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Abstract
Purpose  We retrospectively analyzed the efficacy of abdominal peripheral nerve block (PNB) and caudal block (CB) in 
patients undergoing robot-assisted laparoscopic radical prostatectomy (RARP).
Methods  Patients who underwent elective RARP at our hospital (Jan. 2015–Sept. 2016) were enrolled. We reviewed the 
188 patients’ anesthesia charts and medical records and divided the patients into three groups based on the anesthesia used 
in their cases: 76 patients in the total intravenous anesthesia (TIVA) group, 51 patients in the TIVA + abdominal PNB group 
(TI-PB group), and 61 patients in the TIVA + abdominal PNB + CB (TI-PB-CB group). We compared the groups’ amounts of 
anesthetic drug usage, anesthesia times, and the presence/absence of additional opioid administration in the recovery room.
Results  The perioperative opioid use during anesthesia was significantly greater in the TIVA group than in the TI-PB-CB 
group. The total amount of muscle relaxant was significantly higher (p < 0.001) in the TIVA group than the TI-PB-CB 
group: 60.0 (50.0–70.0) mg vs. 50.0 (40.0–60.0) mg. Although there were no significant differences in the operation time, 
the frequency of the use of additional opioid administration was significantly higher (p < 0.01) in the TIVA group than the 
TI-PB group: 23.7% vs. 2.0%, respectively.
Conclusions  Although there was no influence on the anesthesia time, the muscle relaxant dose and the perioperative amount 
of opioid use were significantly less in the combined PNB + CB group. Our analyses suggest that not only PNB but also CB 
was useful for perioperative management in RARP.
Clinical trial registration  2016-1059.
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Introduction

Laparoscopic surgery requires the patient’s deep muscle 
relaxation so that the surgeon has a good view and sufficient 
space in the abdominal cavity. Deep muscle relaxation has 
reported to improve surgeons’ satisfaction with the surgical 
space conditions [1] and to shorten operation times [2]. In 
addition, deep muscle relaxation makes it possible to per-
form a surgery using low pneumoperitoneum pressure, and 
thus alleviate some of the patient’s postoperative pain [3]. 
Robot-assisted laparoscopic surgeries are being conducted 

more frequently nowadays; these surgeries can provide mini-
mally invasion with early recovery. Robot-assisted laparo-
scopic surgeries also benefit from the patient’s deep muscle 
relaxation.

The abdominal peripheral nerve block (PNB) has been 
performed mainly in lower abdominal surgeries to produce 
good muscle relaxation of the abdominal wall and postop-
erative analgesia [4]. A PNB may thus provide sufficient 
muscle relaxation with a lesser amount of muscle relaxant 
in the surgical field during robot-assisted laparoscopic sur-
geries. However, the beneficial effects of abdominal PNB 
on the surgical field during robotic surgery have not been 
elucidated. In addition, the caudal block (CB) was reported 
to reduce postoperative urinary catheter-induced discomfort 
[5]. Although epidural anesthesia has also been reported to 
reduce the necessary muscle relaxant dose [6], there is little 
information about the efficacy of a CB on the requirement 
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of a muscle relaxant in pelvic robot-assisted laparoscopic 
surgeries. We hypothesized that the combination of PNB 
and CB with general anesthesia reduced total amount of 
anesthetic agent even though during robotic surgery. There-
fore, in the present study, we retrospectively investigated 
the efficacy of PNB and CB in patients who underwent a 
robot-assisted laparoscopic radical prostatectomy (RARP).

