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What is already known

Intraperitoneal local anesthesia has been shown to significantly reduce postoperative
pain and opioid use in adults after laparoscopic general surgical or gynecological
procedures.

What this article adds

Intraperitoneal ropivacaine reduces early postoperative pain and improves recovery
after laparoscopic herniorrhaphy in toddlers.

Implications for translation

Intraperitoneal local anesthesia might be considered an option to conventional
techniques in laparoscopic surgery in children. Future studies should clarify possible

benefits and safety profiles of this technique in different ages of children.



Abstract

Background: Postoperative pain can cause physiological distress, postoperative
complications and extended lengths of hospitalized stay. In children, management of
postoperative pain is still recognized as being inadequate.

Objective: To investigate the effects of intraperitoneal ropivacaine on postoperative
pain, recovery of bowel function and emetic events after laparoscopic herniorrhaphy
in toddlers.

Methods: 76 children aged from 9 months to 3 years were recruited between August
2013 and June 2014 at Tongji hospital and randomly assigned into 2 groups. One
group received intraperitoneal ropivacaine right before surgery and the control group
received intraperitoneal saline. A standard combined general anesthesia procedure
was performed under regular monitoring. Postoperative pain assessed by the FLACC
scale, post-operative analgesic consumption, time to flatus, time to first stool and
postoperative emetic events were recorded and analyzed.

Results: When compared with the control group, children who received
intraperitoneal ropivacaine experienced less pain 0-4h after surgery (P < 0.001,
difference in median FLACC (95% CI) for 2h time point is 2.00(0.87-3.13), for 4h
time point is 1.00(0.55-1.45) ). In addition, the number of toddlers who received
analgesia 0-24h after surgery in the ropivacaine group was lower than that in the
control group (P < 0.001, difference in proportions(95% CI) is
0.575( 0.3865~0.7638)). Compared with the control group, time to flatus in

ropivacaine group was also much shorter (21.1 h vs 16.7 h, P=0.04, difference in



mean (95% CI) is 4.4(1.49~7.28) ), and the time to first stool after surgery was earlier
in the ropivacaine group (30.7 h vs 25.6 h, P=0.003, difference in mean (95% CI) is
5.1(1.78~8.45)). Furthermore, the incidence of emetic events in the ropivacaine group
was significantly lower than the control group (32.4% vs 11.1%, P=0.03, difference in
proportions(95% CI) is 0.212 (0.0246~0.4002)).

Conclusion: The present results indicate that intraperitoneal ropivacaine reduces
early postoperative pain and improves recovery after laparoscopic herniorrhaphy in
toddlers. Therefore IPLA is a good stratagem for postoperative pain management after
laparoscopic surgery in toddlers.

Key words: ropivacaine, postoperative pain, laparoscopic herniorrhaphy



Introduction

Postoperative pain management in children has particularly become a big
challenge in a hospital or clinical setting. However, during the last 20 years, there
has been a rapid development of new drugs that relieve pain in pediatric patients.
Unfortunately too many children still continue to experience intense pain (1, 2)
especially in developing countries. Many factors that may contribute to their
suboptimal postoperative pain relief include difficulties in quantifying pain in
preverbal children, and fear of serious adverse drug effects.

Of the various procedures undergone by hospitalized children, inguinal hernia
repair (IHR) is a very common elective operation. It is traditionally performed under
general anesthesia and usually caudal block is used to minimize postoperative pain.
Recently, a new rapidly-advancing minimally invasive technique called
laparoendoscopic single-site surgery (LESS) has emerged, which is very popular for
carrying out IHR. However, pediatric postoperative pain management in this kind of
surgery is poorly researched. Intraperitoneal local anesthesia (IPLA) has become an
important addition to modulate postoperative pain and literature suggests that [IPLA
significantly reduces postoperative pain and opioid use in adults after laparoscopic,
general surgical or gynecological procedures (3-6). The aim of this study was to
examine the preemptive analgesia effect of IPLA in toddlers undergoing laparoscopic
inguinal hernia repair by evaluating the postoperative pain score, the need for rescue

analgesic and some other postsurgical outcomes.



