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Continuous Right Thoracic Paravertebral Block Following
Bolus Initiation Reduced Postoperative Pain After

Right-Lobe Hepatectomy
A Randomized, Double-Blind, Placebo-Controlled Trial
Hexiang Chen, MMSc,*† Zhipin Liao, MMSc,* Yan Fang, MD,* Ben Niu, MD,* Amber Chen,‡
Fei Cao, MD, PhD,*‡ Wei Mei, MD, PhD,* and Yuke Tian, MD, PhD*
Background and Objectives: We hypothesized that continuous right
thoracic paravertebral block, following bolus initiation, decreases opioid
consumption after right-lobe hepatectomy in patients receiving patient-
controlled intravenous analgesia with sufentanil.
Methods: Patients undergoing right-lobe hepatectomy with a right tho-
racic paravertebral catheter placed at T7 30 minutes before surgery were
randomly assigned to receive through this catheter either a 10-mL bolus
of 0.2% ropivacaine before emergence, followed by a continuous infusion
of 6 mL/h for 24 hours (PVB group), or saline at the same scheme of admin-
istration (control group). All patients were started on patient-controlled
intravenous analgesia with sufentanil in the postanesthesia care unit. The
primary outcome measure was total sufentanil consumption during the
first 24 postoperative hours. P = 0.05 was considered as significant. For
the multiple comparisons of data at 5 different time points, the P value
for the 0.05 level of significance was adjusted to 0.01.
Results: Sixty-six patients were assessed for eligibility, and a PVB cath-
eter was successfully placed for 48 patients. Data were analyzed on 22 pa-
tients in group PVB and 22 patients in the control group. The cumulative
sufentanil consumption in the PVB group (54.3 ± 12.1 μg) at 24 postoper-
ative hours was more than 20% less than that of the control group (68.1 ±
9.9 μg) (P < 0.001). There was also a significant difference in pain scores
(numerical rating scale) between groups, where the PVB group had lower
scores than did the control group at rest and with coughing for the first
24 hours (P < 0.001).
Conclusions: Continuous right thoracic paravertebral block, following
bolus initiation, has an opioid-sparing effect on sufentanil patient-controlled in-
travenous analgesia for right-lobe hepatectomy patients and reduces nu-
merical rating scale pain scores at rest and with coughing in the first
24 postoperative hours.
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Epidural analgesia has commonly been recommended follow-
ing major upper abdominal surgery in the past,1 but this rec-

ommendation is controversial.2 Hemostatic deficiencies after
hepatectomy may increase the bleeding risk associated with the
use of thoracic epidural analgesia and delay epidural catheter re-
moval.3 Epidural analgesia has been independently associated
with increased risk of blood transfusion and administration of sig-
nificantly greater volumes of intravenous fluid following liver re-
section.3 Balancing the advantages of optimal analgesia against
the risks of current techniques requires additional clinical evi-
dence in patients undergoing hepatectomy.

Paravertebral nerve block (PVB) was first described by
Sellheim of Leipzig in 1905 as an alternative to central neural
blocks for obstetrics, particularly cesarean delivery. Paravertebral
nerve blocks can provide high-quality analgesia for patients under-
going many types of surgery in the thoracic, abdominal, and pelvic
regions and also for those suffering from trauma pain and chronic
pain. The effect of continuous intraoperative and postoperative
paravertebral block after right-lobe hepatectomy has been described
in 2 patients, but the study did not include a control group.4 In this
prospective, double-blind, randomized, placebo-controlled trial, we
tested the hypothesis that continuous thoracic paravertebral block,
following bolus initiation, reduces opioid consumption during the
first 24 hours after right-lobe hepatectomy in patients receiving
patient-controlled intravenous analgesia (PCIA) with sufentanil.
The present study is reported according to the CONSORT (Consol-
idated Standards of Reporting Trials) statement.
METHODS