Methods

Study subjects

This was a retrospective observational study approved by the 
Ethics Committee of Hirosaki University Graduate School 
of Medicine (approval no. 2016 − 1059). Between January 
2015 and September 2016, 191 patients underwent an elec-
tive RARP at our hospital. Patients with an insufficient or 
failed PNB were excluded from the analysis; we analyzed 
the cases of the remaining 188 patients based on their elec-
tronic medical records including anesthesia charts. We 
divided the patients into three groups based on the anesthe-
sia used during their RARP: 76 patients received only total 
intravenous anesthesia (TIVA) (the TIVA group), 51 patients 
received TIVA with abdominal PNB (the TI-PB group), and 
61 patients received TIVA with abdominal PNB and CB 
(the TI-PB-CB group). All patients in the TI-PB-CB group 
received an intra-abdominal instillation of 0.375% ropiv-
acaine just before the removal of the abdominal ports, for the 
relief of postoperative visceral pain. Each anesthetic method 
was decided by daily anesthesia general manager who is in 
charge of all operating rooms. Thus, anesthesia method was 
dependent on each anesthetic manager’s preference.

Anesthesia and PNB management

The following managements were obtained from the 
patients’ medical records. Standard monitoring was used 
upon the patient’s arrival in the operation room. Anesthe-
sia was induced with propofol (0.5–1 mg/kg), remifentanil 
(0.2–0.5 µg/kg/min), ketamine (0.5–1 mg/kg) and rocuro-
nium (0.6–1 mg/kg), and maintained with propofol (2–8 mg/
kg/h) and remifentanil (0.025–0.5 µg/kg/min) with a target 
bispectral index (BIS) value of 40–60 (monitored with a 
BIS-XP® system, Aspect Medical Systems, Leiden, The 
Netherlands). And additional ketamine (10–50 mg) was 
intermittently administered for preventing somatic pain by 
each anesthesiologist. Vasoactive agents such as ephed-
rine, phenylephrine, and atropine were intermittently given 
to maintain the mean arterial pressure at > 60 mmHg and 
the heart rate between 40 and 100 beats/min. The patient’s 
lungs were mechanically ventilated to maintain the end-
tidal carbon dioxide (EtCO2) at 30–40 mmHg using the 

pressure-controlled mode with peak inspiratory pres-
sure < 25 cm H2O. During the surgery, intermittent 10-mg 
rocuronium was administered when it was necessary, for 
example, to provide sufficient surgical space, preventing 
body movement or cough reflex according to vital sigh 
change or train-of-four (TOF) count. After the surgery, sug-
ammadex was administered if needed (e.g., when the TOF 
ratio was < 0.9). The above management was done by each 
patient’s anesthesiologist.

In the TI-PB group, a subcostal transversus abdominis 
plane block and a lower abdominal rectus sheath block 
were performed after the induction of general anesthesia, 
using 30–50 mL of 0.3–0.375% ropivacaine. In the TI-PB-
CB group, a CB was also performed, using 10–15 mL of 
0.3–0.375% ropivacaine after an abdominal PNB. The total 
dose of ropivacaine for CB and abdominal PNB was lim-
ited to 3 mg/kg, and all procedures were performed with 
ultrasound guidance. In the TI-PB-CB group, a local intra-
abdominal instillation of 40 mL of 0.375% ropivacaine was 
administered by each surgeon after pneumoperitoneum was 
achieved.

Postoperative analgesia

Fentanyl and/or morphine was injected intravenously as 
needed to control the postoperative pain of each patient. 
Acetaminophen or flurbiprofen was also administered if it 
was necessary. All patients used intravenous patient-con-
trolled analgesia (14–18 µg/hr of fentanyl or 0.6–0.8 mg/hr 
of morphine based) until postoperative day 2.

Data collection and definitions

The following data were collected from each patient’s 
medical record: age, body weight, height, body mass index 
(BMI), ASA physical status, value of preoperative prostate-
specific antigen, the D’Amico risk classification, neoadju-
vant chemotherapy, the total amounts of anesthetic drugs 
(propofol, remifentanil, ketamine, morphine, rocuronium), 
pneumoperitoneum time, operation time, anesthesia time, 
postanesthetic care unit (PACU) management, and deviation 
from the RARP Path. Fentanyl 200 µg was converted into 
morphine 10 mg [7] in patients who had been administered 
fentanyl as postoperative analgesic. All patients were man-
aged by the clinical path known as the “RARP Path” in our 
hospital and hospitalized for 15 days.

