
defined as normal sensation to cold stimula-
tion. A transparent plastic film was used to draw
a map of block area. Then, the block area (cm?)
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was calculated using the Eloam S1500A2
(Shenzhen Liang tian Technology Co., Ltd) and
Adobe Photoshop CC2017 (Adobe System, San
Jose, California, USA). The block area at 2 h after
UGFICB was used as reference (100%), and the
percentage of block area at later study time-
points was calculated.

Study Variables

Patient characteristics included age, gender,
weight, height, body mass index (BMI), ASA
status, comorbidities, fracture type, and time
interval from the injury to nerve block. Visual
analog scale (VAS, 0-10; 0 = no pain, 10 = the
worst pain) was used to evaluate the pain
intensity. Duration of analgesia at rest was
defined as the time interval from the block to
VAS pain scores at rest > 3. Pain on passive
movement was assessed every hour after the
block when the injured lower limb was elevated
by 15°. Duration of analgesia on passive move-
ment was defined as the time interval from the
block to VAS pain scores on movement > 3.
Rescue analgesia with 40 mg parecoxib sodium
was administered intravenously for treatment
of pain scores at rest > 3. No other analgesics
were used throughout this study. The VAS pain
scores were recorded at 2, 4, 6, 8, and 12 h after
the block. Sensory block area was measured at
2h and 8 h after the block. Heart rate (HR),
mean artery blood pressure (MAP), and SpO,
were recorded at 0, 10, 30, 60, and 120 min after
the block. Side effects including nausea and
vomiting were also recorded.

Statistical Analysis

The sample size calculation was based on the
hypothesis that 10 mg nalbuphine as an adju-
vant to ropivacaine for UGFICB could prolong
the analgesia duration. Our pilot observation
showed that the analgesia duration on passive
movement was 6.8 £ 2.8 h in the R group,
7.9 £ 3.0 h in the R + LN group, 8.6 £ 3.3 h in
the R + MN, and 9.8 + 3.8 h in the R + HN
group. It was hypothesized that the addition of
10 mg nalbuphine could prolong the analgesia
duration on passive movement by about 25%.

Thus, 62 patients were needed in each group
with « = 0.05 (two-tailed) and power = 0.9. To
account for a 10% drop-out rate, the total
sample size was 280 participants (n = 70 in each
group). The sample size calculation was per-
formed using the PASS software (version 15.0,
NCSS, Kaysville, UT, USA).

Statistical analyses were performed using the
SPSS software (version 23.0). Categorical data
are presented as numbers (percentages) and
were analyzed with Pearson chi-square test or
Fisher exact test. Continue variable data are
presented as mean + standard deviation or
median (interquartile range) depending on dis-
tributions and were analyzed with one-way
analysis of variance (ANOVA) if normally dis-
tributed or Kruskal-Wallis test if not normally
distributed. A two-sided P < 0.05 was consid-
ered statistically significant.

RESULTS

A total of 312 older patients with hip fractures
were assessed for eligibility. Of these, 32
patients were excluded due to refusal for par-
ticipation and not meeting the eligibility crite-
ria. Thus, 280 older patients were randomly
assigned into four groups (Fig. 2). There were no
differences in patient demographics and pre-
operative comorbidities among the four groups
(P > 0.05, Table 1).

Compared with ropivacaine alone, the addi-
tion of nalbuphine to ropivacaine dose-depen-
dently prolonged the analgesia duration at rest
(R group, 7.7+£14h; R+ LN group,
8.8+ 1.1h; R+ MN group, 102+ 1.1h;
R + HN group, 11.2 £ 1.4 h) and on passive
movement (R group, 6.2 £ 1.0 h; R + LN group,
74+ 1.0h; R+ MN group, 83+ 1.2h;
R + HN group, 9.5 £+ 1.1 h) (Table 2).

The VAS pain scores at rest and on move-
ment were significantly lower at 6 and 8 h after
UGFICB in the R + LN, R + MN, and R + HN
groups than in the R group. In addition, the
R + HN group had the lowest VAS pain scores
both at rest and on movement (P < 0.05,
Table 3; P < 0.05; Table 4). There were no sig-
nificant differences in pain scores at 2, 4, and
12 h after the blocks among the three groups.
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Assessed for eligibility (n=312)

Excluded (n=32)
1.Age > 85 years old (10)

2.BMI < 18.5kg/m%(6)

Randomized (n= 280 )

2.Declined to participate(16)

|

Allocated to Allocated to
R (n=70) R+LN (n=70)
|| Withdrew || Withdrew

consent (n=4) consent(n=2)

Completed
follow-up (n=66)

Completed
follow-up (n=68)

Analyzed (n=66) Analyzed (n=68)