Patient Recruitment
This is a prospective, randomized, subject- and assessor-

blinded, parallel-group, and placebo-controlled trial comparing a
continuous right thoracic paravertebral block at T7 versus control
group (saline) on postoperative opioid consumption after right-
lobe hepatectomy for hepatocellular carcinoma. According to
our local standards, the indications for all liver resections include
tumor size of 5 to 10 cm; no intrahepatic or distant metastasis; no
tumor thrombus in the portal vein, hepatic vein, vena cava, or bile
duct; no invasion of the diaphragm or surrounding tissues; no rup-
ture or bleeding of the tumor; indocyanine green retention rate at
15 minutes less than 15%; a remnant liver volume/standard liver
volume ratio of greater than 50% in patients with liver cirrhosis
and greater than 35% in patients without liver cirrhosis; Child-
Pugh class A or B liver function, normal bilirubin concentration;
and no previous liver resection. After receiving approval from
the local institute’s ethics committee, registration with Clinical
Trials (NCT01691937), and written informed consent from the
patients, the study was conducted from September 2012 to
February 2013 at Tongji Hospital in Wuhan, China. Patients were
in Medicine • Volume 39, Number 6, November-December 2014
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excluded if any of the following applied: a known allergy to the
drugs being used, coagulopathy, on anticoagulants, analgesic in-
take, history of substance abuse, participation in the investigation
of another experimental agent, inability to properly describe post-
operative pain to investigators (eg, language barrier, neuropsy-
chiatric disorder), or body mass index of 30 kg/m2 or greater or
15 kg/m2 or less. All patients were informed about the postoperative
analgesia routine on the day before surgery and were instructed on
how to express pain intensity with use of the numerical rating
scale (NRS), where 0 indicates no pain, and 10 indicates the most
severe pain. The same surgical team performed all surgical proce-
dures through a subcostal incision.

Randomization
Simple randomization was done by independent research staff

using opaque sealed envelopes, 24 for each group, indicating group
assignment and describing the anesthetic protocol. A right thoracic
paravertebral catheter was placed at the T7 level 30 minutes before
surgery by an experienced senior consultant (W.M.). After confir-
mation of a successful paravertebral block, according to predefined
criteria, patients were randomly assigned to the continuous PVB
group or control group by research staff, and the PVB catheter
was connected to an infusion pump containing either ropivacaine
or normal saline accordingly. The infusion pumps are indistinguish-
able in appearance, and therefore the patients, the intraoperative
caregiver (B.N.), the research staff assessing postoperative out-
comes (H.C.), the acute pain service team, and the surgical team
were blinded to group assignment. Unmasking did not occur until
statistical analysis was complete.

Anesthetic Technique
A preoperative pain score at rest was recorded during the pre-

operative visit. No preoperative medications were administered.
Upon arrival in the operating room, standard monitoring, including
electrocardiography, noninvasive blood pressure, and pulse oxime-
try, was established. Surface electrodes for the Narcotrend Monitor
(version 4.0; MonitorTechnik, Bad Bramstedt, Germany) were ap-
plied to the patient’s forehead, and the Narcotrend index was mon-
itored. After placement of a peripheral venous catheter, a lactated
Ringer’s infusion was started.