Outcomes and statistical analyses

Primary outcome of this study was the difference of total 
amount of anesthetic agent between three groups and sec-
ondary outcome were the differences of intra-operative 
data and PACU management. To compare the three patient 
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groups’ total amount of anesthetic agents, anesthesia time, 
and presence/absence of additional opioid administration in 
the PACU, we performed a one-way analysis of variance 
(ANOVA) and used the Kruskal–Wallis test and Fisher’s 
exact test. We also used Tukey’s test and Dunn’s test as post 
hoc tests. The data analyses were performed with GraphPad 
Prism 6 software (GraphPad Software, San Diego, CA). The 
data are presented herein as the mean ± SD, median [25% 
quartile–75% quartile] or the n (%). A p-value < 0.05 was 
considered significant.

Results

The patient demographics are summarized in Table 1. There 
were no significant differences in demographics among 
the three groups (TIVA, TI-PB, and TI-PB-CB). The total 
amounts of anesthesia-related agents used are shown in 
Table 2. Regarding the total amount of anesthetic agents, the 
TIVA group showed significantly higher doses of propofol 
compared to the TI-PB-CB group, and significantly higher 
doses of ketamine compared to both the TI-PB group and 
the TI-PB-CB group. The total dose of opioids such as 

remifentanil and morphine were significantly higher in the 
TIVA group compared to those in the TI-PB and TI-PB-CB 
groups. The rocuronium dose was also significantly higher in 
the TIVA group compared to those in the TI-PB and TI-PB-
CB groups, although the rate of sugammadex requirement 
did not differ among groups. Therefore, the patients without 
regional anesthesia required more anesthetic agents, analge-
sics, and muscle relaxant. The morphine dose was signifi-
cantly lower in the TI-PB group than in the TI-PB-CB group.

As shown in Table 3, the intraoperative blood loss was 
significantly less in the TI-PB-CB group compared to that 
in the TIVA group. The percentage of patients needing addi-
tional opioids postoperatively was significantly higher in the 
TIVA group than in the TI-PB group. There were no sig-
nificant between-group differences among the other factors 
shown in Table 3.

Discussion

Our analyses revealed that regional anesthesia such as PNB 
and CB significantly reduced the total amount of anesthetic 
agents in patients who underwent a RARP that involved the 

Table 1   Patient demographics in this study

Data are mean ± SD, median [25% quartile–75% quartile].
Preop preoperative, CT chemotherapy

Variable TIVA (n = 76) TI-PB (n = 51) TI-PB-CB (n = 61) p value

Age, years 67.9 ± 6.1 67.5 ± 5.6 67.3 ± 5.2 0.776
Height, cm 165.2 ± 5.5 164.5 ± 6.7 164.6 ± 5.6 0.768
Weight, kg 66.9 ± 8.4 64.5 ± 9.2 63.7 ± 9.1 0.079
BMI, kg/m2 24.5 ± 2.8 23.8 ± 2.7 23.5 ± 3.0 0.086
ASA-PS I/II/III, n (%) 0/74/2 (0.0/97.4/2.6) 1/49/1 (2.0/96.0/2.0) 1/60/0 (1.6/98.4/0.0) 0.570
Preop PSA, ng/mL 7.16 [5.08–10.62] 7.31 [5.43–10.50] 8.70 [6.01–14.30] 0.102
D’Amico classification L/I/H, 

n (%)
6/23/47 (7.9/30.3/61.8) 2/21/28 (3.9/41.2/54.9) 1/20/40 (1.6/32.8/65.6) 0.341