Fig. 2 Flowchart of the study. Group R: 30 mL 0.1%
ropivacaine and 2mL 0.9% normal saline; Group
R+ LN: 30mL 0.1% ropivacaine and 5 mg (2 mL
0.25%) nalbuphine; Group R + MN: 30mL 0.1%

The area of sensory block was 100% in four
groups at 2h after UGFICB. Compared with
ropivacaine alone, nalbuphine added to ropi-
vacaine increased the percentage of sensory
block area at 4h after UGFICB (R group,
28.3 £58%; R+ LN group, 50.5 =+ 5.2%;
R + MN group, 67.7 + 5.3%; R + HN group,
81.8 £ 4.7%) (Table 5). The percentage of sen-
sory block area in the R + HN group was larger
than in the other groups. The percentage of
sensory block area in the R + MN and R + HN
groups was larger than in the R and R + LN
groups (Table 5).

There were no differences in the incidence of
nausea and vomiting among the four groups
(P > 0.05, Table 6). None of the patients in this
study developed respiratory depression or pru-
ritus. Besides, the values of HR, MAP, and SpO,
were comparable during the study period
among the four groups (P > 0.05, Figs. 3, 4, 5).

Allocated to Allocated to
R+MN (n=70) R+HN (n=70)
Withdrew N Withdrew

consent (n=1) consent(n=5)

Completed
follow-up (n=69)

Completed
follow-up (n=65)

Analyzed (n=69) Analyzed (n=65)

ropivacaine and 10 mg (2 mL 0.5%) nalbuphine; Group
R + HN: 30 mL 0.1% ropivacaine and 20 mg (2 mL 1%)
nalbuphine

DISCUSSION

The results of this study suggested that 5, 10,
and 20 mg nalbuphine added to ropivacaine
prolonged the analgesia duration, decreased the
rescue parecoxib sodium doses, and increased
the sensory block area compared with UGFICB
using ropivacaine alone. Of these three doses,
20 mg nalbuphine was associated with the
longest analgesia duration at rest and on passive
movement and the largest sensory block area.

The VAS pain scores were measured at 2, 4, 6,
8, and 12 h after the block. The vital signs were
recorded at 0, 10, 30, 60, and 120 min after the
block. We only recorded the vital signs in the
early postprocedure period. Overall, the
patients in all groups had satisfactory pain relief
at 2 h after the block, with a median VAS pain
score of O both at rest and on movement. Of
note, nalbuphine as an adjuvant to ropivacaine
in UGFICB did not increase the incidence of
side effects or influence vital signs in older
patients with hip fractures.
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Table 1 Patient demographic characteristics among the four groups

Variable Group R Group R + LN Group R + MN  Group R + HN P value
(n = 66) (n = 68) (n = 69) (n = 65)

Age 767 £ 62 762 £ 6.1 75.1 £ 5.7 769 £ 5.6 0.12

Sex (male/female) 28/38 29/39 33/36 31/34 0.86

BMI (kg/m?) 22431 231+ 34 25 + 36 228 + 34 0.35

ASA status (I-II/III) 26/40 25/43 31/38 29/36 0.72

Type of fracture (neck of femur/  29/37 32/36 38/31 30/35 0.59
intertrochanteric)

Time interval from the injury to 5.9 £ 1.5 63+ 12 6.0+ 12 63+ 1.3 0.16
nerve block (h)

Preoperative comorbidities (number, %)
Hypertension 31 (47.0) 37 (544) 31 (44.9) 32 (49.2) 0.71
Coronary heart disease 12 (182) 14 (20.6) 9 (13.0) 12 (18.5) 0.69
Diabetes mellitus 13 (19.7) 7 (10.3) 11 (15.9) 8 (12.3) 0.43
COPD 5 (7.6) 7 (103) 9 (13.2) 6(92) 0.76

Data are expressed as mean =+ standard deviation, or number (percentage)
BMI body mass index, 454 American Society of Anesthesiologist, COPD chronic obstructive pulmonary disease

Table 2 Duration of analgesia among the four groups

Group R Group R + LN  Group R + MN Group R + HN P value

(n = 66) (n = 68) (n = 69) (n = 65)
Analgesia duration at rest (h) 7.7 £ 14 88 &+ L1° 102 + 1.1° 112 + 1.4° P < 0.05
Analgesia duration on passive 6.2 £ 1.0 7.4 £+ 1.0° 83 + 1.2° 9.5 + 1.1° P < 0.05

movement (h)

Data are expressed as mean =+ standard deviation

P* < 0.05 (group R + LN versus group R), P° < 0.05 (group R + MN versus group R + LN), P < 0.05 (group

R + HN versus group R + MN)

Fascia iliac compartment is a potential
compartment that consists of fascia iliac, iliop-
soas, and iliopsoas fascia. Several nerves,
including formal nerve, lateral femoral cuta-
neous nerve, and obturator nerve, are located in
the fascia iliac compartment. During fascia iliac
compartment blocks, a sufficient volume of
local anesthetics is generally needed with dif-
tusing of the medications in the fascia iliac
compartment. Fascia iliac compartment block
was proposed by Dalens etal. in 1989 [17].