Before anesthesia, all patients had continuous right thoracic
paravertebral block at T7 performed under ultrasound guidance
with a SonoSite M-Turbo transportable ultrasound device and
a 38-mm linear 6- to 13-MHz ultrasound transducer (SonoSite
M-Turbo; SonoSite Inc, Bothell,Washington) in the left lateral po-
sition via an in-plane needle insertion approach. Intravenous fen-
tanyl and midazolam were titrated for patient comfort. After
standard skin disinfection, the skin and periosteum of the rib were
anesthetized with 1% lidocaine. The transducer was positioned in
a transverse and partial oblique position to the vertebral column,
parallel to the rib. At a point about 6 cm lateral to the midline, a
prefilled 18-gauge, 10-cm Tuohy needle (PlexoLong Nanoline;
Pajunk Inc, Geisingen, Germany) was inserted and oriented into
the T7 paravertebral space between the internal intercostal mem-
brane and the pleura under the real-time ultrasound guidance as de-
scribed by Renes et al.5 After injection of 5 mL of 0.9% saline, an
open-tip, single-orifice, styletted catheter (PlexoLong Nanoline;
Pajunk Inc) was advanced 3 to 5 cmmedially into the paravertebral
space. After gentle and repeated aspiration, 1% lidocaine 15 mL was
administered via the catheter over a period of at least 60 seconds.
Fifteen minutes after block, sensory assessments were performed
with a pinprick test, and the block level was recorded. The PVB
was considered successful when subjects experienced a decreased
sensation to pinprick in 3 or more adjacent dermatomes corresponding
© 2014 American Society of Regional Anesthesia and Pain Medicine
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to the site of injection.6 Subjects with a successful catheter place-
ment and nerve block onset per protocol were retained in the
study. If the desired block was not achieved, we offered the patient
the choice of reinsertion of the PVB catheter or to be excluded
from the study. The properly located catheters were connected to
a programmable portable, electronic infusion pump immediately
before surgery. A nurse who was not otherwise involved in the
study prepared and released the infusion pump containing blinded
study medication with either 0.2% ropivacaine for the PVB group
or 0.9% saline for the control group. In order to avoid inadvertent
unmasking of allocation, the extent of sensory block was not
tested during the postoperative period.

In both groups, the patient was then turned supine, and gen-
eral anesthesia was induced with fentanyl 3 to 4 μg/kg and
propofol 1.5 to 2 mg/kg. Tracheal intubation was facilitated with
0.6 to 1 mg/kg rocuronium. The patients were mechanically ven-
tilated with oxygen-air mixture maintaining the end-tidal CO2 at
4.5 to 5.0 kPa. Anesthesia was maintained by remifentanil and
sevoflurane to keep the Narcotrend index reading between 40
and 60, and the systolic arterial pressure and heart rate within
±20% of baseline values during the procedure. Atracurium was
administered for muscle relaxation as needed. The patient’s na-
sopharyngeal temperature was maintained between 36°C and
37.5°C by WarmTouch.

All patients received a standard right-lobe hepatectomy for
hepatocellular carcinoma by a J-shaped right subcostal incision.
The J-shaped incision consisted of a right subcostal incision with
a mediocranial extension to the xiphoid process. The right lateral
extension was variable but comprised transection of the oblique
abdominal musculature.7 Twenty minutes before the end of sur-
gery, all patients received 1 to 2 μg/kg fentanyl titration and
tropisetron 2 mg intravenously. At the same time, the PVB group
had a 10-mL bolus of plain 0.2% ropivacaine via the paravertebral
catheter by infusion pump, followed by an infusion of 0.2%
ropivacaine at 6 ml/h. The same volume of 0.9% saline was
injected and infused in the control group by infusion pump. At
the end of surgery, the patient’s trachea was extubated when re-
sponse to verbal commands, spontaneous respiratory rate exceed-
ing 12 breaths/min, and end-tidal carbon dioxide partial pressure
less than 45 mm Hg were observed. They were then transferred
to the postanesthesia care unit (PACU).
Postoperative Care and Pain Assessment
Upon PACU arrival, rest pain was evaluated by nurses using

NRS (0–10) every 10 minutes. All patients received intravenous
sufentanil (2–5 μg) titration at 10-minute intervals for NRS scores
greater than 3 in PACU. Once an NRS score of 3 or less had been
achieved, spontaneously or after a titration of sufentanil, patients
were connected to a patient-controlled analgesia device (BCDB-
200; BCM, Shanghai, China) set to deliver 1 μg sufentanil as an
intravenous bolus with a 10-minute lockout interval and a contin-
uous background infusion of 1 to 2 μg/h and a maximal permitted
dosage of sufentanil 8 μg/h. An acute pain service team was re-
sponsible for maintenance of the PCIA pump according to local
standard. Transition from PACU to surgical ward was considered
safe when the patient had achieved a modified Aldrete score of
greater than over equal to 9 for at least 10 minutes and physiolog-
ical function to near preanesthetic levels.

