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Pain Scale (BOPS), and the amount of intra-operative sevo-
flurane given.
Results The median PAED scale scores did not differ 
between Groups B and NB at 30 min (P = 0.41). BOPS 
scores also did not differ significantly between the groups, 
but the mean amount of intraoperative sevoflurane given 
was significantly lower in Group B than in Group NB 
(P < 0.01).
Conclusions Ultrasound-guided II/IH nerve block for 
ambulatory pediatric inguinal hernia repair did not reduce 
ED, but it did decrease the amount of intra-operative sevo-
flurane needed.
Clinical Trial Registration: UMIN000008586.

Keywords Pediatric patient · Ultrasound-guided nerve 
block · Emergence delirium · Postoperative pain

Introduction

Inguinal hernia repair is one of the most common surgi-
cal procedures performed in children. It is often done as 
pediatric ambulatory surgery, for which sevoflurane is 
used widely because it promotes rapid induction of and 
emergence from anesthesia, it has high hemodynamic 
stability, and it causes minimal airway side effects [1, 2]. 
However, emergence delirium (ED) is a common postop-
erative complication. Although various anesthetic tech-
niques have been used to reduce the incidence of ED 
after general anesthesia with sevoflurane, ED still occurs 
in 10–80 % of patients [3, 4]. Several investigators have 
suggested that perioperative pain contributes to severe 
ED and that the administration of analgesics can reduce 
ED induced by the inhalation of anesthetics in pediatric 
patients [5–7].

Abstract 
Purpose Emergence delirium (ED) is a common postop-
erative complication of ambulatory pediatric surgery done 
under general anesthesia with sevoflurane. However, perio-
perative analgesic techniques have been shown to reduce 
sevoflurane-induced ED. The primary objective of this 
investigation was to examine whether an ultrasound-guided 
ilioinguinal/iliohypogastric (II/IH) nerve block for ambula-
tory pediatric inguinal hernia repair could reduce the inci-
dence of sevoflurane-induced ED.
Methods The subjects of this prospective randomized 
double-blind study were 40 boys ranging in age from 1 to 
6 years, who were scheduled to undergo ambulatory ingui-
nal hernia repair. The patients were randomized to either 
receive or not to receive an ultrasound-guided II/IH nerve 
block (Group B and Group NB, respectively). General 
anesthesia was maintained with sevoflurane and nitrous 
oxide. The primary outcome assessed was ED, evalu-
ated using the Pediatric Anesthesia Emergence Delirium 
(PAED) scale 30 min after emergence from general anes-
thesia. The secondary outcomes assessed were postop-
erative pain, evaluated using the Behavioral Observational 
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Ultrasound-guided ilioinguinal/iliohypogastric (II/IH) 
nerve block for ambulatory pediatric inguinal hernia repair 
reduces perioperative pain. This technique has become 
popular owing to its efficacy and safety [8–10]. Thus, it 
makes sense that if effective for perioperative analgesia, the 
ultrasound-guided II/IH nerve block could help to reduce 
ED. We conducted this prospective, randomized, double-
blinded study to evaluate the hypothesis that an ultrasound-
guided II/IH nerve block for ambulatory pediatric inguinal 
hernia repair would reduce the incidence of ED after gen-
eral anesthesia with sevoflurane.

Methods

Ethical approval for this prospective randomized double-
blinded study (approval no. 11-085) was provided by the 
ethics committee of Niigata City General Hospital, Nii-
gata, Japan on 26 March 2012, and the study was registered 
with the UMIN Clinical Trials Registry (http://www.umin.
ac.jp/ctr/index.htm; identifier: UMIN000008586). Writ-
ten informed consent was obtained from the parents of 
all children. The subjects of this study were 40 boys aged 
1–6 years. All patients had an American Society of Anes-
thesiologists physical status of I–II and were scheduled to 
undergo elective inguinal hernia repair under general anes-
thesia between August 2012 and August 2013. Those with a 
history of neurological, neuromuscular, or psychiatric dis-
orders or allergies to local anesthetic drugs were excluded. 
All surgical procedures were performed by the same surgi-
cal team, using Potts’ method, and patients were discharged 
from the hospital on the same day as their surgery. Patients 
were randomly allocated to one of two groups. One group 
received both a II/IH nerve block with 0.5 % ropivacaine at 
0.2 mL kg−1 and rectal acetaminophen 15 mg kg−1 before 
surgery (Group B), and the other group received only rec-
tal acetaminophen 15 mg kg−1 before surgery (Group 
NB). Randomization was based on a computer-generated 
sequence of random numbers and concealed using sealed 
prenumbered opaque envelopes, by a researcher who was 
not otherwise involved in the study. The envelope was 
opened just prior to the induction of anesthesia. Patients, 
their parents, and data collectors were blinded to the alloca-
tion throughout the study.