However, the failure rate was high in early fascia
iliac compartment blocks using a landmark-
guided technique [18, 19]. With the increasing
use of the ultrasound technique, the successful
rate of fascia iliac compartment has improved,
and UGFICB is associated with significantly
reduced rates of nerve injury and local anes-
thetic toxicity [20-22]. Hence, UGFICB proce-
dures have been widely applied in patients
undergoing lower limb surgery [23, 24].
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Table 3 VAS scores at rest after UGFICB in the four groups and rescue parecoxib sodium dose

Time after Group R Group R + LN Group R + MN Group R + HN P value

UGFICB (n = 66) (n = 68) (m = 69) (n = 65)

2h 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0.65

4h 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0.47

6h 2 (2-2) 2 (1-2)° 1(1-1)° 1 (1-1) P <0.05

8h 3 (2-3) 3 (2-3)° 1(1-2)° 1 (1-1)° P <005

12h 3 (3-3) 3 (3-3) 3 (2-3) 3 (2-3) 0.79

Parecoxib sodium 437 &+ 164 347 &+ 13.7° 267 + 19.0° 252 + 19.0 P <0.05
(mg)

Data are expressed as median (interquartile range) or mean £ standard deviation
P* < 0.05 (group R + LN versus group R), P’ <005 (group R + MN versus group R + LN), P < 0.05 (group

R + HN versus group R + MN)

Ropivacaine, a long-acting amino amide
local anesthetic, is widely used in nerve blocks.
Ropivacaine causes less cardiac toxicity and a
higher safety margin compared with bupiva-
caine [25]. For these reasons, ropivacaine was
selected for UGFICB in our study. Studies
showed that nerve blocks with 0.1% ropiva-
caine exerted a good analgesic action of sensory
block without motor block [26-28]. Fascia iliac
compartment block with 30 mL 0.1% ropiva-
caine has been reported to block all nerves in
the fascia iliac compartment. In our study, a low
concentration of 0.1% ropivacaine 30 mL was
applied with or without the addition of nal-
buphine. The relatively short duration of anal-
gesia after a single injection of ropivacaine is a
major limitation of UGFICB.

Nalbuphine is an opioid agent with p
antagonist and k agonist properties. Studies
have shown that opioids as an adjuvant
improved the analgesic effects of local anes-
thetics [29, 30]. In this study, we found that
UGFICB with ropivacaine plus nalbuphine pro-
longed the analgesia duration at rest and on
passive movement, which is consistent with
previous reports [15]. Furthermore, to investi-
gate whether nalbuphine added to ropivacaine
would result in a dose-dependent analgesic
effect, we selected three dosages of nalbuphine:
S5mg (0.1%), 10mg (0.5%), and 20 mg (1%).
The results of this study demonstrated that

20 mg nalbuphine exerted a longer analgesia
duration than the other groups without side
effects. Besides that, the R + HN group had the
lowest VAS pain score at rest and on movement,
which suggested that nalbuphine added to
ropivacaine could alleviate pain intensity in
older patients with hip fractures. There were no
differences in the incidences of nausea and
vomiting among groups, but three patients in
the R + HN group experienced nausea after
surgery and two of them experienced vomiting.
Prior studies have shown that nalbuphine
added to ropivacaine or levobupivacaine pro-
longed the duration of sensory block and motor
block in upper limb surgery [15, 31]. Rao et al.
found that nalbuphine or dexmedetomidine as
an adjuvant to ropivacaine in ultrasound gui-
ded erector spine plane block provided compa-
rable pain control and prolonged sensory block
duration in video-assisted thoracoscopic lobec-
tomy surgery [32]. Consistent with previous
studies, we found that the addition of nal-
buphine prolonged the duration of analgesia
and increased the sensory block area compared
with ropivacaine alone. As the testing of sensory
block area was a preliminary investigation of
this study, we included 20 patients in each
group for this test.