Pain at rest and on coughing was recorded for each patient
using NRS (0–10) at 1, 4, 8, 16, and 24 hours after PACU dis-
charge by the research staff (H.C.). Rescue opioid with intrave-
nous tramadol was provided by acute pain service team when
needed. Sedation was recorded using Ramsay Sedation Scale. Ex-
cessive sedation was defined as a Ramsay Sedation Scale value of
507
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FIGURE 1. CONSORT patient flow diagram.
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5 or 6 requiring the administration of naloxone. In the presence of
nausea or vomiting, tropisetron 2 mg (maximum dose, 5 mg/d) in-
travenously was given and repeated if nausea persisted. The data
of cumulative dose of sufentanil given postoperatively (titration
and patient-controlled analgesia during the 24-hour observation
period) and PCIA pressing frequency were recorded. Postopera-
tive nausea and vomiting events during the first 24 hours were also
recorded. After 24 hours, patients were asked to rate their overall
satisfaction using an NRS, where 0 represents totally unsatisfied,
and 10 represents completely satisfied. The infusion of
ropivacaine in the PVB group and saline in the control group
was stopped 24 hours after the surgery, and the catheter was re-
moved. The PCIA continued until 48 hours after the surgery in
both groups.

Statistical Analysis
The primary outcomemeasure was total sufentanil consump-

tion in the first 24 postoperative hours. Previously unpublished
data including 132 patients fromApril 2012 to July 2012 provided
by the acute pain service team in our institution showed a mean
and SD of cumulative sufentanil consumption over the first 24
hours after right-lobe hepatectomy to be about 70 and 10 μg, re-
spectively. In order to have 95% power to detect a 20% reduction
of sufentanil consumption at an α level of 0.01, we needed 20 pa-
tients per study group. To account for any patient dropouts or
missing data, we planned to enroll 24 patients per study group.
Descriptive statistics were computed for all study variables. Nor-
mally distributed data were analyzed using 2-tailed Student t test.
Repeated-measures analysis of variance (ANOVA) was used to
compare measurements over time (cumulative sufentanil con-
sumption and PCIA pressing frequency). If there was a statistical
difference (P< 0.05) between the 2 groups by repeated-measures
ANOVA, Student t test was used to compare the data at each time
508
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point. The non–normal distributed NRS data are displayed in box-
and-whisker plots. The box extends from the upper quartile to the
lower quartile and is marked by a quadrate at the median of the
data. The whiskers are determined by the upper and lower data
point values not including outliers and extremes. Outliers (>1.5
box lengths) and extremes (>3 box lengths) are represented by
circles and asterisks, respectively. All NRS data including outliers
and extremes were included in final analysis. Differences of NRS
scores at each time point between the 2 groups were analyzed
using the Mann-Whitney U test. Categorical data were analyzed
using the χ2 or Fisher exact test, where appropriate. The data
are reported as mean ± SD, mean (range), median (first third quar-
tiles), or percent, as appropriate. P = 0.05 was considered as sig-
nificant. The Bonferroni correction was performed on the raw
P value where applicable. For the multiple comparisons of NRS,
sufentanil consumption, and frequency of PCA data at 5 different
time points, the P value for the 0.05 level of significance was ad-
justed to 0.01. All analyses were performed using SPSS (version
12; SPSS Inc, Chicago, Illinois).

RESULTS
A total of 66 patients were assessed for eligibility, 9 patients

did not meet inclusion criteria, and 6 patients refused to partici-
pate; PVB failed in 3 patients. A PVB catheter was placed suc-
cessfully in 48 patients, 4 patients were excluded from final
analysis because of catheter obstruction (n = 1), change of opera-
tive plan (n = 2), and unplanned postoperative mechanical ventila-
tion (n = 1), respectively. Data were analyzed on 22 patients in
each group, as shown in Figure 1. The characteristics of patients,
duration of surgery, intraoperative variables, and liver function test
indices 24 hours before and after surgery in the paravertebral and
control groups are shown in Table 1. The baseline characteristics
and intraoperative variables were similar in both groups.
© 2014 American Society of Regional Anesthesia and Pain Medicine
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TABLE 1. Patients’ Characteristics, Duration of Surgery, Intraoperative Variables, and Some Indexes of Liver Function 24 Hours
Before and After Surgery in the PVB and Control Groups

