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ABSTRACT

Pain management, along with the prevention of infectious complications, is among the primary objectives of the peri-
operative period. In infants and newborns, intense pain triggers a stress response. In similar surgical interventions, the
stress response activated by afferent neuronal impulses from the site of injury in newborns is greater in magnitude but
shorter compared with that in adults. Effective analgesia with opioids during cardiac surgery has been shown to improve
surgical outcomes. Prolonged, high-intensity pain in a newborn with ineffective analgesia leads to the progression
of such pathological conditions as hypoxia, metabolic acidosis, impaired liver and kidney function, an increased risk
of sepsis, disseminated intravascular coagulation, and higher neonatal mortality. At present, the capabilities of tradi-
tional analgesia methods remain limited. In this regard, the main approaches to improving the efficacy of pain man-
agement in pediatric practice include various regimens combining non-opioid analgesics, supplemented with opioids
if necessary, as well as the development of new effective and safe pharmacologic agents with analgesic activity.
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AHHOTALMA

06e360nmBaH1e HapAAy ¢ NPOPUNAKTUKOI MHPEKLMOHHBIX OCIIOXHEHUI — OCHOBHbIE 3aAa4u NepuonepauroHHoro nepuoaa.
N3BecTHo, 4TO y [eTeii paHHero Bo3pacTa M HOBOPOMAEHHbIX B OTBET Ha MHTEHCUBHYIO 60b hopMMpyeTCA CTpeccopHas
peakums. Mpu aHanorMyHbIX OMepaTMBHbIX BMELLATENbCTBAX CTPECcC-peaKums, aktueupyeMas adpepeHTHbIMU UMMyNbcaMm
HEWpOHOB U3 MecTa MOBPEXAEHUS Y HOBOPOXKAEHHBIX, SBNAETC HONbLUEA MO BENMYMHE, HO MEHbLUE MO NPOAOIKUTENb-
HOCTM, MO CPaBHEHMIO CO B3poc/bIMU. [MoKasaHo, YTo 3 heKTUBHAA aHanre3ns BO BPeMsi KapAMOXMPYPrUYeCKUX onepauui
C MPUMEHEHUeM ONMOMA0B CBA3aHa C Y/yYLLEHWEM UCXOL0B OMEPaTMBHOO BMeLLaTeNbCTBa. [lmTtenbHas 605ib BbICOKOW UH-
TEHCUBHOCTU Y HOBOPOXAEHHOTO NMpu HeahheKTUBHOM 006e360/MBaHMM NPUBOAMUT K MPOTPeCcCUPOBaHUIO TaKWUX NaTomoru-
YECKUX COCTOSHMIA, KaK rMNoKcus, MeTabonmyeckuii aumaos, HapyLleHus GYHKUMM NedYeHu U MoYeK, K BO3pacTaHuIo pucka
pasBUTUsA Cencuca, CMHAPOMA AUCCEMUHMPOBAHHOTO BHYTPUCOCYAMCTOrO CBEPTbIBAHMS, K NOBLILUEHUIO HEOHATa/IbHON CMepT-
HOCTW. Ha CerofHsILUHMIA MOMEHT, BO3MOXHOCTM TPAAMLMOHHBIX METO[0B aHaNresuu OCTalTCsA OrpaHUYeHHbIMU. B cBasu
C 3TUM B KauyecTBe OCHOBHbIX HanpaBeHuii NoBbieHNs 3ddeKTUBHOCTU 06e360/MBaHNUA B NEAMATPUM MPUMEHSIOT pas-
JMYHBIE CXEMbl KOMOMHUPOBAHMS HEOMMOWAHBLIX aHaNbreTUKOB, MPU HEOBXOAMMOCTW AOMOJHAEMBIX OMMOMAAMM, a TaKxkKe
pa3spabaTbiBaloT HoBble 3 (heKTUBHbIE 1 Ge30MacHbIe IeKapCTBEHHbIE CPEACTBA C aHaNbIeTUYECKON aKTUBHOCTbIO.

KnioueBble cnoea: 0osb; nepuonepaumoHHoe 06e360n1BaHue; HOBOPOXOEHHbIE; d)apMaKOJ'IOI'VI‘-IeCKaFI KOppeKuuns;
dHaJlbreTuKu.
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NOCICEPTION IN NEWBORNS

Nociception, defined as neural processes of encoding
and processing noxious stimuli, includes four consecu-
tive phases: transduction, transmission, modulation, and
perception [1]. The formation of these processes during
ontogenesis determines the perception of pain in the neo-
natal period [2]. Structures responsible for the perception
of pain and transmission of noxious stimuli begin to form
from the sixth week of prenatal development. The majo-
rity of nociceptive neurotransmitters are detected at the
gestational age of 12—14 weeks [3]. Compared to adults,
newborns have more pronounced and prolonged nocicep-
tive responses, higher density of nociceptors, and more
closely located tactile and conduction fibers [4]. The key
characteristics of pain perception in newborns are hy-
peralgesia and low pain threshold (with susceptibility to
pain decreasing with gestational age), rapid habituation
to a repeated noxious stimulus, depletion of compensa-
tory mechanisms, and minimal external manifestations
of pain [5]. In preterm newborns, nociceptive impulses
are induced by milder stimuli and are transmitted more
quickly than in adults [6].