There are some possible mechanisms on the
analgesic effects of opioids in peripheral nerve
blocks. Nalbuphine acts on the opioid receptors
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Table 4 VAS scores on passive movement after UGFICB in the four groups

Time after Group R Group R + LN Group R + MN Group R + HN P value
UGFICB (n = 66) (n = 68) (n = 69) (n = 65)

2h 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0.34

4h 0 (0-1) 0 (0-1) 0 (0-1) 0 (0-1) 0.41

6h 3 (2-3) 2 (2-3)° 2 (2-2)° 2 (1-2)° P < 0.05
8h 4 (3-4) 3 (3-4)" 3 (2-3)° 2 (2-2)° P <0.05
12h 4 (4-4) 4 (3-4) 4 (3-4) 4 (3-4) 0.29

Data are expressed as median (interquartile range)

P* < 0.05 (group R + LN versus group R), P <0.05 (group R + MN versus group R + LN), P° < 0.05 (group

R + HN versus group R + MN)

Table S Percentage of block area at different times after UGFICB among the four groups

Time after Group R Group R + LN Group R + MN Group R + HN P value
UGFICB (n = 20) (n = 20) (n = 20) (n = 20)

2h (%) 100 £ 0 100 £ 0 100 £ 0 100 £ 0

6h (%) 283 £ 5.8 50.5 £ 5.2° 677 £ 53° 81.8 + 4.7 P < 0.05
8h (%) 0 0 259 + 5.7° 38.0 + 3.0° P> <0.05

Data are expressed as mean =+ standard deviation

P* < 0.05 (group R + LN versus group R), P° < 0.05 (group R + MN versus group R + LN), P < 0.05 (group

R + HN versus group R + MN)

Table 6 Side effects of nalbuphine among the four groups

Group R (66) Group R + LN (z = 68) Group R + MN (z = 69) Group R + HN (z = 65) P value

Nausea 0 (0)
0 (0)

0 (0)

Vomit 0 (0)

2 (2.9)
2 (2.9)

3 (4.6)
2 (3.1)

0.09
0.24

Data are expressed as numbers (percentages). P > 0.05

in the spinal cord and peripheral nerves to exert
analgesic effects. Nalbuphine inhibits the
release of neurotransmitters, such as substance
P, through activating « receptors, thus provid-
ing a prolonged analgesic effect. Further, opi-
oids may enhance the duration of analgesia of
local anesthetics via synergistic effects with
local anesthetics [33]. Opioids inhibit the tran-
sition of signal along the nerves by blocking

Ca®" channels and activating inward K™ chan-
nels [33]. Lastly, systemic absorption of nal-
buphine also contributes to its analgesic effects
[31]. While these putative mechanisms may
contribute to the analgesic effect, the exact
mechanisms of perineural administration of
nalbuphine are not fully understood, necessi-
tating further studies.
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Fig. 3 Heart rate before and after UGFICB. There were
no differences among the four groups at each time point
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Fig. 4 Mean blood pressure before and after UGFICB.
There were no differences among the four groups at each
time point (P > 0.05)
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Fig. 5 SpO, before and after UGFICB. There were no
differences among the four groups at each timepoint
(P > 0.05)

Nausea and vomiting are the most frequent
side effects of nalbuphine. Our results showed
that there were no differences in nausea and
vomiting among the four groups. To study the
safety of nalbuphine as an adjuvant to ropiva-
caine, vital signs during the study period were

recorded. All patients had stable HR, MAP, and
SpO,, which suggested a high safety profile of
UGFICB with nalbuphine and ropivacaine in
older patients undergoing hip fracture surgery.
Our results are in agreement with a previous
study by Kalika et al. [15].

This study has several limitations. First, we
showed that 20 mg nalbuphine added to ropi-
vacaine had a longer analgesia duration than 5
or 10 mg nalbuphine. Further trials may still be
required for nalbuphine with a dose higher than
20 mg. Second, we did not explore the mecha-
nism of the analgesic effects of nalbuphine,
which may be related to systemic absorption of
the drug. Thus, further studies are needed to
detect the plasma level of nalbuphine. Third, we
tested the sensory block area in 20 patients only
in each group. The limited number of patients
may introduce bias for this outcome. Next, the
VAS pain scores in our patients were measured
for a total of 12 h after the block. This study
would have been even more impactful if the
pain scores were documented for 24 h. Last, this
study was designed to ascertain the effects of
duration of analgesia and different doses of
nalbuphine plus ropivacaine for UGFICB on
preoperative pain relief, and to quantify the
area of sensory block . In theory, optimized
preoperative analgesia contributes to reduction
in preoperative stress response and improve-
ments of patients’ outcomes. However, we did
not measure these variables in the present
clinical trial. Future studies are warranted to
assess the stress responses and longer-term
outcomes in older patients with hip fractures
receiving UGFICB with nalbuphine and
ropivacaine.

CONCLUSION

This study suggests that nalbuphine added to
ropivacaine in UGFICB for older patients with
hip fractures provided better analgesia than
ropivacaine alone. Twenty milligrams of nal-
buphine may be the optimal dose with the
strongest analgesic effects and longest duration
of analgesia.
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