PVB Group (n = 22) Control Group (n = 22) P

Female sex, n (%) 6 (27) 6 (27) 1.00
Age, y 50 ± 13 48 ± 10 0.64
Weight, kg 63.0 ± 9.3 61.5 ± 8.2 0.58
Height, cm 165.6 ± 8.6 166.5 ± 5.2 0.71
ASA-PS class (I/II/III), n 6/14/2 9/12/1 0.58
Preoperative NRS 1.82 (5.01) 1.82 (5.01) 1.00
MAP 15 min before block, mm Hg 92.1 ± 14.2 89.4 ± 13.0 0.52
MAP 15 min after block, mm Hg 91.4 ± 15.5 89.7 ± 15.0 0.72
Duration of surgery, min 195.0 ± 61.8 196.5 ± 53.5 0.93
Total fentanyl, mg 0.36 ± 0.05 0.35 ± 0.08 0.71
Total remifentanil, μg 1012.7 ± 376.2 1198.6 ± 403.2 0.12
Sufentanil in PACU, μg 8.6 ± 3.5 9.1 ± 2.9 0.64
No. blocked spinal segments after
initial lidocaine injection

4.6 (3–7) 4.8 (3–8) 0.62

Operative blood loss, mL 445.5 ± 281.1 352.3 ± 237.8 0.24
Intraoperative intravenous fluid, mL 2340.9 ± 195.7 2477.3 ± 125.2 0.56
Transfusion requirements
Red blood cell, n (%) 4 (18) 5 (23) 0.71
Fresh frozen plasma, n (%) 4 (18) 5 (23) 0.71

Urine output, mL 509.1 ± 261.2 522.7 ± 220.2 0.85
Preoperative INR 1.03 ± 0.07 1.02 ± 0.12 0.79
Preoperative ALB, g/L 39.36 ± 4.82 41.30 ± 4.47 0.17
Postoperative INR 1.29 ± 0.16 1.23 ± 0.15 0.20
Postoperative ALB 24 h, g/L 34.54 ± 4.39 36.01 ± 4.12 0.26

Data are mean ± SD, mean (range) or number (proportion) of patients.

ALB indicates serum albumin; INR, international normalized ratio; MAP, mean arterial pressure.
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The time-matched cumulative sufentanil consumption and
PCIA pressing frequency after surgery are shown in Figures 2
and 3. The cumulative sufentanil consumption and PCIA pressing
FIGURE 2. Cumulative sufentanil consumption in the first
24 postoperative hours. Data are presented as mean and SD.
Differences of cumulative sufentanil consumption at each time point
between the 2 groups were compared with repeated-measures
ANOVA followed by Student t test. The Bonferroni correction was
performed on the raw P value. Patients in the paravertebral group
consumed less sufentanil than did patients in the control group
at each time point.

© 2014 American Society of Regional Anesthesia and Pain Medicine
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frequency at each time point for the control group was significantly
higher than the paravertebral group as indicated in Figures 2 and 3.
Cumulative sufentanil consumption in the PVB group (54.3 ±
FIGURE 3. Cumulative frequency of PCIA in the first
24 postoperative hours. Data were presented as mean and SD.
Differences of cumulative frequency of PCIA at each time point
between the 2 groups were compared with repeated-measures
ANOVA followed by Student t test. The Bonferroni correction was
performed on the raw P value. The cumulative frequency of PCIA
at each time point in the control group was more compared with
the paravertebral group.
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FIGURE 4. Pain scores at rest in the first 24 postoperative hours.
The NRS data are displayed in box-and-whisker plots. Median
(quadrate in the box), interquartile range (box), and range not
including outliers (error bars) are shown.Outliers (>1.5 box lengths)
and extremes (>3 box lengths) are represented by circles and
asterisks, respectively. Differences of NRS scores at each time point
between the 2 groups were analyzed using the Mann-Whitney U
test. The Bonferroni correction was performed on the raw P value.
The NRS scores at rest at each time point in the control group were
higher compared with the paravertebral group. NRS (0–10), where
0 indicates no pain, and 10 indicates the most severe pain.