Methods

Ethical approval of was obtained from the local Institute’s Ethical Committee
(Huazhong University of Science and Technology, IRB ID: 20130801, 2013/08/02)
and the study protocol registered with ClinicalTrials.gov (NCT: 01997593). After
obtaining written informed consent from parents, 76 children were recruited to the
study during a period of 9 months between October, 2013and June, 2014 at Tongji
hospital (Figurel). The sample was formed of toddlers of both sex, aged between 9
months to 3 years who fulfilled the ASA I and II criteria and were scheduled for
elective laparoscopic inguinal herniorraphy (LIH). Children were excluded from the
study for the following reasons: allergy to anesthetics (propofol, atracurium, local
anesthetics and opioid); if they had any neurological, cardiovascular, digestive system
diseases, muscular diseases, history of abdominal surgery and obesity (defined as a
body mass index 30 kg m?); those without written informed consent were also
excluded.

Grouped by randomization

Randomization was performed by using a computer- generated random web-based
allocation system (Randomization.com) by Professor Hui Yang, who was not
involved in the intervention or assessment. Those enrolled were assigned a subject
number in sequential order of their enrollment into the trial. When the child arrived
in the operation theater, the researcher received from the nurse identical sterile
syringes with either ropivacaine or saline solution, labeled with the randomly assigned

numbers. The nurse as well as other personnel (investigators, surgeon, staff and



participants) was unaware of the assigned intervention group of the child.

Anesthetic regimen

Premedication was administered in the waiting room in the presence of the parents.
All children received 0.03 mg/kg midazolam and 0.06 mg-kg-1 scopolamine
intramuscularly. A strict anesthesia protocol was applied as following: anesthesia was
induced in all children with sevoflurane 8% in oxygen and then they were monitored.
Once a sufficient depth of anesthesia (Guedel phase 3) was achieved, sevoflurane
concentration was reduced to 4% and a venous catheter was inserted. Then fentanyl
3-4pg/kg, propofol 2-3mg/kg and atracurium 0.7 mg/kg were given intravenously
before tracheal intubation. The trachea was intubated 3 min after the administration of
atracurium. An end-tidal CO2 value (35 mmHg-45 mmHg) in the normal range was
achieved with pressure controlled ventilation. Anesthesia was maintained by 2%-3%
sevoflurane and a constant infusion rate of remifentanil 0.3pug-kg'-min”. At the end
of surgery (when the surgeon took trocars out), the remifentanil and sevoflurane were
discontinued. The trachea was extubated when in the head down left lateral position.
All children were transferred to post anesthesia care unit (PACU) where standard
monitoring was established and were observed for one hour. Both surgical time and
anesthesia time were recorded.

Intraperitoneal analgesia

When periumbilical local ropivacaine (0.25%, 2ml) infiltration was done, the Veress
needle or primary trocar was placed through a periumbilical incision. Intraperitoneal

ropivacaine or saline nebulization was performed by using the Aeroneb Pro device, as



demonstrated by P. M. Ingelmo(3). Ropivacaine (1%, 0.3ml/kg) was nebulized in the
abdominal cavity through the primary trocar outlet for about 5 minutes. Then the
peritoneum was desufflated and reinsufflated with CO2 to remove the local anesthetic
mist. After that, the standard surgical procedure of transumbilical single-port
laparoscopic transabdominal preperitoneal repair of inguinal hernia was performed.
Outcome measures

The primary outcome measure was postoperative pain intensity which was evaluated
using the Face Legs Activity Cry Consolability (FLACC) score. FLACC was first
assessed 1 hour after the toddler arrived on the ward (2 hours after surgery) by a
trained investigator blinded to the study groups. By that time, the children and parents
had familiarized themselves to the ward surroundings and atmosphere. The follow-up
was conducted 24 hours postoperatively. The secondary outcome was analgesic
consumption within 24h after surgery. Paracetamol, the rescue analgesic was given
(rectally 30 mg/kg) on the ward when the fixed pain score exceeded a critical value
(FLACC score>3) and then 15 mg/kg every 6 hours. If there was still inadequate pain
relief 2 hours after the first dose of paracetamol (FLACC score>3), tramadol was
administered according to the dose of 2mg/kg. All the analgesic consumption was
recorded. Emetic episodes, time to first flatus and stool passage during the first 24h
postoperative period were reported by the child’s guardian. An emetic episode was
defined as a single vomit or retch or any number of continuous vomits or retches

separated by the absence of both vomiting and retching for at least 3 min.

