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ABSTRACT

Background: Duration of analgesia with incisional infiltration using local anesthetics is short. Ketamine and dexamethasone are known
for their role as adjuvants to local anesthetics. Objective: The present study compared the effects of ketamine and dexamethasone on the
duration of analgesia when combined with bupivacaine for incisional infiltration in pediatric abdominal operations. Methods: A total of 150
children (1-8 years) undergoing open abdominal operations were randomized equally into three groups to receive incisional infiltration with
Bupivacaine 0.25% 1 ml/kg (GpB), ketamine 1 mg/kg + bupivacaine (GpK), and dexamethasone 0.2 mg/kg + bupivacaine (GpD). Groups were
compared for time for first analgesic dose (primary outcome), number of children requiring rescue analgesia; number of rescue analgesia
doses; and FLACC scores (in the first 24 h postoperatively). Results: Time for first analgesic dose was significantly longer with ketamine (7.7
+ 2.41 h) and dexamethasone (7.46 + 2.77 h) compared to bupivacaine (3.44 + 1.34 h) (P < 0.001). FLACC scores were significantly lower
in the dexamethasone and ketamine groups compared to bupivacaine at 4 h, 6 h, 8 h, 10 h and 12 h postoperatively (P < 0.001). Forty-eight
children in the bupivacaine group required rescue analgesia which was significantly higher than the ketamine and dexamethasone groups (36
and 29 children respectively, P < 0.001. Conclusion: Combining either ketamine or dexamethasone with bupivacaine for incisional infiltration
prolonged the duration of analgesia after pediatric abdominal operations.
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RESUMEN

La duracion de la analgesia con infiltracién de la incision usando anestésicos locales es corta. La ketamina y la dexametasona son conocidas
por su papel como adyuvantes de los anestésicos locales. Objetivo: El presente estudio compar6 los efectos de la ketamina y la dexametasona
sobre la duracién de la analgesia cuando se combinaron con bupivacaina para la infiltracion incisional en operaciones abdominales pediatricas.
Métodos: Un total de 150 nifios (1-8 afos) sometidos a operaciones abdominales abiertas fueron aleatorizados en tres grupos para recibir
infiltracion con bupivacaina 0,25% 1 ml/kg (GpB), ketamina 1 mg/kg + bupivacaina (GpK) y dexametasona 0,2 mg/kg + bupivacaina (GpD).
Los grupos se compararon por tiempo para la primera dosis analgésica de rescate (resultado primario), nimero de nifos que requirieron
analgesia de rescate; numero de dosis de analgesia de rescate; y puntuaciones FLACC (en las primeras 24 h del posoperatorio). Resultados:
El tiempo para la primera dosis analgésica fue significativamente mayor con ketamina (7,7 + 2,41 h) y dexametasona (7,46 + 2,77 h) en
comparacién con bupivacaina (3,44 + 1,34 h) (P < 0,001). Las puntuaciones FLACC fueron significativamente mas bajas en los grupos de
dexametasona y ketamina en comparacion con bupivacaina a las 4 h, 6 h, 8 h, 10 h y 12 h después de la operacién (P < 0,001). Cuarenta
y ocho nifios en el grupo de bupivacaina requirieron analgesia de rescate que fue significativamente mayor que los grupos de ketamina y
dexametasona (36 y 29 nifios respectivamente, P < 0,001. Conclusion: La combinacion de ketamina o dexametasona con bupivacaina para
la infiltracién incisional prolongé la duracion de la analgesia después de operaciones abdominales pediatricas.
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Introduction

and multimodal approach is necessary for proper pain

management. Owing to concerns about side effects of
opioid administration and difficulties in pain assessment, chil-
dren are still subject to suboptimal pain management at many
centers[1].

Incisional infiltration with local anesthetics is an affordable
and simple method of providing postoperative pain relief that
has endured competition with other modalities for postopera-
tive pain management[2].

When injected into the surgical wound, local anesthetics
inactivate sodium channels in peripheral nerve endings, thus
preventing impulse propagation along these nerves[3].

