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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.
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