FIGURE 5. Pain scores on coughing in the first 24 postoperative
hours. The NRS data are displayed in box-and-whisker plots.
Median (quadrate in the box), interquartile range (box), and range
not including outliers (error bars) are shown. Outliers (>1.5 box
lengths) and extremes (>3 box lengths) are represented by circles
and asterisks, respectively. Differences of NRS scores at each time
point between the 2 groupswere analyzed using theMann-Whitney
U test. The Bonferroni correction was performed on the raw P value.
The NRS scores on coughing at each time point in the control group
were higher compared with the paravertebral group. NRS (0–10),
where 0 indicates no pain, and 10 indicates the most severe pain.
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12.1 μg) at 24 postoperative hours was reduced by 20.2% com-
pared with the control group (68.1 ± 9.9 μg), P < 0.001.

Pain scores within 24 postoperative hours at rest and with
coughing are shown in Figures 4 and 5, respectively. The pain in-
tensity at rest and with coughing reported with the NRS score was
significantly lower in the paravertebral group as compared with
the control group for each time point. The greatest difference in
NRS score was found at 1 hour postoperatively in which the me-
dian (first third quartiles) NRS score on coughing was 1 (1–2) in
the PVB group and 3 (3–4) in the control group (P < 0.001).

The rescue analgesia, complications, satisfaction scores, and
length of postoperative hospital stay after surgery of patients in both
groups are shown in Table 2. The incidence of vomiting, bloating,
and excessive sedation and the length of hospital stay were compa-
rable between the groups. The patient satisfaction score was 8.1 ±
1.0 in the paravertebral group and 6.7 ± 0.6 in the control group
(P < 0.001). One patient in the control group was documented
to have an episode of respiratory rate below 8 breaths/min. The
PCIA background dose was reduced to 1 μg/h sufentanil, and
the respiratory rate returned to an acceptable level.

Loss of pinprick sensation involved a mean of 4.6 (range, 3–
7) dermatomes with upper and lower limits of T4 and T11 in the
PVB group. The sensory loss to pinprick was 4.8 (range, 3–8) der-
matomes, with upper and lower limits of T4 and T11 in the control
group. There was no significant difference in extent of somatic
block between the 2 groups following the 15-mL lidocaine testing
injection (P = 0.618).

DISCUSSION
In this prospective, randomized, double-blind, placebo-

controlled study, a continuous unilateral thoracic PVB, following
bolus initiation, produced an opioid-sparing effect within the first
24 hours after right-lobe hepatectomy. Patients receiving continu-
ous thoracic PVB reported significantly lower pain scores than
did those with sufentanil PCIA alone. Our results are consistent
510

Copyright © 2014 American Society of Regional Anesthesia and Pain
with previous findings showing that thoracic PVB reduced the
severity of postoperative pain or opioid consumption following
both minor surgeries such as thoracoscopic surgery,8 breast cancer
surgery,9 and major surgeries such as thoracotomy.10