Neoadjuvant CT n (%) 50 (65.8) 30 (58.8) 39 (63.9) 0.721

Table 2   Total doses of general 
anesthesia-related agents used

Data are mean ± SD, median [25% quartile-75% quartile]
† p<0.05, ††p < 0.01, †††p < 0.005, ††††p < 0.001 TIVA vs. TI-PB., ‡p < 0.05, ‡‡p < 0.01, ‡‡‡p < 0.005, 
‡‡‡‡p < 0.001, TIVA vs. TI-PB-CB., §p < 0.05, TI-PB vs. TI-PB-CB

Variable TIVA (n = 76) TI-PB (n = 51) TI-PB-CB (n = 61) p value

Propofol, g 1.23 [1.00–1.40] 1.10 [0.81–1.40] 1.11 [0.84–1.26]‡ 0.024
Remifentanil, mg 2.75 [2.50–3.25] 2.00 [1.75–2.35]†††† 1.85 [1.53–2.25]‡‡‡‡ < 0.001
Ketamine, mg 110 [100–130] 100 [70–120]††† 90 [80–100]‡‡‡‡ < 0.001
Rocuronium, mg 60.0 [50.0–70.0] 55.0 [50.0–65.0] 50.0 [40.0–60.0]‡‡‡‡ < 0.001
Morphine, mg 10.0 [10.0–14.7] 10.0 [10.0–10.0]† 10.0 [10.0–10.0]‡‡‡‡§ < 0.001
Acetaminophen, n (%) 64 (84.2) 32(62.7) 18 (29.5) ‡‡ < 0.001
Sugammadex, n (%) 5 (6.6) 5 (9.8) 0 (0) 0.058
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administration of total intravenous anesthesia (TIVA). Simi-
lar to the present study, Kokulu and colleagues [8] reported 
that the amount of desflurane used was significantly lower 
in patients with PNB compared to those without PNB. PNB 
may thus be cost-effective.

It was also reported that the use of a PNB could decrease 
the early perioperative opioid usage and shorten the length 
of hospitalization [9] because preemptive analgesia can be 
enforced using PNB as one of the multimodal analgesic 
agents [10] and postoperative analgesia can be alleviated 
by blocking harmful stimulation [11]. Indeed, in our patient 
series, the use of PNB significantly reduced the periopera-
tive analgesic consumption although the length of hospital 
stay did not change.

In the present patients, the combination of PNB with CB 
resulted in a significantly lower use of rocuronium as well as 
intraoperative opioids. In laparoscopic cholecystectomy, it 
was reported that the use of a deep muscle relaxant improves 
the surgical field [12, 13] and decreases the duration of the 
operation [2]. Among children undergoing urologic laparo-
scopic or robot-assisted laparoscopic procedures, the total 
amount of intra-operative opioids in the combination CB 
group was significantly lower compared to that in the combi-
nation transversus abdominis plane block group [14]. How-
ever, there is little information available regarding muscle 
relaxants’ effect when used with a CB in patients undergoing 
pelvic surgery other than pediatric populations [15].

The pelvic floor muscle group is involved in the increase 
of abdominal pressure in the pelvis, which is dominated 
by the 4th and 5th sacral nerves [16]. In the present study, 
we investigated patients who underwent a RARP, and the 

muscle relaxants’ effect with CB may be involved in secur-
ing the space inside the pelvic cavity. Therefore, the uses 
of not only intraoperative opioids but also muscle relaxants 
were significantly reduced in the patients who received both 
a PNB and CB compared to those with only a PNB. There-
fore, CB may provide beneficial effects in patients undergo-
ing pelvic surgery.