The main limitation of this technique is the short duration
of analgesia. For this reason, many adjuvants (as a.2 agonists,
opioids and magnesium) have been used in combination with
local anesthetics to increase the magnitude and duration of an-
algesia[4].

Ketamine is a popular intravenous anesthetic that produc-
es dissociative anesthesia by blocking N-Methyl D-Aspartate
(NMDA) receptors. Ketamine is also known for its potent anal-
gesic effects and its role as an adjuvant to local anesthetics has
been demonstrated in previous studies[5].

Another drug possessing analgesic properties is dexameth-
asone which is well known for its potent anti-inflammatory
effects. Many studies have revealed the prolongation in the
duration of analgesia when dexamethasone was combined
with local anesthetics in neuraxial anesthesia, peripheral nerve
blocks and local infiltration in both children and adults[6].

Thus far, no previous study has compared the effects of
ketamine and dexamethasone as adjuvants to local anesthesia
for incisional infiltration.

The aim of this study was to compare the effects of both
ketamine and dexamethasone on the duration of analgesia
when combined with bupivacaine for incisional infiltration in
pediatric abdominal operations.

Pain after open abdominal surgery in children is significant

Patients and Methods

After gaining institutional ethical clearance (FMASU R
122a/2020) from Faculty of Medicine, Ain Shams University
and informed consent from the child’s parent or guardian, this
prospective, randomized study was carried out in Ain Shams
University Pediatric Surgery department on 150 children aged
1-8 years undergoing open abdominal operations. The study
was registered in ClinicalTrials.gov NCT05190952. This clinical
trial was in accordance with the standards of the Helsinki Dec-
laration (1975, revised in 2013).

Children were randomized using computer generated ran-
dom numbers into three groups of 50 patients each. Group B:
Bupivacaine 0.25% 1 ml/kg was injected subcutaneously before
wound closure. Group K: in addition to bupivacaine, ketamine
1 mg/kg (diluted in 10 ml normal saline) was injected subcuta-
neously before wound closure. Bupivacaine and ketamine were
administered using two separate syringes. Group D: in addition
to bupivacaine, dexamethasone 0.2 mg/kg (diluted in 10 ml
normal saline) was injected subcutaneously before wound clo-
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sure. Bupivacaine and dexamethasone were administered using
two separate syringes.. CONSORT flow diagram is presented in
Figure 1.

The primary outcome was the time needed for the first
analgesic dose. Secondary outcomes included need for rescue
analgesia (number of children requiring rescue analgesia and
number of rescue analgesia doses in the first 24 h postopera-
tively), FLACC[7] pain scores (in the PACU, then 2 hourly for 12,
and then 4 hourly for the next 12 hours), heart rate and mean
blood pressure (at baseline [before infiltration], in the PACU,
and then 2 hourly for 24 h ), incidence of wound complica-
tions (over a period of 7 days) and incidence of postoperative
nausea and vomiting (PONV).

For all groups, drugs were withdrawn into sterile syringes by
the attending anesthesiologist and injected by the surgeon who
was blinded to the allocation. Pain assessment in the PACU was
done by an independent anesthesiologist and by a bedside
nurse thereafter. Both were blinded to the study allocation.

First analgesic dose

If the FLACC scale was more than 3 either during intervals
of FLACC recording or in between, intravenous paracetamol
was provided at a dose of 15 mg/kg (10 mg/kg for children less
than 10 kg) then fixed around the clock every 6 h.

Rescue analgesia

If pain persisted or recurred, rectal diclofenac 1mg/kg or
ibuprophen 10 mg/kg (in children in whom oral intake has been
allowed) were administered and repeated in 8 h if needed. In
children with FLACC scores more than 6 (denoting severe pain),
0.5 ug/kg fentanyl IV was given in addition to NSAIDs.

Exclusion criteria included history of diabetes, cardiac or
neurological disease, risk of wound complications (as infected
wound, history of wound dehiscence, hypoalbuminemia), mul-
tiple incision sites, and cases scheduled as day-cases.