Ultrasound‑guided II/IH nerve block technique

The ultrasound-guided II/IH nerve block was performed 
with a linear array transducer (6–13 MHz) connected to 
a portable ultrasound unit (S-Nerve; SonoSite Inc., Both-
ell, WA, USA), by anesthesiologists skilled in ultrasound-
guided nerve blocks. A transducer was placed on the patient 

at the line connecting the anterior superior iliac spine 
and umbilicus, to visualize the external oblique, internal 
oblique, and transversus abdominis muscles. After aseptic 
preparation of the puncture site and transducer, a 22-gauge 
Tuohy needle (epidural needle; HAKKO, Nagano, Japan) 
was inserted and advanced in the plane of the ultrasound 
beam in a medial-to-lateral direction. Once the needle was 
visualized and placed between the internal oblique and 
transversus abdominis muscles, 0.2 mL kg−1 of 0.5 % ropi-
vacaine was injected under real-time ultrasound guidance. 
A successful block was defined either by confirmation of 
the correct position of the needle tip and the spread of local 
anesthetic around the II/IH nerves under ultrasound guid-
ance if visualized, or clinically by response to the skin inci-
sion. An increase in heart rate, arterial blood pressure, or 
respiratory rate of more than 15 % was defined as a failed 
or inadequate block, and the patient was excluded from the 
study. All nerve blocks were performed after the induction 
of general anesthesia and at least 15 min before the skin 
incision.

General anesthesia and postoperative analgesia

None of the children received premedication. General 
anesthesia was induced with 60 % nitrous oxide, 40 % 
oxygen, and 5 % sevoflurane via a face mask. After 
venous access was established, atropine 0.01 mg kg−1 
was administered intravenously. Subsequently, a laryn-
geal mask airway (LMA ProSeal; Laryngeal Mask Co., 
Ltd., Henley-on-Thames, UK) was inserted according to 
the manufacturer’s instructions. Thereafter, rectal aceta-
minophen (Alpiny; Hisamitsu Pharmaceutical Co., Inc., 
Tokyo, Japan) 15 mg kg−1 was administered before the 
surgery. General anesthesia was maintained with 60 % 
nitrous oxide, 40 % oxygen, and 3 % sevoflurane under 
spontaneous breathing. Baseline values, namely heart 
rate, blood pressure, and respiratory rate, were recorded 
as the means of three consecutive readings before the skin 
incision. If the heart rate, blood pressure, or respiratory 
rate increased by more than 15 % from the baseline, the 
anesthesiologist increased the sevoflurane concentration 
by 0.5 %. Conversely, if the heart rate, blood pressure, 
or respiratory rate decreased by 15 % or more from the 
baseline, then the sevoflurane concentration was reduced 
by 0.5 %, the minimum concentration of sevoflurane 
being 1.5 %. After emergence from general anesthe-
sia, we administered additional rectal acetaminophen at 
15 mg kg−1 if the parents requested pain relief for their 
child. To reduce the chance of postoperative nausea and 
vomiting, which would interfere with ambulatory dis-
charge, none of the children was given opioids intra- or 
postoperatively [11].

http://www.umin.ac.jp/ctr/index.htm
http://www.umin.ac.jp/ctr/index.htm
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Assessments

We evaluated ED using the Pediatric Anesthesia Emergence 
Delirium (PAED) scale (Table 1), which is scored on a 
five-point scale (0–4) to give a maximum cumulative score 
of 20 [12]. The higher the PAED score, the more agitated 
the patient. We also evaluated postoperative pain with the 
Behavioral Observational Pain Scale (BOPS), which entails 
the assessment of objective behavioral variables such as 
facial expression, verbalization, and body position (Table 2). 
Each pain variable was scored on a three-point scale (0–2) 
to give a maximum cumulative score of 6 [13]. The higher 
the BOPS score, the more pain the patients exhibited.

