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Summary

Introduction. Opioid-induced hyperalgesia is characterized by a paradoxical response whereby a patient receiving
opioids for pain management could actually become more sensitive to certain painful stimuli. Regional anesthesia can also
impact central sensitization and reduce hyperalgesia after surgery.

The objective of the study was to determine the method of preventing hyperalgesia in the early postoperative period
when using different analgesic regimens in children after anterior abdominal wall surgery.

Materials and Methods. The study included 87 children at the age of 7-18 years who underwent anterior abdominal
wall surgery using different analgesic techniques. Group I included 33 children who underwent anterior abdominal wall
surgery under general anesthesia using fentanyl. Group Il comprised 27 children who underwent anterior abdominal
wall surgery under general anesthesia using the transversalis fascia plane block (TFPB). Group III involved 27 children
who underwent anterior abdominal wall surgery under general anesthesia using the TFPB, combined with the quadratus
lumborum block 4 (QLB-4) via a single injection.

All clinical and laboratory studies were conducted in accordance with the World Medical Association Declaration of
Helsinki “Ethical Principles for Medical Research Involving Human Subjects”. According to the Law, prior to a subject’s
participation in the study, a written informed consent form was signed by each subject (parents/adult guardians). The
manuscript was approved by the Ethics Committee of the Communal Non-Profit Enterprise “Ivano-Frankivsk Regional
Children’s Clinical Hospital of Ivano-Frankivsk Regional Council”, as evidenced by an Excerpt from the Minute of the
Committee Meeting No. 2 dated February 24, 2022.

The results obtained were statistically processed using statistical measures of variation, correlation analysis, Student’s
t-test. Differences were considered statistically significant at p<0.05. The proportions were statistically compared by a z-test.

The study is a fragment of the research project of the Department of Children Diseases of Postgraduate Medical
Education Faculty, Ivano-Frankivsk National Medical University “Health Status and Adaption of Children from the Pre-
Carpathian Region with Somatic Diseases, Their Prevention” 2021-2026, state registration number 0121UI111129; the
author is a co-researcher.

Results. In most (48.5 %) patients of Group I, the response to stimulation occurred only when applying pressure forces
of 8 and 10 g, while the motor response was observed to stimulation with a pressure force of 8 g, with the FLACC scale
score of 5.1%0.3, indicating insufficient pain threshold and potential development of opioid-induced hyperalgesia in the
early postoperative period. In patients of Group Il and Group III, the response to stimulation occurred when applying a
pressure force of 8 g and the FLACC scale scores were 2.9£0.27 and 2.4+0.32, respectively (p<0.05).

Conclusions. The results obtained confirmed the benefits of using regional anesthesia techniques in combination with
conventional analgesia.

Keywords: Hyperalgesia, Children; Regional Anesthesia, Myofascial Block.

Introduction

Opioid-induced hyperalgesia (OIH) is nociceptive
sensitization after acute of chronic exposure to
opioids. OIH is characterized by a paradoxical
response whereby a patient receiving opioids for pain
management could actually become more sensitive to
certain painful stimuli [1, 2]. The precise molecular
mechanism of OIH is not yet understood. This process
is believed to result from neuroplastic changes in the
peripheral and central nervous systems leading to
sensitization of pronociceptive pathways. The main
mechanisms of developing OIH are associated with
the central glutaminergic system, spinal dynorphins,
descending facilitation, genetic mechanisms as well
as decreased reuptake and increased nociceptive

response. However, the central glutaminergic system
is considered as the most common mechanism of
OIH development. Another hypothesis suggests
that n-methyl-D-aspartate (NMDA) receptors are
involved in the activation/inhibition of glutamate
transport, changes in calcium-regulated intracellular
protein kinase C, cross talk of neural mechanisms
of pain and tolerance. OIH should be suspected
when the effect of opioid treatment wears off in the
absence of disease progression, especially in the
context of unexplained pain or diffuse allodynia
unrelated to original pain, and elevating pain levels
with increasing opioid doses [3].