As maximum dose of ropivacaine is 3 mg/kg, we could 
use 0.375% ropivacaine up to 0.8 ml/kg (= more than 40 ml 
in all patients’ body weight > 50 kg in the present study) for 
CB and abdominal PNB. Previous reports suggested that 
intra-abdominal instillation could reduce postoperative anal-
gesia which may be due to relief of visceral pain [17, 18]. 
In addition, from our previous study [19], we could esti-
mate that intra-abdominal instillation of 40 mL of 0.375% 
ropivacaine just before abdominal closure must be safe. In 
this previous study [19], maximal plasma concentrations of 
ropivacaine were 1.00±0.26 (SD) µg/mL in rectus sheath 
block with 0.375% ropivacaine 20 ml before surgery fol-
lowed by intra-abdominal instillation with 0.5% ropivacaine 
20 ml just before abdominal closure, whose plasma concen-
tration was much lower than its toxic threshold of 2.2 µg/mL 
[20]. Since the administration interval of ropivacaine seemed 
sufficient for disappearance of ropivacaine in the plasma, 
the maximal ropivacaine plasma concentration after intra-
abdominal instillation with 0.375% ropivacaine 40 mL may 
not exceed the toxic threshold. Indeed, anesthetic records 
suggested that no patients revealed local anesthetic-induced 
toxic symptoms.

Our study has several limitations, including its retrospec-
tive, single-center design. Since each anesthesiologist has 

Table 3   Intra- and post-
operative characteristics in this 
study

Data are median [25% quartile-75% quartile]
† p <0.05, ††p < 0.01, †††p < 0.005, ††††p < 0.001 TIVA vs. TI-PB. ‡p < 0.05, ‡‡p < 0.01, ‡‡‡p < 0.005, 
‡‡‡‡p < 0.001, TIVA vs. TI-PB-CB
PACU​ postanesthetic care unit, PP pneumoperitoneum, RARP robot-assisted laparoscopic radical prosta-
tectomy

Variable TIVA (n = 76) TI-PB (n = 51) TI-PB-CB (n = 61) p-value

Requiring increased PP, n (%) 7(9.2) 3 (5.9) 2 (3.3) 0.391
Pneumoperitoneum time, min 138.5 [120.8–157.0] 136.0 [122.0–154.0] 129.0 [116.5–152.0] 0.234
Duration of operation, min 168.0 [150.0–183.0] 162.0 [148.0–179.0] 152.0 [141.0–181.0] 0.121
Anesthesia time, min 230 [208–245] 238 [212–256] 230 [212–266] 0.628
Fluid volume, mL 1000 [800–1200] 1000 [800–1400] 1100 [900–1445]‡ 0.055
Blood loss, g 50 [15–75] 25 [5–50] 25 [5–50] ‡‡ 0.013
Urine volume, mL 72 [30–150] 40 [20–100] 50 [33–100] 0.110
PACU management, n (%)
Postop opioid requirement 18 (23.7) 1 (2.0)†† 5 (8.2) < 0.001
Shivering 2 (2.6) 0 (0.0) 4 (6.6) 0.179
Agitation 7 (9.2) 1 (2.0) 1 (1.6) 0. 090
Others 1 (1.3) 2 (3.9) 3 (4.9) 0.441
Deviation of RARP Path 12 (15.8) 11 (21.6) 6 (9.8) 0.238
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known the presence or absence of PNB and CB, there might 
be some prejudice that the patients did not need much seda-
tive and analgesia. In addition, since we did not use TOF 
monitor routinely during surgery, additional administration 
of muscle relaxant had been done in accordance with sub-
jective factors of each anesthesiologist or surgeon’s request. 
Although anesthesiologist seemed to sufficiently administer 
additional muscle relaxant in some cases, many cases might 
not maintain deep muscle relation. Thus, some information 
and selection bias could not exclude completely. Finally, we 
need to consider whether these statistically significant dif-
ferences have clinically meaningful. As anesthetic manage-
ment was done by each patient’s anesthesiologist without 
any protocol, further prospective study will be required to 
evaluate the effect of peripheral nerve block on the condition 
of surgical field.

In conclusion, the present data suggest that the use of an 
abdominal peripheral nerve block reduces the intraoperative 
opioid usage, and the use of a caudal block may provide an 
additional muscle relaxant effect on the pelvic floor muscle 
group. The administration of both an abdominal PNB and 
a CB may have beneficial effects in patients undergoing a 
robot-assisted laparoscopic radical prostatectomy under total 
intravenous anesthesia.
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