Quiality control



Researchers were trained before conducting the study; the FLACC score was assessed
by one researcher who was blind to the treatment groups; the height and weight of
children with their ward clothes on was measured without shoes at fasting; and only
one group of surgeons were involved in this study and responsible for both groups.
Statistical analysis

SPSS statistical software version 19.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical analysis. Sample size estimation was based on the assumption that there is a
difference in the first FLACC scores between the two groups. We computed the
sample size needed for a Student’s two-sample t-Test and then adjusted the sample
size based on the ARE of the Mann-Whitney U relative to the t-test. Based on our
preliminary clinical experience, a true difference of 2.0 in mean FLACC scores is
anticipated. A sample size of at least 29 participants in each group was deemed to
be sufficient to give us a power of 0.90 with 95% confidence (one tailed). Since the
A.R.E. for the Mann-Whitney U is never less than 0.864, in practice we adjusted the
final sample size to 34(29 divided by 0.864). Measurement data were expressed as
mean+ standard deviation (SD) and were analyzed by Student's t test. Nominal and
dichotomous data such as sex were expressed as percentage and comparison was
made by y2 test. Difference in proportions were calculated by an online applets

(http://www.math.hope.edu/isi/applets.html). Difference in medians were calculated

by an applets which downloaded from online

(http://www.gmw.rug.nl/~huisman/spssmanual ). Ordinal data such as FLACC scale

were expressed as median (range) and were analyzed using Mann—Whitney U test.
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P<0.05 was considered statistically significant.

Results

Groups’ equivalence

Out of a total of 76 children assessed for eligibility, four were excluded because their
operation changed to laparotomy and two due to an asthmatic attack in PACU.
Seventy were therefore enrolled onto the study and subsequently randomized to the
two groups: Control group (n=34) or Ropivacaine group (n=36) using computer
generated random numbers and sealed envelopes. Participant characteristics are
illustrated in Table 1. The two randomized groups were well matched for age, gender,
and weight. No significant differences were observed between the two groups for

either the mean operation time, or anesthesia time.

TABLE 1 about here

Intraperitoneal analgesia can reduce postoperative pain

During the time period 0 to 2h, only 7 children in the ropivacaine group had a FLACC
score >3 and received paracetamol rectally. However, in the control group there were
29 children who needed analgesic administration. Similarly, 0-24h after surgery, the
number of children in the ropivacaine group who required analgesic administration
was lower than that in the control group (P<0.01)(Table 2). Furthermore, there were 4
toddlers in the control group that were administered tramadol in comparison to only

one in the ropivacaine group (not statistically differen, Table 2). These results indicate
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that analgesic consumption in the ropivacaine group was notably lower than that in
the control group.

Postoperative pain intensity was evaluated by the FLACC scale and the results are
shown in Table 3. 2h after operation, the FLACC score in the ropivacaine group was
significantly reduced than that in the control group (P<0.001). Even 4 hours after
surgery, the FLACC score in ropivacaine group remained markedly lower than the
control group (P<0.001). During 4 to 24 h, no further significant differences were
found between the two groups. These results demonstrate that during 0-4h, the

children in the ropivacaine group experienced less postoperative pain than the control

group.

TABLE 2 about here

TABLE 3 about here

Intraperitoneal analgesia can shorten the postoperative recovery time of
gastrointestinal function.

Variables evaluating recovery of bowel function are summarized in Table 4.
Compared with the control group, time to flatus in the ropivacaine group was much
shorter (P<0.05). The time to first stool after surgery occurred earlier in the

ropivacaine group (P<0.01). Furthermore, the incidence of emetic events in the
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ropivacaine group was significantly lower than in the control group (P<0.05). These
results illustrate that the intraperitoneal ropivacaine administration significantly

benefits recovery of gastrointestinal function and reduces postoperative emetic events.

TABLE 4 about here

Discussion

The results of this study confirm that the technique of IPLA relieved
postoperative pain considerably and improved postsurgical outcome in those toddlers
who received laparoendoscopic single-site inguinal herniorraphy. Nowadays,
postoperative pain in children is still often undertreated (7), especially in developing
countries. There are several reasons for this suboptimal alleviation of pain in children:
difficulties in quantifying pain in preverbal children (8), parental behavior and
misconceptions regarding pain medications, including fear of opioid addiction and
serious adverse analgesic effects, inter-patient variability in pain perception and
analgesic requirements (9), differences in pharmacodynamics and pharmacokinetics
(10), and so on. Here, by investigating ropivacaine, we found that the technique of
IPLA could provide an ideal way for postoperative pain management after
laparoendoscopic surgery in toddlers. This way, other analgesic consumption such
as opioids and NSAIDS could be significantly reduced.