The data on the clinical prevalence of OIH are
lacking. Several studies on OIH development in the
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perioperative period have primarily focused on the
use of short-acting phenylpiperidine and piperidine
opioids such as remifentanil, alfentanil, and fentanyl,
paying less attention to phenanthrene opioids such
as morphine and hydromorphone [4-7]. Clinical
differentiation of OIH and opioid tolerance remains
challenging without an opioid dose reduction.
Several clinical trials have demonstrated that pain
management can be improved by reducing the opioid
dosage, and hyperalgesia has often been described as
a result of chronic opioid therapy [8].

Central factors, including the regulation of the
central glutaminergic system and NMDA receptors [9]
as well as microglial activation [10], are considered
important factors of OIH development. Activation of
peripheral opioid receptors results in hyperalgesia,
priming of prostaglandin, and changes in the
function of transient receptor potential channels. It is
important to note that the same pathways involved in
OIH are also implicated in the development of opioid
tolerance, opioid analgesia, and chronic pain [11].

OIH should be differentiated from opioid
tolerance, opioid withdrawal syndrome, and opioid
use disorder [12]. OIH is a state of increased
nociception associated with acute or chronic
exposure to opioids, whereas opioid tolerance refers
to a pharmacological effect in which a higher dose of
opioids is required to achieve the desired analgesic
effect. Opioid withdrawal syndrome is a collection
of clinical symptoms that occur due to discontinuing
opioid use [13, 14]. The most effective approach to
manage OIH is prevention. The perioperative period
is associated with high levels of opioid exposure.
OIH can be prevented in the peri-, intra-, and
postoperative periods [15-18]. A retrospective study
revealed that higher doses of intraoperative fentanyl
(>3 g/kg) were associated with an accelerated onset
of postsurgical pain, indicating acute OIH [19].

Regional anesthesia can also impact central
sensitization and reduce hyperalgesia after surgery.
In addition to reducing acute postsurgical pain,
local anesthetics reduce acute inflammation,
early cytokine production, and central markers of
pain sensitization [20, 21]. Studies indicate that
regional anesthesia should be used before surgery
to achieve intraoperative pain relief and reduce
intraoperative opioid use, thus reducing the risk of
central sensitization and OIH [22]. Some authors
suggest that the timing of regional anesthesia -
preoperatively, intraoperatively, or postoperatively,
is less significant compared to the application of
regional analgesia in the acute postoperative period
[23, 24]. Local anesthetics have been found to act as
NMDA receptor antagonists; therefore, their use in
regional anesthesia may contribute to the treatment
and prevention of OIH [25-31].

The objective of the study was to determine
the method of preventing hyperalgesia in the early
postoperative period using different analgesic
regimens in children after anterior abdominal wall
surgery.

Materials and Methods
The study included 87 (46 boys and 41 girls)
children at the age of 7-18 years who were treated at
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the surgical department of a Communal Non-Profit
Enterprise “Ivano-Frankivsk Regional Children’s
Clinical Hospital of Ivano-Frankivsk Regional
Council”, Ivano-Frankivsk, Ukraine, and underwent
anterior abdominal wall surgery with different
analgesic techniques during 2020-2022. Inclusion
criteria were children with appendicitis ASA grades
[-1T at the age of 7-18 years, with the mandatory
parental consent to involve their child in clinical
research. The patients were randomly selected based
on inclusion criteria. Surgery was performed using
an open approach, with an incision on the anterior
abdominal wall. Exclusion criteria included children
under 7 years of age; those with ASA grade III or
higher, mental disorders, neoplasms, or tumors,
sepsis, shock; those who previously underwent lower
abdominal surgery; those who experienced pain for
six months prior to surgery; those who refused to
participate in the research; children whose parents
refused to give consent and children who gave no
consent. All children were divided into 3 groups:
Group I included 33 children who underwent anterior
abdominal wall surgery under general anesthesia
using fentanyl; Group Il comprised 27 children who
underwent anterior abdominal wall surgery under
general anesthesia using the transversalis fascia
plane block (TFPB); Group III involved 27 children
who underwent anterior abdominal wall surgery
under general anesthesia using the TFPB, combined
with the quadratus lumborum block 4 (QLB-4) via a
single injection. General anesthesia included either
inhalation anesthesia or propofol infusion.