PAIN MEDICATIONS IN THE
INTRAOPERATIVE AND POSTOPERATIVE
PERIOD

Pharmacological pain management in the postopera-
tive period includes a multimodal approach and combina-
tion drug therapy with non-opioid and opioid analgesics,
as well as local anesthetics [7]. Advantages of opioid an-
algesics include a nearly limitless analgesic efficacy, se-
dation, relative hemodynamic stability after intravenous
injection, and reversible side effects. Morphine is more
effective for sedation and vasodilation than fentanyl,
with comparable clinical efficacy at recommended doses.
Fentanyl has less impact on hemodynamics. However,
long-term use of opioid analgesics increases the risk
of tolerance, necessitating dose escalation. In addition
to antinociceptive system activation, opioid analgesics
cause sensitization as a result of excitatory neurotrans-
mitter (glutamate and aspartate) activation [8].

The pharmacological activity of p-opioid receptors is
associated with glutamate transmission activation. In-
creased Ca?* transport in the NMDA receptor complex
enhances synaptic activity. Thus, opioid analgesics in-
duce delayed dose-dependent hyperalgesia and allodynia.
Despite their high efficacy, opioid analgesics have sig-
nificant disadvantages: even short-term use is associ-
ated with the risk of tolerance, reducing their analgesic
effect and necessitating dose escalation [9]. According
to research, postoperative use of opioid analgesics may
increase complication rates and treatment costs [8, 10].
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Opioid tolerance and addiction, which can occur from the
first days of therapy, bring the safety of these drugs into
question [11, 12].

Fentanyl, morphine, and tramadol are opioid anal-
gesics that are most commonly used in clinical practice
for postoperative pain management. Moderate pain is
typically treated using combination therapy with tra-
madol (1-2 mg/kg 4-6 times daily) and a non-opioid
analgesic.

Tramadol is a potent opioid analgesic with low af-
finity for p-opioid receptors; it inhibits the reuptake of
norepinephrine and serotonin, which are antinociceptive
transmission signaling molecules. Common adverse ef-
fects of tramadol include vomiting and dizziness; how-
ever, it has less impact on respiration than other opi-
oids. When used for postoperative pain management
in newborns, fentanyl 1-2 ug/(kgxh) and tramadol
0.1-0.2 pg/(kgxh) showed comparable efficacy within the
first 72 h after surgery, with no superiority of fentanyl-based
analgesia [13].

Morphine and fentanyl are drugs of choice in severe
pain. Morphine, an opium alkaloid, is a highly effective
opioid analgesic; it is used for pain management after
surgery and during various interventions, as well as in
patients on mechanical ventilation. A randomized con-
trolled study [14] that assessed morphine versus pla-
cebo in 898 newborns (gestational age 23-32 weeks)
found that morphine had a significant analgesic effect,
but did not improve long-term outcomes. Specifically,
it did not reduce the duration of mechanical ventilation
and parenteral nutrition or improve hypertension [15, 16].
In Russia, morphine is approved for epidural adminis-
tration and thus is typically used intraoperatively. It is
currently believed that the use of morphine must be
limited and only provided in the absence of hyperten-
sion, given the potential increased risk of intraventricular
hemorrhage in preterm newborns with a very low body
weight [17]. The use of morphine in the neonatal period
may reduce body weight and impair cognitive functions
[18, 19].

Fentanyl is most commonly used during and after
surgery or during mechanical ventilation. It has a rapid
onset and a relatively short duration of therapeutic action
(30—90 min). Intravenous bolus injections of fentanyl may
cause chest wall rigidity in 4% of newborns [20]. This ef-
fect can be avoided by slowly administering the drug or
using muscle relaxants. Fentanyl is less likely to cause
hemodynamic instability than morphine, making it a pre-
ferred option in patients with shock [18]. The daily dose
of fentanyl depends on pain intensity, response to anal-
gesia, and severity of adverse reactions, and amounts to
0.5 pg/(kgxh) in children, following a bolus injection at a
dose of 0.5 pg/kg [7, 21].

It is now commonly accepted that the most effective
pain management in newborns, which improves neonatal
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surgery outcomes, is a multimodal approach that incor-
porates non-drug and drug therapies. It is preferable to
use systemic analgesia in combination with local and/
or regional anesthesia before, during, and after surgery,
rather than opioid analgesics. The multimodal approach
to pain management involves various antinociceptive
mechanisms, providing optimal analgesia without the
need for dose escalation and reducing the risk of side
effects of individual drugs.

Ketamine, a non-opioid analgesic, provides effec-
tive analgesia while maintaining spontaneous breathing,
muscle tone, and reflexes. Ketamine is used for induction
of anesthesia, analgesia during short-term surgeries,
and burn wound treatment, and provides short-term an-
algesia, amnesia, and sedation. It is effective both alone
and in combination with benzodiazepines. Ketamine tar-
gets glutamate transmission by interacting with NMDA
receptors. It reduces the intensity of pain potentiation
and summation, facilitates antinociception by influencing
monoaminergic transmission, and enhances the analge-
sic effect of opioids [8, 18, 22, 23]. The most significant
side effects of ketamine are hallucinations (vivid dreams,
including nightmares, psychomotor agitation, etc.) fol-
lowing anesthesia, hypersalivation, apnea, and laryngis-
mus. There are few studies on the efficacy and long-term
safety of ketamine in newborns. Its use in children is
limited due to the reported neurotoxicity [24].