Anesthetic technique

In all children, anesthesia was induced by sevoflurane (8%)
followed by insertion of an IV line or propofol 2mg/kg IV (pre-
mixed with lidocaine 0.1%) in children arriving to the OR with
an IV line. Fentanyl 2 ug /kg and atracurium 0.5 mg/kg were
then administered followed by endotracheal intubation and
mechanical ventilation. Anesthesia was maintained with sevo-
flurane in oxygen.MAC levels were adjusted according to age
and autonomic responses (MAC-BAR). Additional boluses of
0.5-1 pg/kg fentanyl were administered in the first hour of
surgery in children with heart rates remaining above 20% of
baseline after exclusion of other possible causes of tachycardia.
No other analgesics were given intraoperative. All children were
monitored using ECG, non-invasive blood pressure cuff, pulse
oximeter and temperature probe. Ringer acetate was used as
the replacement fluid. At the end of surgery, the trachea was
extubated after reversal of the muscle relaxant with neostig-
mine 0.05 mg/kg + atropine 0.02 mg/kg and the child trans-
ferred to the PACU then to the surgical ward or the intensive
care unit.
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Figure 1. CONSORT Flow Diagram.

Sample size calculation

The sample size was calculated using PASS program version
15, setting alpha error at 5% and power at 95%. Results from
a previous study Mohamed et al., 2018[8] showed that among
ketamine group the time to receive analgesia was 7.6 + 4.1 h
compared to 4.2 + 2.1 h in bupivacaine group and according
to Subhedar et al., 2016 [9] the mean time for dexamethasone
group was 4.3 = 0.8 h. Based on this data a minimal sample
of 38 cases per group was needed. However, the sample size
was set at 50 cases per group do compensate for any possible
dropouts (Sampling Method: simple random sampling).

Statistical methods

SPSS (V.210.0, IBM Corp., USA, 2015) was used for data
analysis. Categorical data were analyzed using the chi-square
test. Numerical data were analyzed using Analysis of variance
(ANOVA) and Student's t-test as post-hoc test. Quantitative
parametric data were expressed as mean (standard deviation,
SD). Non-normally distributed data was presented as median
(Interquartile range: first quartile-third quartile) and compared
non-parametrically using Mann-Whitney U-test. Significance
was set at P < 0.05.

Results

There were no significant differences between the three
groups with regard to age, sex, weight, type of operation and
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duration of surgery, P > 0.05 (Tables 1 and 2).

Time for first analgesic dose was significantly longer with
ketamine (7.7 + 2.418 h) and dexamethasone (7.46 + 2.77 h)
compared to bupivacaine (3.44 + 1.34 h) (P < 0.001). Forty-
eight children in the bupivacaine group required rescue anal-
gesia in the first 24 h postoperatively which was significantly
less than the ketamine and dexamethasone groups (36 and 29
children respectively, P < 0.001). Ketamine and dexamethasone
groups are comparable as regards for time for first analgesic
dose (P = 0.64) and number of children requiring rescue anal-
gesia (P = 0.09) (Table 3).

Analysis of number of children requiring rescue analgesia
showed a significantly smaller number of children requiring 2
doses of rescue analgesia in ketamine (3 children) and dexa-
methasone (1 child) groups compared to bupivacaine group (19
children), P < 0.001. Two children in the bupivacaine group did
not need rescue analgesia compared to 14 children in the ket-
amine group (P =0.001) and 21 children in the dexamethasone
group (P < 0.001).

FLACC scores were significantly lower in groups D and K
compared to bupivacaine group at4 h, 6 h,8h, 10 hand 12 h
postoperatively, (P < 0.001) but comparable between groups K
and D.In PACU and at 2 h, 16 h, 20 h and 24 h postoperatively,
FLACC scores were comparable between groups B, K and D
(Figure 2).

Groups B, K and D were comparable with regard to heart
rate and mean blood pressure at baseline, in the PACU and at
every 2 h for 24 h, P > 0.05 (Figures 3 and 4). There were no
significant differences between groups with regard to the inci-
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1. Patient Demographics and duration of surgery

Gp. B Gp.K GP.D P-value
(n = 50) (n = 50) (n = 50)
Age (months) 48.84 (25.63) 47.68 (24.8) 50.88 (25.2) 0.81
Sex(M:F) 29:21 26:24 24:26 0.6
Weight (kg) 15.24 (4.59) 16.98 (10.96) 15.56 (4.68) 0.45
Duration of surgery (h) 2.62(0.67) 2.53(0.65) 2.64(0.72) 0.69

B: = Bupivacaine; K: = Ketamine; D: = Dexamethasone; Data presented as mean (standard deviation) or number (%).