To diagnose hyperalgesia, the pain threshold was
determined using a kit of 10 Von Frey monofilaments
(VFMs) calibrated to deliver an increasing force from
4 g(39.216 mN) to 300 g (2941.176 mN) (Touch-Test
Sensory Evaluator, North Coast Medical, Inc., Morgan
Hill, CA, USA) which were placed perpendicularly
against the skin surface until they bent, for 1-1.5 s.
An interval of 10 s was allowed between trials [30].
The assessment of acute pain and the quality of pain
management was carried out by means of the Face,
Legs, Activity, Cry, Consolability (FLACC) scale. The
FLACC scale scores were determined at discharge in
all children.

All clinical and laboratory studies were conducted
in accordance with the World Medical Association
Declaration of Helsinki “Ethical Principles for Medical
Research Involving Human Subjects”. According to
the Law, prior to a subject’s participation in the study,
a written informed consent form was signed by each
subject (parents/adult guardians). The manuscript was
approved by the Ethics Committee of the Communal
Non-Profit  Enterprise  “Ivano-Frankivsk = Regional
Children’s Clinical Hospital of Ivano-Frankivsk Regional
Council”, as evidenced by an Excerpt from the Minute of
the Committee Meeting No. 2 dated February 24, 2022.

The results obtained were statistically processed
using statistical measures of variation, correlation
analysis, Student’s t-test. Differences were considered
statistically significant at p<0.05. The proportions
were statistically compared by a z-test.

The study is a fragment of the research project of
the Department of Children Diseases of Postgraduate
Medical Education Faculty, Ivano-Frankivsk National
Medical University “Health Status and Adaption of



OVNTAYA AHECTESIONOTIA TA IHTEHCUBHA TEPAMMIA / PEDIATRIC ANESTHESIOLOGY AND INTENSIVE CARE

Children from the Pre-Carpathian Region with Somatic
Diseases, Their Prevention” 2021-2026, state registration
number 0121U111129; the author is a co-researcher.

Results and Their Discussion

An analysis of group distribution revealed that
the average age of children was 12.78+0.22 years,
11.2940.29 years, and 11.8+0.11 years in Group I,
Group II, and Group III, respectively. Body weight
was found to be 39.03+1.44 kg, 37.28+2.99 kg, and
38.14+1.83 kg in Group I, Group II, and Group III,
respectively. When assessing gender differences, a
higher prevalence of the condition was observed in
boys in all groups (Table 1).

Determination of the mechanical pain threshold
around the postoperative wound in patients receiving
intraoperative fentanyl infusion found that only 5
(15.1%) patients developed the response to the stimulus
when applying pressure forces of 100 g and 180 g and
the motor response to the stimulus intensity of 100 g.

The FLACC scale score was 3.1+0.2 points, indicating
sufficient pain threshold. Twelve (36.4%) patients
required pressure forces of either 26 g or 60 g and
developed the motor response to the stimulus intensity
of 26 g, with the FLACC scale score of 4.0+0.4 points,
indicating insufficient pain threshold. Most (16,
48.5%) patients receiving fentanyl infusion developed
the response to the stimulus only when applying
pressure forces of 8 g and 10 g and the motor response
to the stimulus intensity of 8 g, with the FLACC scale
score of 5.1+0.3 points, indicating insufficient pain
threshold and the risk of developing OIH in the early
postoperative period. In patients receiving fentanyl at
a dosage of 300-450 pg/day (10-15 pg/kg/day), the
mean dose of fentanyl for adequate pain management
was 10.2£0.4 ug/kg/hour (Table 2). When assessing
the correlation using the Spearman’s correlation
coefficient, a strong negative correlation was found
between the daily fentanyl dose and the pressure force
that elicited the stimulus (r = -0.69, p<0.05).

Table 1

Patient distribution by age, gender, and body weight

Indicator Group I, n=33 Group Il, n=27 Group lll, n=27
Mtm Mtm Mtm
Age 12,78+0,22 11,29+0,29 11,8+0,11
Body weight 39,03%1,44 37,28+2,99 38,14+1,83
Boys, % 51,4+0,84 62,11+1,22 56,21+2,31
Girls, % 48,6+1,24 37,89+2,77 43,79+3,17

Table 2

Prevalence of hyperalgesia in patients undergoing surgery with various anesthesia techniques