Gabapentin is an anticonvulsant used for neuropath-
ic pain management; it targets post-surgical allodynia
and hyperalgesia [25]. Gabapentin reduces pain by sup-
pressing the activation of a26 subunits of voltage-de-
pendent Ca?* channels of dorsal horn neurons, inhibiting
glutamate transmission, and preventing pain wind-up
[8, 26, 27]. Gabapentin is used in adults, but is not ap-
proved for neuropathic pain management in children.

Magnesium sulfate exhibits analgesic activity by tar-
geting NMDA receptors; it enhances the analgesic effect
of opioids and reduces opioid tolerance [28]. The efficacy
of magnesium sulfate depends on various factors, such
as baseline plasma Mg?* levels, dose, duration of treat-
ment, severity of condition, and extent of surgery [8].

Sucrose (glucose) is primarily used during short-term
interventions associated with mild or moderate pain.
The maximum effect, lasting for approximately 4 min,
is achieved when the drug is administered 2 min before
intervention. Sucrose provides effective analgesia in
newborns during venipuncture and intramuscular injec-
tions [29]. Oral glucose provides a good analgesic effect
in neonates, including preterm newborns [30].

Analgesics for newborns are selected based on the
extent of surgery, gestational and postconceptional age,
severity of condition, need for long-term respiratory sup-
port, individual pain perception, and contraindications to
specific drugs, such as non-steroidal anti-inflammatory
drugs (NSAIDs). Neonatal characteristics that directly
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influence the pharmacodynamics and pharmacokine-
tics of analgesics play a significant role. These include
fetal albumin concentrations with a significantly lower
affinity for drug products; serum protein levels; ability
to reduce free plasma xenobiotic levels and their ad-
verse effects; higher indirect bilirubin levels compared
to adults, which may impair drug binding to albumins;
risk of acidosis, which may alter the degree of ionization
of drug substance molecules; and others [31]. The use of
NSAIDs for pain management reduces the need for opi-
oids and provides adequate analgesia in the perioperative
period [32].

Paracetamol is one of the most commonly used an-
algesics in newborns owing to its high efficacy and fa-
vorable safety profile [33]. Oral paracetamol is admin-
istered at a dose of 10 mg/kg every 6 h or 15 mg/kg
every 8 h. It should be noted that newborns have reduced
xenobiotic clearance [34]. Data on intravenous use of
paracetamol in newborns are limited. The recommended
doses include a loading dose of 20 mg/kg, followed by
a maintenance dose of 10 mg/kg every 6 h [35]. The cu-
mulative daily doses for newborns are 0—-60 mg/(kgxday)
(<1 month) and 60-75 mg/(kgxday) (1-3 months) [36].
Rectal paracetamol must be administered at a dose of
20 mg/kg every 6-8 h. Low-dose paracetamol is safe for
newborns; however, rare side effects, including hepato-
toxicity and nephrotoxicity, must be taken into account [37].
Paracetamol can also be used in combination with mor-
phine. This combination has minimal side effects and re-
duces the need for opioid analgesics [38]. Importantly,
NSAIDs must not be used simultaneously with anticoagu-
lants, steroids, and nephrotoxic agents. The most com-
mon side effects of NSAIDs are hemorrhages, gastroin-
testinal disorders, hepatotoxicity, and renal toxicity [39].

Epidural anesthesia is used in newborns weighing 700 g
and more, aged several hours and more, during various
surgeries, as well as for multimodal analgesia or alone
in the postoperative period (in children with esophageal
or small bowel atresia, tracheoesophageal fistula, um-
bilical hernia and gastroschisis, diaphragmatic hernia, or
intestinal obstruction). In this case, the anesthetic acts
by entering the subarachnoid space and blocking noci-
ceptive impulses [40]. Toxic effects of epidural opioids in
newborns and infants are significantly less common than
in older children and adults, especially when using low-
dose anesthetics [41-44]. Therefore, epidural anesthesia
does not influence cerebral perfusion in newborns and
minimizes the risk of neurotoxicity by reducing the need
for centrally acting anesthetics [45, 46].

CONCLUSION

Conventional anesthetic techniques remain limited.
There is still a significant need for minimizing the use of
opioid analgesics in the intraoperative and postoperative
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period. Improved pain management requires introduc-
ing various combination analgesia techniques using
opioid and non-opioid analgesics into clinical prac-
tice, as well as developing effective and safe novel
analgesics.

Pain management, along with the prevention of infec-
tious complications, is among the primary objectives of
the perioperative period [47]. In infants and newborns,
intense pain triggers a stress response [48]. In similar
surgical interventions, the stress response activated by
afferent neuronal impulses from the site of injury in new-
borns is greater in magnitude but shorter than in adults.
Effective analgesia with opioids during cardiac surgery
has been shown to improve surgical outcomes [15]. Pro-
longed, severe pain in newborns with ineffective anal-
gesia leads to the progression of such disorders as hy-
poxia, metabolic acidosis, hepatic insufficiency, and renal
insufficiency, increased risk of sepsis and disseminated
intravascular coagulation, and higher neonatal mortality
[8, 49-51]. At present, the capabilities of conventional
analgesia remain limited. In this regard, the main ap-
proaches to improving the efficacy of pain management
in pediatric practice include various regimens combining
non-opioid analgesics, supplemented with opioids if nec-
essary, as well as the development of effective and safe
novel analgesics.