Paravertebral nerve block has been successfully used for pain
management for cholecystectomy,11–13 radiofrequency ablation
of a metastatic liver lesion,14 percutaneous transhepatic biliary
drainage,15 and right-lobe hepatectomy.4 Richardson et al16 have
demonstrated that thoracic PVB can abolish the intercostal
somatosensory-evoked potentials. Liver capsule injury visceral
pain was managed successfully with a continuous infusion of
local anesthetic at the right T10 level through a paravertebral
catheter,17 whereas common bile duct dilation–associated pain,
mediated parasympathetically through the vagus, could not be
alleviated by PVB.18 The liver and its capsule are innervated by
sympathetic fibers arising from the thoracic sympathetic chain
from the T7 to T11 level, and parasympathetic nerves derive
from the vagus nerve.19 The right PVB-induced pain reduction
following hepatectomy with right-sided subcostal incision may
be due to blockade of somatic and sympathetic pain fibers origi-
nated from T5 to T11.19 The vagal nerve and contralateral sympa-
thetic fibers are not targeted by unilateral PVB, so total visceral
anesthesia may not be achievable. This may be considered a draw-
back of a unilateral PVB used for pain management of hepatobi-
liary surgeries. Bilateral PVB technique has been successfully used
in thoracic, abdominal, and pelvic regions.20 But bilateral PVB
using landmark techniques was found to double the likelihood
of inadvertent vascular puncture and to cause an 8-fold increase
in pleural puncture and pneumothorax.21 Recent modifications
to PVB technique by ultrasound guidance may improve the safety
of this technique.

The extent of dermatomal spread of local anesthetics in the
paravertebral space is variable and characterized by inconsistent
somatic and sympathetic blocks. The mean extent of the somatic
block was 4.6 and 4.8 dermatomes in the PVB group and control
© 2014 American Society of Regional Anesthesia and Pain Medicine
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TABLE 2. Rescue Analgesia, Complications, Satisfaction, and Length of Hospital Stay After Surgery of Patients in the PVB and
Control Groups

Paravertebral Group (n = 22) Control Group (n = 22) P

Patients requiring rescue analgesia 24 h
Tramadol, n (%) 0 (0) 2 (9) 0.15

Postoperative complications 24 h, n (%)
Nausea 3 (14) 7 (32) 0.15
Vomiting 2 (9) 2 (9) 1.00
Bloating 2 (9) 3 (14) 0.64
Excessive sedation 0 (0) 1 (5) 0.31
Respiratory depression 0 (0) 1 (5) 0.31

Satisfaction scores (0–10) 8.09 ± 1.02 6.73 ± 0.63 0.00
Length of postoperative hospital stay, d 13.91 ± 4.75 12.68 ± 4.08 0.36

Data are mean ± SD or number (proportion) of patients.
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group, respectively, at 15 minutes after injection of 1% lidocaine
15 mL in the present study. Injections in a multilevel fashion
may increase the extent of somatic and sympathetic block but
would expose patients to additional risks related to punctures even
under the ultrasound guidance. Further studies may be needed to
test the clinical safety and efficacy of PVB at multiple levels for
pain management after major abdominal surgeries.

There are conflicting results with regard to the use of catheter-
based techniques for continuous PVB. Continuous thoracic para-
vertebral infusion of bupivacaine offered better pain control than
a bolus regimen after thoracotomy.22 Ultrasound-guided con-
tinuous thoracic PVB has been used for outpatient acute pain
management of multilevel unilateral rib fractures.23 However, an
unacceptably high misplacement rate of paravertebral catheters
has been reported by using a landmark technique recently.24 Cath-
eter displacement may be prevented by the introduction of coiled
catheters into clinical practice.25

Because of ethical issues and safety consideration, we have
not enrolled patients with impaired coagulation functions that
contraindicated epidural analgesia. Common concerns with the
PVB are the potential risk for pneumothorax and vascular or neu-
ral injury. Paravertebral nerve blocks are technically easy to learn
with a high success rate of 89.9% to 93.9% and a relatively low
rate of over all complications (5%) and serious complications
such as pneumothorax (0.5%).21,26 A recent meta-analysis includ-
ing 18 randomized controlled trials demonstrated that PVBs, com-
pared with epidural analgesia, are associated with less urinary
retention, postoperative nausea and vomiting, and hypotension.27

These results were consistent with previous meta-analysis per-
formed by Davies et al28 in 2006. In addition, the rates of failed
technique were also lower in the PVB group than those in the epi-
dural analgesia group.27 Paravertebral nerve block may offer an
attractive alternative to the epidural technique for patients with lo-
cal sepsis, coagulation disorders, preexisting neurological disor-
ders, and abnormal thoracic vertebral anatomy. A comparison
between the standard epidural analgesia and ultrasound-guided
PVB would be meaningful and warrants further studies.