Table 2. Type of abdominal surgery

Gp.B Gp.K GP.D
(n =50) (n = 50) (n = 50)
Type of surgery [N(%)]
Laparotomy 10 (20%) 9 (18%) 11 (22%)
Nephrectomy 3 (6%) 4 (8%) 3 (6%)
Pyeloplasty 8 (16%) 9 (18%) 10 (20%)
Nissen fundoplication 4 (8%) 3 (6%) 3 (6%)
Splenectomy 2 (4%) 3 (6%) 3 (6%)
Hepatectomy 1 (2%) 1(2%) 0 (0%)
Closure of colostomy /ileostomy 10 (20%) 9 (18%) 11 (22%)
Bladder augmentation 3 (6%) 2 (4%) 2 (4%)
Appendectomy 9 (18%) 10 (20%) 7 (14%)

B: = Bupivacaine; K: = Ketamine; D: =Dexamethasone; Data presented as number and percentage of patients.

I
Table 3. Time for first analgesic dose and need for rescue analgesia

Gp. B Gp.K GP.D P- value
(n = 50) (n = 50) (n = 50)
Gp B vs K Gp.Bvs D Gp.K vs D
Time for first analgesic dose (h ) 3.44 (1.34) 7.7 (2.41) 7.46 (2.77) 0.00* 0.00* 0.64
Number of children requiring rescue 48 (96%) 36 (72%) 29 (58%) 0.00* 0.00* 0.09
analgesia [N (%)]
Number of doses of rescue analgesia
0 2 14 21 0.001* 0.00* 0.14
1 24 32 27 0.1 0.06 0.72
2 19 3 1 0.00* 0.00* 0.3
3 5 1 1 0.09 0.09 1

*= P < 0.05; B; = Bupivacaine; K: = Ketamine; D: = Dexamethasone; Data presented as mean (standard deviation) or number (%).

dence of PONV in groups B (6%), K (8%), and D (6%) (P > 0.05)
and no detected wound complications for all cases during the
7-day follow up.

Discussion

In the current study, administration of either ketamine or
dexamethasone as adjuvants to bupivacaine for incisional infil-
tration in pediatric abdominal operations resulted in prolonged

duration of postoperative analgesia evident by delayed time for
first analgesic dose, decreased postoperative FLACC scores and
a smaller number of children requiring rescue analgesia com-
pared to bupivacaine alone.

To the best of our knowledge, no previous study has com-
pared the effects of ketamine and dexamethasone as adjuvants
to local anesthesia for perioperative wound infiltration. Howev-
er, the beneficial effects on the quality of pain control provided
by dexamethasone or ketamine when combined with local an-
esthetics have been supported by previous studies in both the
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Figure 2. Postoperative median FLACC scores
*= P < 0.05 Groups K vs B and Groups D vs B
PACU = Post Anesthesia Care Unit; B: = Bupi-
vacaine; K: = Ketamine; D: = Dexamethasone;
FLACC = Face, Legs, Activity, Crying, Conso-
lability.

Figure 3. Heart rate among the study groups.
Error bars denote standard deviation. B: =
Bupivacaine; K: = Ketamine; D: = Dexametha-
sone.

Figure 4. Mean blood pressure among the
study groups. Error bars denote standard de-
viation. B: = Bupivacaine; K: = Ketamine; D: =
Dexamethasone.
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pediatric and adult populations.

The analgesic effects of dexamethasone can simply be
attributed to the decreased production of pain mediators at
nerve endings. Moreover, following peri-neural administration,
dexamethasone acts on glucocorticoid receptors increasing the
expression of inhibitory potassium channels resulting in mem-
brane stabilization of nociceptive C fibers. The prolongation of
the action of local anesthetics may be also due local vasocon-
striction produced by local steroid injection. Furthermore, bupi-
vacaine possesses pro-inflammatory effects that may be coun-
teracted by the anti-inflammatory effects of dexamethasone.
[10]-[11].