Patients were transported from the operating room to 
the recovery room following extubation, when they were 
breathing spontaneously. A specially trained nurse blinded 
to the group allocation throughout the study evaluated the 
ED using the PAED scale. Patients and parents were also 
blinded, by placing a dressing over the puncture site in 
both groups. Patients were assessed at four time-points (0, 
30 min, 1, and 4 h) after emergence from general anesthe-
sia and were discharged from hospital 4 h after emergence 
from general anesthesia.

Measures and outcomes

The primary outcome of this study was the presence of ED 
30 min after emergence from anesthesia, as evaluated using 

the PAED scale. The secondary outcomes were postopera-
tive pain, as evaluated using the BOPS, the amount of intra-
operative sevoflurane given, the dose of postoperative rectal 
acetaminophen, and the incidence of postoperative nausea 
and vomiting.

Statistical analysis

In our pilot study of 16 patients (n = 8 in each group), the 
mean PAED scale score 30 min after emergence from gen-
eral anesthesia was 12.4 ± 4.0 for Group B and 17.3 ± 4.6 
for Group NB. Therefore, our goal was to establish whether 
an ultrasound-guided II/IH nerve block would reduce the 
PAED scale score by at least five points with a standard 
deviation (SD) of 4.6 in each group. A sample-size esti-
mate indicated that 14 patients per group would provide 
80 % power for detecting these differences at a type I error 
rate of 0.05. Considering the dropout risk, 20 patients from 
each group were included for the main trial.

The Mann–Whitney U test and Fisher’s exact test were 
used to evaluate the significance of differences between 
groups. Statistical analysis was done using Statview 5.0 
(SAS Institute, Cary, NC, USA). Differences with P values 
of <0.05 were considered significant.

Results

Forty consecutive patients were enrolled, randomized, and 
received their allocated intervention. We excluded one 
patient from the analysis because of incomplete data col-
lection, leaving 19 patients in Group B and 20 patients in 
Group NB in the final analysis (Fig. 1). Clinical character-
istics, including age, body mass index (BMI), duration of 
operation and anesthesia, systolic and diastolic blood pres-
sure, heart rate, end-tidal carbon dioxide, and postoperative 
nausea and vomiting, were similar in both groups (Table 3). 
However, the mean amount of intra-operative sevoflurane 
in Group B was significantly less than that in Group NB 
(37.9 ± 8.3 vs. 50.8 ± 9.8 mL, respectively; P < 0.01; 
Table 3).

Table 1  Pediatric Anesthesia Emergence Delirium (PAED) scale

Items 1, 2, and 3 are reverse scored as follows: 4 = not at all, 3 = just 
a little, 2 = quite a bit, 1 = very much, 0 = extremely

Items 4 and 5 are scored as follows: 0 = not at all, 1 = just a little, 
2 = quite a bit, 3 = very much, 4 = extremely

The scores of each item are summed to obtain a total PAED score 
between 0 and 20

1. The child makes eye contact with the caregiver
2. The child’s actions are purposeful
3. The child is aware of his/her surroundings
4. The child is restless
5. The child is inconsolable

Table 2  Behavioral Observational Pain Scale (BOPS)

The scale is composed of three variables that indicate pain in children. Each of these variables has three grades—0, 1, or 2—and hence, the sum 
of the BOPS score will be between 0 and 6

Score Facial expression Verbalization Body position

0 Neutral/positive facial expression, com-
posed, calm

Normal conversation, laugh, crow Inactive, laying relaxed with all extremities 
or sitting, walking

1 Negative facial expression, concerned Completely quiet or sobbing and/or com-
plaining but not because of pain

Restless movements, shifting fashion, and/or 
touching wound or wound area

2 Negative facial expression, grimace, dis-
torted face

Crying, screaming, and/or complaining 
about pain

Lying rigid and/or drawn up with arms and 
legs to the body
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For the primary outcome measure in this study, the 
median (interquartile range [range]) PAED scale scores 
also did not differ significantly between the two groups at 
any time point evaluated. The respective scores for Groups 
B and NB were 19.5 (16.0–20.0 [0–20]) and 18.0 (13.0–
20.0 [0–20]) at 0 h (P = 0.49), 18.0 (15.0–20.0 [3–20]) and 
18.0 (13.0–20.0 [0–6]) at 0.5 h (P = 0.41), 19.0 (16.0–20.0 
[10–20]) and 18.0 (15.0–20.0 [0–20]) at 1 h (P = 0.51), 
and 0.0 (0.0–0.5 [0–5]) and 0.0 (0.0–1.0 [0–11]) at 4 h 
(P = 0.78; Fig. 2). Similarly, the median BOPS scores did 
not differ significantly between Groups B and NB at any 