Pressure force Number of patients, FLACC scale/ Daily fentanyl Mean fentanyl dose,
' 9 abs./% points dose, pg/day ug/kg/day
Group |
100-180 5/15,1% 3,110,2 300
26-60 12/36,4% 4,0+ 0,4 350 10.2+0.4***
8-10 16/48,5% 5,1+0,3 450
Group Il
100-180 14/52% 2,01+0,11 150
26-60 7 126% 2,6+0,13* 200 7,6+0,5
8-10 6 /22% 2,9+0,27* 250
Group Il
100-180 18/67% 1,52+0,2** 100
26-60 6 /22 % 2,2+0,2** 150 4,2+1,4
8-10 3 /11% 2,4+0,32** 200
Notes:

* a statistically significant difference between Group | and Group Il (p<0.05)
** a statistically significant difference between Group | and Group Il (p<0.05)

Astudy ofthe mechanical painthreshold inchildren
after anterior abdominal wall surgery who received
the TFPB by administering a solution of bupivacaine
under ultrasound guidance and fractionated dose of
fentanyl in the early postoperative period found an
increase in the minimum mechanical pain threshold
as compared to those receiving conventional
anesthesia. [t should be noted that determination of the
mechanical pain threshold around the postoperative
wound in patients receiving intraoperative fentanyl
infusion and regional anesthesia found that most (14,

52%) patients developed the response to the stimulus
when applying pressure forces of 100 g and 180 g
and the motor response to the stimulus intensity of
100 g corresponded to the FLACC scale score, being
on average 2.01+0.11 points, indicating sufficient
pain threshold and adequate anesthesia. Seven (26%)
patients required pressure forces of either 26 g or 60
g and the motor response to the stimulus intensity of
26 g corresponded to pain behavior on the FLACC
scale, scoring 2.6+0.13 points, indicating sufficient
pain threshold and adequate analgesic effect for
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preventing hyperalgesia. In patients who received
regional anesthesia, a reaction to stimulation when
applying pressure forces of 8 g and 10 g was observed
in6(22%)children, which was 2.6 times less compared
to children who received conventional anesthesia.
The motor response elicited by a stimulation force
of 8 g and the FLACC scale score of 2.9+0.27 points
indicated sufficient pain threshold and a pronounced
clinical effect of this anesthesia type for preventing
hyperalgesia in the carly postoperative period. The
use of the TFPB allowed for a reduction in the
fentanyl dosage (150-250 pg/day) to a maximum of
7-10 pg/kg/day, while the mean fentanyl dose for
adequate pain management was 7.6+0.5 pg/kg/hour,
being 2.4 times less than in conventional anesthesia.
A study of the mechanical pain threshold in children
after anterior abdominal wall surgery who received
the TFPB combined with the QLB (QLB+TFPB)
by administering a solution of bupivacaine under
ultrasound guidance and fractionated dose of fentanyl
in the early postoperative period found an increase in
the minimum mechanical pain threshold as compared
to those receiving conventional anesthesia. It should
be noted that determination of the mechanical pain
threshold around the postoperative wound in patients
receiving intraoperative fentanyl infusion and
combined regional anesthesia found that most (18,
67%) patients developed the response to the stimulus
when applying pressure forces of 100 g and 180 g
and the motor response to the stimulus intensity of
100 g corresponded to pain behavior on the FLACC
scale, scoring 1.524+0.2 points, indicating sufficient
pain threshold and adequate pain management. Six
(22%) patients required pressure forces of either 26
g or 60 g and their motor response to the stimulus
intensity of 26 g corresponded to pain behavior on
the FLACC scale, scoring 2.2+0.2 points, indicating
sufficient pain threshold and adequate analgesic
effect for preventing hyperalgesia. In patients who
received combined regional anesthesia, a reaction
to stimulation when applying pressure forces of 8
g and 10 g was observed only in 3 (11%) children.
The motor response elicited by a stimulation force
of 8 g and the FLACC scale score of 2.4+0.32 points
indicated sufficient pain threshold and a pronounced
clinical effect of this anesthesia type for preventing
hyperalgesia in the early postoperative period. The

use of combined regional anesthesia allowed for a
reduction in the fentanyl dosage (100-20 pg/day) to a
maximum of 3-5 pg/kg/day, while the mean fentanyl
dose for adequate analgesia was 4.2+1.4 pg/kg/hour,
being 2.4 times less than in conventional anesthesia.