ADDITIONAL INFO

Author contributions: E.E. Yakovleva, ER. Bychkov, AN. Galustyan,
N.A. Kuritsina, E.V. Mokrenko, P.A. Makarova: conceptualization, meth-
odology, project administration, writing—original draft; P.D. Shabanov:
conceptualization, methodology, data curation, writing—original draft.
All the authors approved the version of the draft to be published and agreed
to be accountable for all aspects of the work, ensuring that issues related
to the accuracy or integrity of any part of the work are appropriately inves-
tigated and resolved.

Funding sources: No funding.

REFERENCES

1. Loeser JD, Treede R-D. The Kyoto protocol of IASP basic pain ter-
minology. Pain®. 2008;137(3):473-477. doi: 10.1016/].pain.2008.04.025
2. Loginova IA. Pain and analgesia in neonatology. Medical journal.
2010;(2):8-14. (In Russ.) EDN: RSKJEB

3. Committee on Fetus and Newborn; Committee on Drugs; Sec-
tion on Anesthesiology; et al. Prevention and management of
pain and stress in the neonate. Pediatrics. 2000;105(2):454-461.
doi: 10.1542/peds.105.2.454

4. Posternak Gl, Tkachova MYu, Fetisov NN, Manischenkov SN. De-
velopment of the nociceptive system in a newborn infant. Emergency
medicine. 2013;(2):41-43. EDN: QAUHTR

5. Zhirkova YuV, Kucherov Yul, Stepanenko SM. Pain in neonates:
prevalence, diagnostics, prevention and treatment. Pediatric pharma-
cology. 2012;9(4):37—41. EDN: PBXYJH

Vol.23(2)2025

DAl https://doiorg/1017816/RCF635229

Reviews on Clinical Pharmacology
and Drug Therapy

Disclosure of interests: The authors have no relationships, activi-
ties or interests for the last three years related with for-profit or not-
for-profit third parties whose interests may be affected by the content
of the article.

Statement of originality: The authors did not use previously published
information (text, illustrations, data) to create this paper.

Generative Al: Generative Al technologies were not used for this article
creation.

Provenance and peer-review: This work was submitted to the jour-
nal on its own initiative and reviewed according to the standard procedure.
Two external reviewers, and a member of the editorial board participated
in the review.

AOMO/HUTE/IbHAA UHDOOPMALIUA

Brnap, aBtopos. E.E. flkoBnesa, E.P. briukos, A.H. Fanyctan, HA. Ky-
puubiHa, E.B. Mokpenko, M.A. MakapoBa — dopmMupoBaHne naen 1 Ha-
MpaBfieHHOCTV  WCCNefj0BaHWIA, pa3paboTka M AM3ailH MeToAos0ruK,
(OpMySIMPOBKa KITOYEBBLIX Lieslel W 3afiad, HanucaHwe TeKCTa CTaTby;
M.[. lLlabaHoB — KOHUENUMS ¥ AW3aitH UccneoBaHus, cbop 1 0bpaboTka
MaTepuarnos, Hanucave TekcTa. Bce aBTopbl 0406puv pyKonucs (Bepcvio
Ans nybavKaumm), a Takke Corflacuimcb HeCT OTBETCTBEHHOCTb 3a BCe
acneKTbl paboTbl, rapaHTVpys HaZexalllee pacCMOTPEHVIE U peLLieHyie Bo-
MPOCOB, CBA3AHHBIX C TOYHOCTBIO M A06POCOBECTHOCTBIO M0bON ee YacTu.

WcTouHunku dunaHcmpoBanus. OTcyTcTByIoT.

PackpbiTie MHTepecoB. ABTOpbI 3aABNIAIOT 00 OTCYTCTBIV OTHOLLEHNIA,
AEATENBHOCTV W MHTEPECOB 3a NOC/eHME TPV O/, CBA3aHHBIX C TPETBAMM
muaM1 (KOMMEPYECKUMM W1 HEKOMMEPYECKVMM), VHTEPECH! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COLlEPKAHMEM CTaTbU.

OpuruHanbHoCTb. [py CO3AaHUM HACTOALLEV paboTbl aBTOPbI He VCMOsb-
30Ba paHee 0nybMKOBaHHbIE CBEAEHMS (TEKCT, WMIOCTPALIMM, AaHHbIE).

[eHepaTMBHbIA WMCKYCCTBEHHbIW WHTeNNeKT. [pu co3fanun Ha-
CTOSLLEN CTaTbi TEXHOSOMMM FeHEPaTUBHOTO UCKYCCTBEHHOMO WHTENNeKTa
He 1Crosb30Bany.

Paccmotpenne u peuensupoBanue. Hactoswas pabora mopaHa
B )XYPHa/l B MHULMATWMBHOM MOPAAKE W paccMOTPeHa No 0bbIYHOM MpoLie-
Aype. B peLieH3vpoBaHmy y4acTBOBaM [1Ba BHELLHMX PELIEH3EHTA U UsleH
PenaKLMOHHO Konnerum.