of the time points evaluated. The respective median scores 
were 5.0 (4.0–6.0 [0–6]) and 5.0 (3.0–5.5 [0–6]) at 0 h 
(P = 0.45), 5.0 (5.0–6.0 [2–6]) and 5.0 (4.5–6.0 [0–6]) at 
30 min (P = 0.38), 5.0 (5.0–6.0 [3–6]) and 5.0 (5.0–6.0 
[1–6]) at 1 h (P = 0.70), and 0.0 (0.0–1.0 [0–2]) and 0.0 
(0.0–0.5 [0–2]) at 4 h (P = 0.49; Fig. 3). No postoperative 
rectal acetaminophen was required and there was no inci-
dence of unanticipated admission.

Discussion

This study examined the effects of ultrasound-guided II/IH 
nerve block for ambulatory pediatric inguinal hernia repair. 
While we did not observe any effects on the incidence of 

Fig. 1  CONSORT flow dia-
gram

Table 3  Baseline and peri-operative characteristics of study patients

Values are means ± standard deviations

BMI body mass index, PONV postoperative nausea and vomiting
a Average of 5-min interval data

Group B
(n = 19)

Group NB
(n = 20)

P

Age (years) 2.9 ± 1.5 3.5 ± 1.5 0.23

BMI (kg/m2) 16.0 ± 1.1 15.6 ± 1.0 0.24

Duration of surgery (min) 29.5 ± 8.0 32.4 ± 8.3 0.27

Duration of anaesthesia (min) 60.0 ± 9.9 58.9 ± 9.0 0.72

Averagea systolic blood pressure 
(mmHg)

91.3 ± 6.2 91.7 ± 5.8 0.89

Averagea diastolic blood pressure 
(mmHg)

44.2 ± 5.2 45.9 ± 5.9 0.53

Averagea heart rate (beats/min) 142.5 ± 2.8 145.5 ± 4.3 0.20

Averagea end-tidal carbon dioxide 
(mmHg)

41.3 ± 2.5 43.0 ± 3.3 0.24

Amount of sevoflurane (mL) 37.9 ± 8.3 50.8 ± 9.8 <0.01

PONV (n) 0 0 –

Fig. 2  Time-course of PAED scale scores after emergence from gen-
eral anesthesia in patients given (Group B: filled box) or not given 
(Group NB: open box) an ultrasound-guided ilioinguinal/iliohypogas-
tric nerve block. Horizontal lines medians, boxes interquartile ranges, 
and whiskers ranges. There were no significant differences between 
Group B and Group NB at any time point evaluated
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ED or postoperative pain, we found that patients receiving 
the ultrasound-guided II/IH nerve block required less intra-
operative sevoflurane.

Children who suffer ED risk injuring their surgical 
wounds, themselves, and their caregivers. Thus, when ED 
triggers severe and disruptive actions, pediatric patients 
require constant supervision, prolonging the recovery 
period. Moreover, once ED occurs, all members of the 
healthcare team, as well as the patient’s parents, express 
concern about the quality of surgical management [12]. 
Various anesthetic techniques have been used to reduce 
the incidence of ED, and analgesic techniques combined 
with nerve block have been reported to reduce sevoflurane-
induced ED in pediatric patients [14]. However, we did 
not observe a reduction in the incidence of ED or postop-
erative pain in those children given ultrasound-guided II/IH 
nerve block for ambulatory pediatric inguinal hernia repair, 
even using the PAED scale and BOPS, which are reported 
as reliable and valid measures of ED [12] and pain [13] in 
children. Despite this, the amount of intra-operative sevo-
flurane was reduced significantly by ultrasound-guided II/
IH nerve block in our study, suggesting that it was effec-
tive for intra-operative pain, as reported previously [8–10]. 
There are two possible explanations for the different results 
in our study and those in previous studies. First, we did not 
give any opioids during the surgery, whereas opioids such 
as morphine and fentanyl were given in previous studies 
[8–10]. As several investigators have reported that opioids 
significantly reduce ED [15, 16], it is possible that the lack 
of opioid use in our study caused strong agitation, making 
it difficult to detect differences between groups given ver-
sus those not given ultrasound-guided II/IH nerve block. 
Indeed, more patients presented with strong agitation in our 
study than in a previous study on inguinal hernia repair [3]. 
Second, our results may be related to the type of operation 