The results of the study by Subhedar et al[9] showed a de-
layed time for rescue analgesia when dexamethasone was used
for wound infiltration in combination with lidocaine in day case
surgery. Similarly, adding dexamethasone to ropivacaine re-
sulted in reduced pain scores when used for scalp infiltration in
craniotomy operations[12].

Evaristo-Mendez[13]. combined dexamethasone with ropi-
vacaine for incisional infiltration during laparoscopic cholecys-
tectomy resulting in decrease in the intensity of pain at 12 and
24 h postoperatively compared to ropivacaine alone. Moreover,
combining dexamethasone with lidocaine for local infiltration
before episiotomy resulted in significant pain relief[14].

Interestingly, incorporation of dexamethasone into extend-
ed-release bupivacaine microcapsules administered subcutane-
ously significantly increased the duration of local analgesia in
human volunteers[15].

In contrast, the study carried by Rao et al., in 45 patients un-
dergoing temporomandibular joint ankyloses surgery showed
that 24 h pain control provided by ropivacaine wound infiltra-
tion was comparable to ropivacaine mixed with dexamethasone
0.1 mg/kg[16]. However, the sample size in the latter study was
relatively small and the dose of dexamethasone was less than
that used in the present study.

The results of the studies investigating the analgesic effects
of peritonsillar dexamethasone infiltration in tonsillectomy sur-
geries are conflicting. Addition of dexamethasone to levobupi-
vacaine for preoperative peritonsillar infiltration in children by
Basuni et al.[17] improved postoperative analgesia compared
to levobupivacaine infiltration + intravenous dexamethasone.
On the other hand, in the study carried by Montazeri et al.[18],
pre-incisional infiltration of tonsils did not reduce post-tonsillec-
tomy pain in children compared to normal saline, perhaps be-
cause it was used as a sole analgesic agent not as an adjuvant.

There is no consensus about the optimal dose of dexameth-
asone for wound infiltration. Doses of 0.1 mg/kg in peripheral
nerve blocks[19] and up to 0.2 mg/kg in caudal blocks[20]
have been used successfully and safely. Although doses up to
0.5 mg/kg have been used for peritonsillar infiltration in chil-
dren[18], we find this dose relatively high.

Ketamine is a dissociative anesthetic that antagonizes
NMDA receptors. Through this mechanism of action, it also re-
duces central hyper-sensitization. Additionally, at small doses,
ketamine interacts with opioid receptors. At therapeutic doses,
ketamine also has local anesthetic properties through its ability
to inhibit neuronal sodium channels[21].

The elimination half -life of ketamine is 100-180 minutes.
However, in the current study the time for first analgesic dose
after ketamine wound infiltration was 7.7 £ 2.41 h and FLACC
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scores were significantly lower 4 to12 hours postoperatively
compared to bupivacaine. This prolonged effect can be ex-
plained by ketamine’s anti-inflammatory effects as well as its
ability to decrease acute opiate tolerance and central hyper-
sensitization of nociceptors. Moreover, the active metabolite,
nor-ketamine also contributes to the extended analgesic effects
of ketamine[22].

The results of the study carried by Oham et al[23]. revealed
that subcutaneous ketamine prolonged the analgesic effect of
bupivacaine after unilateral herniotomy in children.

According to Mohamed et al.[8], combining ketamine with
bupivacaine for wound infiltration in patients undergoing total
abdominal hysterectomy provided better perioperative analge-
sia in addition to attenuating the stress response to surgery.

Moreover, addition of ketamine to levobupivacaine pro-
longed the duration of postoperative analgesia, and decreases
24 h opioid consumption when used for wound infiltration in
cesarean sections[24].

When compared directly to bupivacaine for surgical site
infiltration in open cholecystectomy and pyelolithotomy, ket-
amine had a comparable effect to bupivacaine but with a lon-
ger duration of action[25]. Similarly, wound infiltration with
ketamine showed a longer time for rescue analgesia compared
to bupivacaine in cleft palate surgeries[26].