6. Zabolotski DV, Koriachkin VA, Ulrikh GE. Postoperative an-
algesia in children. Are there any methods available today? Re-
gional Anesthesia and Acute Pain Management. 2017;11(2):64—72.
doi: 10.18821/1993-6508-2017-11-2-64-72 EDN: YUFIDJ

7. Ulrikh GE, Zabolotskiy DV. Postoperative analgesia in chil-
dren. What standards should we use? Regional Anesthesia and
Acute Pain Management. 2015;9(2):40-45. doi: 10.17816/RA36258
EDN: TWRAPB

8. Ovechkin AM, Efremenko IV. Postoperative pain relief: the role
of drugs that affect the NMDA receptor complex. Russian journal of
pain. 2011;(1):31-37. (In Russ.) EDN: NTRBZJ

9. Chia Y-Y, Liu K, Wang J-J, et al. Intraoperative high dose fen-
tanyl induces postoperative fentanyl tolerance. Can J Anesth. 1999;46
872-877. doi: 10.1007/BF03012978

141


https://doi.org/10.1016/j.pain.2008.04.025
https://elibrary.ru/rskjeb
https://doi.org/10.1542/peds.105.2.454
https://elibrary.ru/qauhtr
https://elibrary.ru/pbxyjh
https://doi.org/10.18821/1993-6508-2017-11-2-64-72
https://elibrary.ru/yufidj
https://doi.org/10.17816/RA36258
https://elibrary.ru/twrapb
https://elibrary.ru/ntrbzj
https://doi.org/10.1007/BF03012978

142

HAYYHBIE OB30PHI

10. Wheeler M, Oderda JM, Ashburn MA, Lipman AG. Adverse events
associated with postoperative opioid analgesia: a systematic review.
J Pain. 2002;3(3):159-180. doi: 10.1054/jpai.2002.123652

11. Zhivolupov SA, Litvinenko IV, Samartsev IN, et al. Drug the-
rapy for chronic musculoskeletal pain syndromes: the con-
cept of adjuvant analgesics and the prospect of its imple-
mentation.  Neurology, Neuropsychiatry, —Psychosomatics.
2020;12(1):105-111. doi: 10.14412/2074-2711-2020-1-105-111
EDN: GONYLA

12. Calderon-Ospina C-A, Nava-Mesa MO, Arbelaez Ariza CE.
Effect of combined diclofenac and B vitamins (thiamine, pyridox-
ine, and cyanocobalamin) for low back pain management: sys-
tematic review and metaanalysis. Pain Med. 2020;21(4):766-781.
doi: 10.1093/pm/pnz216

13. Couto Alencar AJ, Sanudo A, Ramos Sampaio VG, et al. Effi-
cacy of tramadol versus fentanyl for postoperative analgesia in
neonates. Arch Dis Child Fetal Neonatal Ed. 2012;97(1):F24-F29.
doi: 10.1136/adc.2010.203851

14. Anand KJS, Hall RW, Desai N, et al. Effects of morphine anal-
gesia in ventilated preterm neonates: primary outcomes from the
NEOPAIN randomised trial. Lancet. 2004;363(9422):1673-1682.
doi: 10.1016/S0140-6736(04)16251-X

15. Anand KJS, Hickey PR. Halothane—morphine compared with
high-dose sufentanil for anesthesia and postoperative analge-
sia in neonatal cardiac surgery. N Engl J Med. 1992;326(1):1-9.
doi: 10.1056/NEJM199201023260101

16. Hall RW, Kronsberg SS, Barton BA, et al. Morphine, hypoten-
sion, and adverse outcomes among preterm neonates: who's
to blame? Secondary results from the NEOPAIN trial. Pediatrics.
2005;115(5):1351-1359. doi: 10.1542/peds.2004-1398

17. Perlman JM. Morphine, hypotension, and intraventricu-
lar hemorrhage in the ventilated premature infant. Pediatrics.
2005;115(5):1416-1418. doi: 10.1542/peds.2005-0501

18. Fomichev MB. Respiratory distress in newborns. Ekaterinburg;
2017. (In Russ.)

19. Ferguson SA, Ward WL, Paule MG, et al. A pilot study of
preemptive morphine analgesia in preterm neonates: effects
on head circumference, social behavior, and response laten-
cies in early childhood. Neurotoxicol Teratol. 2012;34(1):47-55.
doi: 10.1016/}.ntt.2011.10.008

20. Fahnenstich H, Steffan J, Kau N, Bartmann P. Fentan-
yl-induced chest wall rigidity and laryngospasm in pre-
term and term infants. Crit Care Med. 2000;28(3):836—839.
doi: 10.1097/00003246-200003000-00037

21. Apfel CC, Bacher A, Biedler A, et al. A factorial trial of six inter-
ventions for the prevention of postoperative nausea and vomiting:
Results of the International Multicenter Protocol to assess the single
and combined benefits of antiemetic strategies in a controlled clinical
trial of a 2x2x2x2x2x2 factorial design (IMPACT). Der Anaesthesist.
2005;54:201-209. doi: 10.1007/s00101-005-0803-8

22. Himmelseher S, Ziegler-Pithamitsis D, Argiriadou H, et al. Small-
dose S (+)-ketamine reduces postoperative pain when applied with ropi-
vacaine in epidural anesthesia for total knee arthroplasty. Anesth Analg.
2001;92(5):1290-1295. doi: 10.1097/00000539-200105000-00040