performed. In support of this, interleukin-6, a cytokine that 
plays a major role in inflammatory response to surgical 
injury [17] and is an indicator of pain [18], did not increase 
in children when Potts’ method was used, remaining at the 
same level as that in healthy volunteers [19]. This suggests 
that pediatric patients undergoing inguinal hernia surgery 
may not experience enough pain for us to evaluate the ben-
efits provided by II/IH nerve block, although the pediatric 
patients in our study had high pain scores, which may have 
been caused by the high ED scores because severe agitation 
reflects the behavior pain scale [20]. However, all patients 
with high PAED and BOPS scores in the early postopera-
tive period in our study returned home on the same day 
as their surgery, with very low scores. We attribute these 
results to the fact that inguinal hernia repair is minimally 
invasive [19], so ED and postoperative pain would resolve 
quickly in children. If our study had focused on surgery 
with greater stress, rather than such minimally invasive 
surgery, it is likely that the PAED and BOPS scores would 
have remained high for longer and the complications of ED 
and postoperative pain would have precluded the children 
from being discharged early. Therefore, while it is very 
important to reduce the incidence of ED and postopera-
tive pain in children, we think that ultrasound-guided II/IH 
nerve block would be more useful for invasive surgery than 
for inguinal hernia repair.

Although the findings of our study suggested that ultra-
sound-guided II/IH nerve block was not effective for reduc-
ing the incidence of ED after pediatric inguinal hernia 
repair, it significantly reduced the amount of intra-operative 
sevoflurane needed. Several recent studies have found that 
early exposure to anesthetic agents may cause neurode-
generation or neuroinflammation [21, 22]. Therefore, it is 
important to reduce inhalation anesthesia and ultrasound-
guided II/IH nerve block during surgery helped achieve this 
outcome.

Our study had some limitations. First, it was designed 
as a superiority study and the sample size was calculated 
as described in the Methods because we expected that the 
ultrasound-guided II/IH nerve block would reduce the 
incidence of ED. However, contrary to our expectations, 
we failed to detect a difference between the groups. While 
our study did not prove equivalence in the two groups, due 
to the study design limitations, the findings did suggest a 
small and clinically insignificant difference in the incidence 
of ED between the groups. Second, in this study, ultra-
sound-guided II/IH nerve block did not appear to reduce 
postoperative pain, contrary to a previous study that found 
ultrasound-guided II/IH nerve block did reduce postoper-
ative pain [10]. The possible reason for failing to find an 
advantage of using an ultrasound-guided II/IH nerve block 
to control postoperative pain is the small sample size of this 
study. The primary outcome of this study was to evaluate 

Fig. 3  Time-course of BOPS scores after emergence from gen-
eral anaesthesia in patients given (Group B: filled box) or not given 
(Group NB: open box) an ultrasound-guided ilioinguinal/iliohypogas-
tric nerve block. Horizontal lines medians, boxes interquartile ranges, 
and whiskers ranges. There were no significant differences between 
Group B and Group NB at any time point evaluated
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the ED using the PAED scale, 30 min after emergence from 
general anesthesia, and the sample size was calculated 
accordingly. Therefore, the sample size was not sufficient 
to allow us to detect differences in postoperative pain, and 
we did not observe any advantages of ultrasound-guided II/
IH nerve block for postoperative pain. Third, we adminis-
tered a relatively lower dose of rectal acetaminophen than 
that reported in a previous study [23], and we did not give 
any nonsteroidal anti-inflammatory drugs (NSAIDs). This 
low dose of acetaminophen and lack of NSAIDs may have 
provided inadequate analgesia for inguinal repair, result-
ing in a high PAED scale and BOPS scores. However, as 
several previous studies have documented using low-dose 
acetaminophen as a clinically therapeutic dose to treat 
postoperative pain [24, 25], we chose a low dose of aceta-
minophen in our study. Furthermore, considering that no 
patient required postoperative rectal acetaminophen and 
that the BOPS scores were very low by the time of dis-
charge from hospital, we do not think that low-dose rectal 
acetaminophen and the lack of NSAIDs were a problem 
clinically.

In conclusion, ultrasound-guided II/IH nerve block 
for ambulatory pediatric inguinal hernia repair did not 
reduce the incidence of ED, but it did reduce the amount 
of intra-operative sevoflurane required. Further studies with 
larger sample sizes and higher doses of acetaminophen or 
NSAIDs may be necessary to examine the effects of ultra-
sound-guided II/IH nerve block on ED.
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