Ropivacaine is the preferred local anesthetic in adults because of its long duration,

reduced CNS toxicity and cardiotoxic potential compared to bupivacaine (11). Some



13

studies have shown that intraperitoneal ropivacaine (the maximum safe dose is 3 to 4
mg/kg) is safe with a similar pharmacokinetic profile to that of extravascular
administration (12, 13). In Callesen’s study, a total dose about 4mg/kg of ropivacaine
was used for combined field block and i.p. instillation and no signs of local
anaesthetic toxicity were found(14). Ropivacaine is a highly bound toal-acid
glycoprotein (AAG), which means that the concentration of AAG in plasma may
markedly affect the free drug concentration of ropivacaine. AAG concentrations are
very low at birth but progressively increase to adult level in the next 9-12 months.
Thus, in toddlers, the risk of low levels of AAG causing increased free drug in plasma
is rare. In this study, for safety, the dosage of IP ropivacaine (<3mg/kg) is at a
relatively low dose when compared with the adult dose (3-4 mg/kg). In practice, we
did not notice systemic side effects of ropivacaine in any children, but patients were
under general anesthesia when ropivacaine administrated and could not describe
minor central nerve system toxic symptoms such as visual and hearing disturbance,
tingling, perioral numbness, and so on. Ropivacaine has been shown to have duration
of about 4 hours in many previous studies (15-18). In this study, 79.5% of children in
the ropivacaine group did not receive any rescue analgesic during the first 24
hours ,which may suggest that the duration of ropivacaine may be longer than 4 hours
in toddlers, which is in agreement with  findings of other studies (11, 19).

The pain experience (including occurrence rate, location and character)
after laparoscopic surgery in toddlers is not well documented. In adults, abdominal

and shoulder pain following laparoscopy is common. In this study, 2 hours after
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surgery, there were about 85% children in the control group who had a FLACC score
over 3 and needed analgesic administration. This indicates that post laparoscopic
surgery pain in toddlers is also prevalent. Both surgical manipulations and complex
neural dissection contribute to post laparoscopic surgery pain: pneumoperitoneum
resulting in peritoneal stretching, diaphragmatic irritation, changes in intra-abdominal
pH, and retention of the insufflated gas in the abdominal cavity after surgery. Two
neural afferents are also stimulated after laparoscopic surgery: the peripheral somatic
nervous system is activated as a result of direct insult to the abdominal wall. The
second pathway arises from visceral neural irritation and most of its sensory fibers
appear to converge via the celiac plexus and subdiaphragmatic vagus nerve, bypassing
the spinal cord.

Intraperitoneal delivery of ropivacaine has also been reported to reduce
postoperative pain and opioid analgesic requirements (20, 21) and our results are in
agreement with this finding: as toddlers who received IPLA with ropivacaine, their
FLACC score was significantly lower than of those in the control group 0-4h after
surgery. Intraperitoneal ropivacaine probably works through several pathways. Firstly,
it inhibits action potentials and the neural transmission of local nerve fibers at high
concentration. Secondly it can modulate pain pathways at low plasma concentrations
achieving a systemic effect (22, 23). Systemic effects involve direct interaction of the
local anesthetic with neuronal tissue (24, 25) as well as indirect mechanisms via a
reduction of circulating pro-inflammatory cytokines (26, 27). Recently published data

concluded that ropivacaine may be useful in suppressing inflammation, mechanical
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and visceral hypersensitivity (28, 29) and can even be used to treat chronic pain states
in the same way(30).

Good post-surgery analgesia management is beneficial for the outcome of
surgery. Some studies have reported that effective postoperative analgesia improves
patients’ post-surgery outcomes such as early ambulation, decrease in side effects and
so on (31-33). In contrast, poor pain control has been known to alter body metabolic
response that can lead to delayed recovery, increased morbidity, prolonged hospital
stay and the development of chronic pain state. In this study we showed that
intraperitoneal ropivacaine could promote the recovery of gastrointestinal function
and decrease post-surgical emetic events in toddlers. Nonetheless, previous reports
have illustrated that the administration of intra- and postoperative epidural local
anesthesia leads to improved bowel motility (19). Intraoperative instillation of
ropivacaine might provide better outcomes related to postoperative bowel recovery in
a similar fashion.