Postoperative anesthesia was conducted following
the principles of multimodal analgesia. Children
who received conventional opioid anesthesia were
found to require greater doses of analgesics in
the postoperative period (paracetamol injections
— 366.93+69.46 ml) as compared to those who
received regional anesthesia (paracetamol injections
—366.93£69.46 ml and 166.63+20.05 ml in Group II
and Group III, respectively, p<0.05).

Conclusions

Thus, high fentanyl doses are associated with
decreased pain threshold, which is likely related
to the development of central OIH. The use of
the TFPB alone and the combined regional nerve
block, QLB+TFPB, by administering a solution of
bupivacaine under ultrasound guidance reduces
opioid use and pain sensations in children undergoing
anterior abdominal wall surgery, prevents the
development of hyperalgesia. The results obtained
confirm the advantages of the combined regional
nerve block over the nerve monoblock.

Prospects of further research

Further research on the impact of regional
anesthesia techniques on hyperalgesia processes and
triggers for the development of chronic postsurgical
pain is promising.

The study is a fragment of the research project of
the Department of Children Diseases of Postgraduate
Medical Education Faculty, Ivano-Frankivsk
National Medical University “Health Status and
Adaption of Children from the Pre-Carpathian
Region with Somatic Diseases, Their Prevention”
2021-2026, state registration number 0121U111129;
the author is a co-researcher.
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Table 3

Postoperative pain management

Group I, n=33

Group I, n=27 Group lll, n=27

Indicat
ndicator MEm

M+tm M+m

Paracetamol, ml, IV 366,93+69,46

209,38+47,12* 166,63+20,05**

Notes:

*p<0.05 - a statistically significant difference between Group | and Group Il
** p<0.05 - a statistically significant difference between Group | and Group Il
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CHOCIb MPOBPIIAKTUKH TTHEPAJITE3IT V JITEW TPU BUKOPUCTAHHI
PI3HUX METOJUK 3HEBOJIEHHSA

A.B. Cemrosuu’, /1.B. /Imumpies’

KHII «IBano-®@paHkiBcbka 00JacHa AUTAYA KiIiHiYHA jJikapHs IBano-@paHkiBcbKoi 06aacHoi pagny
(m. IBano-®paHKiBCcbK, YKpaina) !
Binnnnbknii HanionanbAnii MequuHnii yHiBepcuTet imMeni B.I. ITuporosa
(M. Binuuusi, Ykpaina)?

Pesrome

Beryn. I'inepanresis, cippurHeHa omioinaMyu XapaKTepu3y€eThCs MapaloKCcalbHOIO PEaKIi€o, 3a IKOi MaIi€HT, SKHH 0TpUMYE
OTOiTN A JTIKYBaHHS OO0, HACIIPABIII MOXKE CTATH O1TBII YyTIIMBUM [0 MIEBHUX 0OIBOBUX MOApPa3HUKIB. PerionapHa aHecTe3is
TaKoX MOXKE BIUIMBATH Ha [EHTPaJIbHY CEHCHOITI3allif0 Ta 3MEHIIYBATH Tillepajre3ito Mmicis oneparii.

MeToio gocaigxkennst Oylo BCTAaHOBHUTH CIOCIO mpo¢inakTUKM rimepanresii B paHHbOMY IicisonepamiifHoMy mepioai mpu
pi3HHX cxemax 3HEOOJCHHS y AiTel 3 omepalisMu Ha TepeiHiil YepeBHil CTIHII.

Martepias Ta MeTOAH AOCTIZKeHHS. Y JOCIIIKeHHI B35 yyacTh 87 fiTeil BikoMm 7-18 pokiB, SIKUM ITPOBOAMIOCH OMIEpaTHB-
He BTpYYaHHs Ha NEpeAHINH YepeBHil CTIHII i3 pi3HMMHM BapiaHTaMH aHecTe3ioyoridnoro 3Hebonenus. I rpyny ckuanu 33 nirtei,
OTIEPOBAHMX HA MEPEIHIN YepeBHIN CTIHIN MiJA 3arajdbHUM 3HEOONCHHSIM i3 BUKopucTaHHAM (eHrtaHimy. Il rpymy ckmamm 27 mi-
Teii, ONepOBaHUX HA MEepeaHil YepeBHil CTiHI, MiJ 3aralbHUM 3HEOOICHHM 13 3aCTOCYBAHHAM PETIOHAPHOTO OJIOKY MonepeyHol
¢acuii xusora (TFPB). III rpyny ckmanu 27 xpiteil, onepoBaHMX Ha HMepeAHIN YepeBHil CTiHILI, i 3araJbHUM 3HEOONECHHIM i3
3aCTOCYBaHHSAM peTioHapHOTo 070Ky momepeunoi ¢dacmii skuBora (TFPB) B moennanui 3 610Kaq0r0 KBagpaTHOTO M'si3a MOTIEPEKY
(QLB-4) i3 ogHOTO yKOIY.