23. Laulin J-P, Maurette P, Corcuff J-B, et al. The role of ket-
amine in preventing fentanyl-induced hyperalgesia and subsequent
acute morphine tolerance. Anesth Analg. 2002;94(5):1263-1269.
doi: 10.1097/00000539-200205000-00040

Tom23,Ne2,2025

DAl https://doiorg/1017816/RCF635229

(0030pbl N0 KNMHWYECKOM (hapMaKonormv
W NIEKapCTBEHHON Tepanm

24, Dong C, Anand KJS. Developmental neurotoxicity of ke-
tamine in pediatric clinical use. Toxicol lett. 2013;220(1):53-60.
doi: 10.1016/j.toxlet.2013.03.030

25. Woolf CJ, Max MB. Mechanism-based pain diagnosis: issues
for analgesic drug development. J Am Soc Anesthesiol. 2001;95(1):
241-249. doi: 10.1097/00000542-200107000-00034

26. Davydov 0S, Yakhno NN, Kukushkin ML, et al. Neuropathic pain:
clinical guidelines on the diagnostics and treatment from the Rus-
sian Association for the Studying of Pain. Russian journal of pain.
2018;(4):5-41. EDN: VOUACX

27. Clinical Guidelines. Pain syndrome at children requiring palliative
medical care (Part 1). Russian Journal of Pediatric Hematology and
Oncology. 2017;4(2):100-110. (In Russ.) EDN: YUROUT

28. Begon S, Pickering G, Eschalier A, Dubray C. Magnesium
increases morphine analgesic effect in different experimen-
tal models of pain. J Am Soc Anesthesiol. 2002;96(3):627-632.
doi: 10.1097/00000542-200203000-00019

29. Stevens B, Yamada J, Ohlsson A, et al. Sucrose for analgesia in
newborn infants undergoing painful procedures. Cochrane Database
Syst Rev. 2016;7:.CD001069. doi: 10.1002/14651858.CD001069.pub5
30. Bueno M, Yamada J, Harrison D, et al. A systematic re-
view and meta-analyses of nonsucrose sweet solutions for
pain relief in neonates. Pain Res Manag. 2013;18(3):153-161.
doi: 10.1155/2013/956549

31. Isakov YuF, Volodin NN, Geraskina AV. Neonatal surgery.
Moscow; 2011. (In Russ.)

32. Basse L, Raskov HH, Jakobsen DH, et al. Accelerated postopera-
tive recovery programme after colonic resection improves physical
performance, pulmonary function and body composition. Br J Surg.
2002;89(4):446—-453. doi: 10.1046/j.0007-1323.2001.02044.x

33. Guay J, Nishimori M, Kopp S. Epidural local anaesthet-
ics versus opioid-based analgesic regimens for postopera-
tive gastrointestinal paralysis, vomiting and pain after abdomi-
nal surgery. Cochrane Database Syst Rev. 2016;7:.CD001893.
doi: 10.1002/14651858.CD001893.pub?2

34. Shah V, Taddio A, Ohlsson A. Randomised controlled trial of
paracetamol for heel prick pain in neonates. Arch Dis Child Fetal
Neonatal Ed. 1998;79(3):F209-F211. doi: 10.1136/n.79.3.F209

35. Allegaert K, Palmer GM, Anderson BJ. The pharmacoki-
netics of intravenous paracetamol in neonates: size matters
most. Arch Dis Child Fetal Neonatal Ed. 2011:96(6):575-580.
doi: 10.1136/adc.2010.204552

36. Cuzzolin L, Antonucci R, Fanos V. Paracetamol (acetaminophen)
efficacy and safety in the newborn. Curr Drug Metab. 2013;14(2):
178-185. doi: 10.2174/138920013804870637

37. Anderson BJ, Woollard GA, Holford NHG. A model for size and
age changes in the pharmacokinetics of paracetamol in neonates,
infants and children. Br J Clin Pharmacol. 2000;50(2):125-134.
doi: 10.1046/}.1365-2125.2000.00231.x

38. Anand KJS. Pain panacea for opiophobia in infants? JAMA.
2013;309(2):183-184. doi: 10.1001/jama.2012.208359

39. Hall RW, Anand KJS. Pain management in newborns.
Clin Perinatol. 2014;41(4):895-924. doi: 10.1016/j.clp.2014.08.010
40. Bosenberg AT, Cronje L, Thomas, et al. Ropivacaine plasma
levels and postoperative analgesia and infants during 48-72 h con-
tinuous epidural infusion following major surgery. Paediatr Anaesth.
2003;13:851-852.