Limitation

Our results should be interpreted with caution because of some limitations.
Firstly, the study sample; the relatively limited number of pediatric patients involved
could be the reason why no complications or adverse reactions to ropivacaine
occurred. It also remains unclear whether the lack of significant differences in
tramadol consumption between the groups after surgery was due to the small sample
size. Secondly, the sex ratio (male/female) was unequal in this study (10~15:1).

However, currently there is no evidence showing that there is a significant



16

difference in post-surgery pain between boys and girls. In future, further studies

may be needed to provide answers to these questions.
Conclusion

This study suggests that intraperitoneal ropivacaine could relieve postoperative
pain in toddlers, who undergo laparoscopic inguinal herniorraphy (LIH), as
demonstrated by the lower pain scores and decreased use of rescue analgesic. This
technique may also contribute to the recovery of gastrointestinal function and

reduction of post-surgical emetic events.
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Assessed for eligibility (n=76)

Excluded (n=0)
+ Declined to participate (n=0)
+ Other reasons (n=0)

Randomized (n=76 )

;

l

| Allocation | l

Allocated to ropivacaine group (n=38)

+ Received allocated intervention (n=38)

+ Did not receive allocated intervention (give
reasons) (n=0 )

Allocated to control group (n=38)

+ Received allocated intervention (n=38)

+ Did not receive allocated intervention (give
reasons) (n=0)

rotowts ) |

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=2)

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=4)

Reasons: operation changed to laparotomy(n=1); Reasons: operation changed to laparotomy(n=3);

asthmatic attack in PACU(n=1)

asthmatic attack in PACU(n=1)

l

) l

Analysed (n=36)

| | Analysed (n=34)



Tablel. Demographic and clinical characteristics of the two groups

Control group (n=34)  Ropivacaine group(n=36)

Age(m) 21.6+8.4 19.7£6.0
Sex ratio(M/F) 31/3 34/2

Weight(kg) 12.3+2.6 11.8+2.6
Operative time(min) 55.9+13.3 51.5+114
Anesthesia time(min) 73.7113.6 71.6 £14.7

Data are presented as mean (SD), or frequency,



Table 2 Postoperative analgesic consumption in the two groups

Control group Ropivacaine P value Difference in proportions
(n=34) group (n=36) (95% ClI)
NSAID (0-24 h) [n (%)] 29(85.3%) 10(27.7%) 0.000 0.575( 0.3865~0.7638)
NSAID (0-2h) [n (%)] 29(85.3%) 7(19.4%) 0.000 0.658(0.4827~0.8342)
NSAID (2-4h) [n (%)] 0 3(8.3%) 0.258 0.083 (-0.0070~0.1736)
NSAID (4-24h) [n (%)] 0 0 - -
Tramadol (0-24h) [n (%)] 4(11.8%) 1(2.78%) 0.320 0.090(-0.0310~0.2107)

All data are shown as number of patients n (%) for NSAIDs or tramadol.



Table 3 Postoperative pain intensity after laparoscopic herniorrhaphy

Control group (n=34)

Ropivacaine group (n=36)

P value

Difference in median

(95% Cl)

FLACC 2h
FLACC 4h
FLACCG6h
FLACC 8h
FLACC 12h
FLACC 24h

5.00(3.97-6.03)
3.00(3.00-3.00)
2.00(2.00-2.00)
1.50(0.98-2.02)
1.00(0.48-1.52)
1.00(1.00-1.00)

3.00(2.55-3.45)
2.00(1.55-2.45)
1.50(1.05-1.95)
1.00(0.55-1.45)
1.00(1.00-1.00)
1.00(0.55-1.45)

0.000
0.000
0.183
0.303
0.108
0.703

2.00(0.87-3.13)
1.00(0.55-1.45)
0.50(0.05-0.95)
0.50(-0.18-1.18)
0.00(-0.52-0.52)
0.00(-0.45-0.45)

Data are expressed as median (95% confidence interval)



Table 4. Comparison of bowel function recovery time and postoperative emetic events

Control group Ropivacaine Pvalue Difference in mean or
(n=34) group (n=36) proportions (95% CI)
Time to first flatus(h) 21.1+6.8 16.7£5.3 0.004 4.4(1.49~7.28)
Time to first stool(h) 30.7+£7.4 25.6%6.5 0.003 5.1(1.78~8.45)
Patients with emetic events 11(32.4%) 4(11.1%) 0.030  0.212 (0.0246~0.4002)

Data are expressed as mean (SD) or number of patients n (%).