VYei kiniHIvHI Ta 1a00paTOPHI OCHTIKEHHS TPOBOIMIINCS BiANOBIIHO 10 ['enbciHchKOT Aekiapaiii BcecBiTHROT MEIUYHOT aco-
mianii « ETHYHI TpUHIUIHE MEIMYHUX JOCIIHKEHB 33 YYaCTIO JIOJMHH K 00’ €KT JOCIHiKeHH». BiAMOBiqHO 10 YHHHOTO 3aKOHO-
JaBCTBA Tepe]] MoYaTKoOM JOCIiKeHHS KOXKeH iforo cy6’ ekt (6arbku ab0 MOBHOJITHI OMIKyHM Malli€HTa) MiANucas aetajibHy dop-
My iH(pOpPMOBaHOI 3roJH Ha y4yacTh y qociijkenHi. CtarTs npoiinuia komicito 3 mutanb etuku Ha 6a3i KHII «IBano-®pankiBcbka
obmacHa auTA4a KiriHiuHa JTikapHa [@OPy», mo miaTBepaKy€eThCs BUTATOM 3 IPOTOKOIy Komicii Ne2 Bing 24.02.2022 poxky.

CrarucTuyHy 00pOOKy OTPUMaHMX AaHUX IPOBOAMIIH 3 3aCTOCYBAHHSAM METO/IB BapialiiiHOT CTaTHCTUKH, KOPEISALIHHOTO aHa-
nizy, kpurepito CteionenTta. Biporinnumu BBaskanuch BigminHocTi npu p<0,05. [TopiBHAHHS 4acTOK 31iHCHIOBAJIOCH 3a AOIOMO-
TOI0 Z-KpPHUTEPis.

Pobota € ¢pparMmeHTOM HaykoBO-AOCTiHOT pobotu kadeapu autsunx xBopod [0 IOHMYVY: «Cran 310poB’s Ta 0cOOIMBOCTI
amantanii giteit [IpukapnarTs i3 COMaTHYHIMH 3aXBOPIOBAHHAMH, IX MpodinakTuka», HoMep aepxasHoi peectpanii 0121U111129,
tepminn BukoHaHHA 2021-2026 pp., aBTOp € CHiIBBUKOHABIIEM TEMHU.

Pesynbratu pocnimkenns. B 6inpmocti nanientis I rpynu (48,5 %) peakuis Ha moapa3HeHHs BUHHMKaJa JIMIIE MPH 3aCTOCY-
BaHHI crn THCKy 8 Ta 10 1, a pyxoBa peaxiis Oyia Ha moapa3sHeHHs 3 cuiioo 8 r 3 oninkoto no mkani FLACC 5,1+0,3 6anu, mo
CBITYHIIO TIPO HEIOCTATHIH O0JBOBHUI MOPIT Ta MOXKINUBUN PO3BUTOK OIMiOIA-1HIYKOBAaHHOI Tinmepaire3ii B paHHbOMY Micisornepa-
uiiHomy nepioai. Y nanientis II ta III rpyn peakuist Ha mogpasHeHHs 3 cuiioto 8 r Ta oninka no mkani FLACC cknana 2,9+0,27 i
2,4+0,32 6auniB Bignosiguo (p<0,05).

BucuoBku. OTprMaHi pe3ylbTaT NiATBEPAKYIOTh IEPEBArd 3aCTOCYBAHHS PETiOHAPHUX METOIUK 3HEOOJICHHS B KOMIUICKCI 13
TPaAMIIHHOIO aHANTe3i€l0.

Kuarw4oBi coBa: rinepanresis; aitu; perionapna ananresis; miopacuiaipuuii 6;10k.
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