Patients in the PVB group had longer length of stay, and
this may be due to differences in the American Society of An-
esthesiologists–Physical Status (ASA-PS) class, age, and blood
loss. Although these differences between groups were not stati-
stically significant, together they may have accounted for longer
hospitalization.

This study has several limitations. Although a difference in
the primary end point was shown, we were unable to demonstrate
a difference in secondary outcome measures because of the small
© 2014 American Society of Regional Anesthesia and Pain Medicine
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sample size. According to previous studies, we arbitrarily defined
block success as loss of pinprick sensation in 3 or more ipsilateral
vertebral dermatomes.6 After liver resection, the possibility of ex-
tending the analgesic benefits of paravertebral analgesia beyond
24 hours with or without a more concentrated solution of local
anesthetic warrants further investigation. Further larger-scale stud-
ies are required to evaluate the effect of paravertebral block for
right-lobe hepatectomy on clinically important outcomes includ-
ing ropivacaine plasma levels, the incidence of postoperative com-
plications, and chronic pain syndrome. Because sufentanil and
ropivacaine are metabolized hepatically, elevated plasma levels
can be seen after liver surgery.29,30 For safety concerns and in
the absence of measurement of plasma levels of these medica-
tions, we limited the PVB infusion to 24 hours. This makes it
more difficult to distinguish the effect of the initial ropivacaine
PVB bolus from the continuous infusion on reducing pain scores
and opioid consumption. It has been reported that single-shot
PVB with 0.5% ropivacaine or 0.5% bupivacaine can produce
6- to 8-hour analgesic effects after thoracoscopic procedures.31,32

At the end of surgery, the 10-mL bolus of 0.2% ropivacaine prior to
active infusion may have produced a significant opioid-sparing ef-
fect for an indeterminate number of hours out of the first 24 postop-
erative hours. The pain alleviating and opioid-sparing effects of
PVBs in the first 24 postoperative hours demonstrated by our study
may be the results of both the initiation bolus injection and the fol-
lowing continuous infusion of 0.2% ropivacaine.33,34 The present
study aimed to test the hypothesis that a continuous PVB protocol
(bolus initiation followed by continuous infusion of 0.2%
ropivacaine) can reduce opioid consumption during the first 24
hours after right-lobe hepatectomy.We are unable to separate the ef-
fect of the initial bolus from the continuous infusion without having
avoided the bolus, or running the infusion long enough to be certain
there is no residual effect from the initial bolus. Obviously, keeping
PVB catheter after single-dose PVB allows feasible rescue bolus in-
jection or continuous infusion of local anesthetics when needed.
Comparing the analgesic effects of bolus PVB, continuous PVB
without bolus initiation, and bolus initiation followed by continuous
infusion is not the primary interests of the present work. This issue
clearly warrants further studies. Compared with patients from
Western countries, the patients in our study have smaller body
size, younger age, and lower ASA-PS scores. This unique demo-
graphic profile may impair the generalizability of our results, and
further studies are needed to confirm the reproducibility of our
technique in more overweight and/or more debilitated patients.

In conclusion, this is the first prospective randomized,
double-blind, placebo-controlled study evaluating the analgesic
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efficacy of continuous thoracic paravertebral analgesia in patients
undergoing right-lobe hepatectomy. Although thoracic epidural
analgesia and interpleural analgesia after hepatectomy have been
reported, the use of paravertebral analgesia for hepatectomy pa-
tients has rarely been reported.4,35 Our data demonstrated that
continuous thoracic paravertebral block, following bolus initia-
tion, is an effective procedure to improve pain treatment after
right-lobe hepatectomy and could be incorporated into multi-
modal analgesic regimens for right-lobe hepatectomy with a
right-sided subcostal incision.
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