https://doi.org/10.1054/jpai.2002.123652
https://doi.org/10.14412/2074-2711-2020-1-105-111
https://elibrary.ru/gonyla
https://doi.org/10.1093/pm/pnz216
https://doi.org/10.1136/adc.2010.203851
https://doi.org/10.1016/S0140-6736(04)16251-X
https://doi.org/10.1056/NEJM199201023260101
https://doi.org/10.1542/peds.2004-1398
https://doi.org/10.1542/peds.2005-0501
https://doi.org/10.1016/j.ntt.2011.10.008
https://doi.org/10.1097/00003246-200003000-00037
https://doi.org/10.1007/s00101-005-0803-8
https://doi.org/10.1097/00000539-200105000-00040
https://doi.org/10.1097/00000539-200205000-00040
https://doi.org/10.1016/j.toxlet.2013.03.030
https://doi.org/10.1097/00000542-200107000-00034
https://elibrary.ru/vouacx
https://elibrary.ru/yurout
https://doi.org/10.1097/00000542-200203000-00019
https://doi.org/10.1002/14651858.CD001069.pub5
https://doi.org/10.1155/2013/956549
https://doi.org/10.1046/j.0007-1323.2001.02044.x
https://doi.org/10.1002/14651858.CD001893.pub2
https://doi.org/10.1136/fn.79.3.F209
https://doi.org/10.1136/adc.2010.204552
https://doi.org/10.2174/138920013804870637
https://doi.org/10.1046/j.1365-2125.2000.00231.x
https://doi.org/10.1001/jama.2012.208359
https://doi.org/10.1016/j.clp.2014.08.010

REVIEWS

41. Volchkov VA, Ignatov YuD, Strashnov VI. Pain syndromes in an-
esthesiology and resuscitation. Moscow: MEDpress-inform; 2006.
318 p. EDN: QLMZYL (In Russ.)

42. Sichkar SY, Afukov Il. Epidural anesthesia in newborns
and infants with surgical diseases. Russian Journal of Pedi-
atric Surgery, Anesthesia and Intensive Care. 2015;5(2):47-54.
doi: 10.17816/psaic157 EDN: UCDNBP

43. Bosenberg AT. Epidural analgesia for major neo-
natal surgery. Paediatr Anaesth. 1998;8(6):479-483.
doi: 10.1046/}.1460-9592.1998.00322.x

44, Uguralp S, Mutus M, Koroglu A, et al. Regional anesthesia
is a good alternative to general anesthesia in pediatric surgery:
Experience in 1,554 children. J Pediatr Surg. 2002;37(4):610-613.
doi: 10.1053/jpsu.2002.31619

45. Beck CE, Simpelmann R, Nickel K, et al. Systemic and re-
gional cerebral perfusion in small infants undergoing minor
lower abdominal surgery under awake caudal anaesthesia: an
observational study. Eur J Anaesthesiol. 2020;37(8):696—700.
doi: 10.1097/EJA.0000000000001150

AUTHORS' INFO

*Ekaterina E. Yakovleva, MD, Cand. Sci. (Medicine);
address: 12 Akademika Pavlova st., Saint Petersburg,
197376, Russia; ORCID: 0000-0002-0270-0217;
eLibrary SPIN: 6728-7340; e-mail: eeiakovleva@mail.ru

Eugenii R. Bychkov, MD, Dr. Sci. (Medicine);
ORCID: 0000-0002-8911-6805; eLibrary SPIN: 9408-0799;
e-mail: bychkov@mail.ru

Anna N. Galustyan, MD, Cand. Sci. (Medicine), Assistant Professor;
ORCID: 0000-0001-9679-632X; eLibrary SPIN: 3303-7650;
e-mail: dr.galustyan@gmail.com

Natalia A. Kuritsina; eLibrary SPIN: 4361-7365;
e-mail: bely25193@yandex.ru

Eugenii V. Mokrenko, MD, Dr. Sci. (Medicine), Professor;
eLibrary SPIN: 7315-5961; e-mail: mokrenko@newstom.ru

* Corresponding author / ABTOp, 0TBETCTBEHHbIV 33 NEpenmcKy

Vol.23(2)2025

DAl https://doiorg/1017816/RCF635229

Reviews on Clinical Pharmacology
and Drug Therapy

46, Posternak Gl, Tkacheva MYu, Fetisov NN, Manishchenkov SN.
Formation of the nociceptive system in a newborn child. Emergency
Medicine. 2013;(2)41-43. EDN: QAUHTR

47. Anand KJS, Sippell WG, Green AA. Randomised trial of fen-
tanyl anaesthesia in preterm babies undergoing surgery: ef-
fects on the stress response. Lancet. 1987;329(8527):243-248.
doi: 10.1016/S0140-6736(87)90065-1

48. Bromage PR, Shibata HR, Willoughby HW. Influence of pro-
longed epidural blockade on blood sugar and cortisol responses
to operations upon the upper part of the abdomen and the thorax.
Surg Gynecol Obstet. 1971;132(6):1051-1056.

49. Anand KJS, Aranda JV, Berde CB, et al. Analgesia and anes-
thesia for neonates: study design and ethical issues. Clin Ther.
2005;27(6):814-843. doi: 10.1016/j.clinthera.2005.06.021

50. Franck LS, Cox S, Allen A, Winter I. Parental concern and dis-
tress about infant pain. Child Fetal Neonatal Ed. 2004;89(1):71-75.
doi: 10.1136/fn.89.1.F71

51. Goldman RD, Koren G. Biologic markers of pain in
the vulnerable infant. Clin Perinatol. 2002;29(3):415-425.
doi: 10.1016/S0095-5108(02)00014-3