The dose of ketamine in the aforementioned studies ranged
from 0.5 - 2 mg/kg. However, according to Sarhan et al.[27],
pre-incisional tonsillar infiltration doses as low as 0.25 yielded
satisfactory pain relief with minimal side effects.

The role of ketamine as a sole agent for wound infiltration
has been assessed in previous studies. Pre-incisional ketamine
at a dose of 2 mg/kg successfully decreased pain scores after
open cholecystectomy compared to placebo[28]. Surprisingly,
in the study carried by Khajavi et al.[29] to compare ketamine,
tramadol, tramadol + ketamine and placebo (16 patients in
each group) for incisional infiltration in renal surgery, ketamine
was comparable to placebo. This may be related to small sam-
ple size and the smaller dose of ketamine used in the study (0.5
mag/kg).

It should be noted that wound infiltration (WI) with local
anesthesia is considered as part of ‘basic-level’ multimodal
postoperative analgesia according to the European Society of
Pediatric Anesthesia (ESPA) pain management ladder[30]. De-
spite improvements in the effectiveness and duration of the
provided analgesia owing to the use of adjuvants, there is no
evidence that single-shot WI can be used as an alternative to
more advanced techniques as ultrasound guided abdominal
blocks and epidural analgesia. Nevertheless, single shot WI re-
mains an attractive choice in low resource settings.

An important modification of the WI technique is the use of
catheters to provide continuous wound infiltration (CWI). Ac-
cording to a previous meta-analysis, CWI was comparable to
epidural analgesia as regards pain scores at rest 24 hours after
abdominal surgery with less incidence of urinary retention. [31]
Another systematic review and meta-analysis concluded that
pre-peritoneal catheters were superior to subcutaneous cath-
eters and can be used as an alternative to epidural analgesia
with less incidence of hypotension and better patient satisfac-
tion[32].

The nociceptive system is not fully developed in early years
of life. Repeated painful experiences may alter brain plasticity
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and retard neurodevelopment. Hence, in children, it is crucial to
implement multimodal strategies that block most of the steps
of nociception. Accordingly, WI should always be used as part
of a ‘'multimodal approach’ with pre-incisional infiltration being
superior to post-incisional techniques as blocking early steps of
nociception prevents propagation of pain impulses to the cere-
bral cortex, thereby minimizing the potential impact on neuro-
plasticity[33].

Apart from incisional infiltration, both ketamine and dexa-
methasone have been compared as adjuvants to local anes-
thetics in peripheral nerve blocks with discrepant results. The
analgesic effect of both drugs was comparable but superior
to lidocaine alone when used in transthoracic paravertebral
and combined femoral- sciatic nerve blocks[34]-[35]. Time for
first analgesic request was longer with dexamethasone vs ket-
amine when combined with bupivacaine in inter-scalene block
for arthroscopic shoulder surgeries[36]. Similarly, when com-
bined with lidocaine, dexamethasone was superior to ketamine
in terms of increasing duration of sensory and motor axillary
blocks in patients undergoing hand and forearm soft tissue sur-
geries[37].

Limitations and future aspects

The main limitation of this study is that the type of abdomi-
nal surgery in the children included in the study was not unified
which may have led to a variation in postoperative pain inten-
sity. Another limitation is that the inclusion of a wide range of
age groups may have led to variations in the pharmacokinetics
and pharmacodynamics of the analgesic drugs used, potentially
impacting analgesia times.

Further multi-centric studies with larger sample sizes are
still needed to support the results of the current study. Inves-
tigating other outcomes such as long-term analgesic effects,
onset of mobilization and duration of hospital stay should also
be considered. Moreover, visceral pain is not covered by WI
techniques, and combining WI with other regional anesthesia
techniques to cover all the steps of nociception should be put
into consideration

Conclusion

Combining either ketamine or dexamethasone with bupiva-
caine for incisional infiltration prolonged the duration of anal-
gesia after pediatric abdominal operations.
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