0b ABTOPAX

*flkoBneBa EkatepuHa EBreHbeBHa, KaHa. Mef. Hayk;
agpec: Poccus, 197376, Cankt-letepbypr,

yn. Akagemuka lMasnosa, 4. 12; ORCID: 0000-0002-0270-0217;
eLibrary SPIN: 6728-7340; e-mail: eeiakovleva@mail.ru

Bbiukos EBrexuii PygonbhoBuy, o-p Mef. Hayk;
ORCID: 0000-0002-8911-6805; eLibrary SPIN: 9408-0799;
e-mail: bychkov@mail.ru

Fanyctan AHHa HukonaeBHa, KaHA. Mef. HayK, OLEHT;
ORCID: 0000-0001-9679-632X; eLibrary SPIN: 3303-7650;
e-mail: dr.galustyan@gmail.com

KypuubiHa Hatanus AHppeeBHa; elibrary SPIN: 4361-7365;
e-mail: bely25193@yandex.ru

MokpeHko EBrenuii BnagumMmnpoBuy, -p Mefl. HayK, npodeccop;
eLibrary SPIN: 7315-5961; e-mail: mokrenko@newstom.ru

143


https://elibrary.ru/qlmzyl
https://doi.org/10.17816/psaic157
https://elibrary.ru/ucdnbp
https://doi.org/10.1046/j.1460-9592.1998.00322.x
https://doi.org/10.1053/jpsu.2002.31619
https://doi.org/10.1097/EJA.0000000000001150
https://elibrary.ru/qauhtr
https://doi.org/10.1016/S0140-6736(87)90065-1
https://doi.org/10.1016/j.clinthera.2005.06.021
https://doi.org/10.1136/fn.89.1.F71
https://doi.org/10.1016/S0095-5108(02)00014-3
https://orcid.org/0000-0002-0270-0217
https://www.elibrary.ru/author_profile.asp?spin=6728-7340
mailto:eeiakovleva@mail.ru
https://orcid.org/0000-0002-0270-0217
https://www.elibrary.ru/author_profile.asp?spin=6728-7340
mailto:eeiakovleva@mail.ru
https://orcid.org/0000-0002-8911-6805
https://www.elibrary.ru/author_profile.asp?spin=9408-0799
mailto:bychkov@mail.ru
https://orcid.org/0000-0002-8911-6805
https://www.elibrary.ru/author_profile.asp?spin=9408-0799
mailto:bychkov@mail.ru
https://orcid.org/0000-0001-9679-632X
https://www.elibrary.ru/author_profile.asp?spin=3303-7650
mailto:dr.galustyan@gmail.com
https://orcid.org/0000-0001-9679-632X
https://www.elibrary.ru/author_profile.asp?spin=3303-7650
mailto:dr.galustyan@gmail.com
https://www.elibrary.ru/author_profile.asp?spin=4361-7365
mailto:bely25193@yandex.ru
https://www.elibrary.ru/author_profile.asp?spin=4361-7365
mailto:bely25193@yandex.ru
https://www.elibrary.ru/author_profile.asp?spin=7315-5961
mailto:mokrenko@newstom.ru
https://www.elibrary.ru/author_profile.asp?spin=7315-5961
mailto:mokrenko@newstom.ru

(0030pbl N0 KNMHWYECKOM (hapMaKonormv

HAYYHBIE OB30PHI Tom23,N°2,2025 1 N1eKapCTBEHHOM Tepanin
144

Polina A. Makarova; ORCID: 0009-0008-0923-4555; MakapoBa MonnHa AHaTonbeBHa; ORCID: 0009-0008-0923-4555;

eLibrary SPIN: 3096-3159; e-mail: polya.makarova.2000@mail.ru eLibrary SPIN: 3096-3159; e-mail: polya.makarova.2000@mail.ru

Petr D. Shabanov, MD, Dr. Sci. (Medicine), Professor; LLla6aHoB MeTp OMuTpueBmny, 0-p Mef. Hayk, npodeccop;

ORCID: 0000-0003-1464-1127; eLibrary SPIN: 8974-7477; ORCID: 0000-0003-1464-1127; eLibrary SPIN: 8974-7477;

e-mail: pdshabanov@mail.ru e-mail: pdshabanov@mail.ru

DAl https://doiorg/1017816/RCF635229


https://orcid.org/0009-0008-0923-4555
https://www.elibrary.ru/author_profile.asp?spin=3096-3159
mailto:polya.makarova.2000@mail.ru
https://orcid.org/0009-0008-0923-4555
https://www.elibrary.ru/author_profile.asp?spin=3096-3159
mailto:polya.makarova.2000@mail.ru
https://orcid.org/0000-0003-1464-1127
https://www.elibrary.ru/author_profile.asp?spin=8974-7477
mailto:pdshabanov@mail.ru
https://orcid.org/0000-0003-1464-1127
https://www.elibrary.ru/author_profile.asp?spin=8974-7477
mailto:pdshabanov@mail.ru

	Pharmacologic Management of Pain in Intraoperative and Postoperative Periods in Pediatric Practice

	Abstract

	To cite this article



	Фармакологическая коррекция боли в интра- и послеоперационном периодах в педиатрической практике

	Аннотация

	Как цитировать


	Nociception in Newborns 
	Pain Medications in the Intraoperative and Postoperative Period 
	Conclusion

	Additional Info 
	Дополнительная информация

	References

	Authors' Info

	Об авторах



