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Background. In the planning of anesthesia and postoperative therapy for surgical correction of congenital spinal
deformity, the volume, the spine that is operated, and the patients’ age are all factors to consider. In pediatric practice,
the use of opioid analgesics for pain relief in the postoperative period after extensive and traumatic surgical interventions
is generally accepted. There is very little information on the effectiveness and safety of prolonged epidural analgesia
in young children in spinal surgery.

Aim. The aim of this study was to give a comparative assessment of the use of prolonged epidural blockade and
constant drip of fentanyl as the main components of postoperative analgesia during surgical correction of congenital
spine deformity caused by violation of the vertebra formation in children.

Materials and methods. The features of the postoperative period in 43 cases of correction of congenital spine
curvature performed in the Turner Scientific Research Institute for Children’s Orthopedics from 2016 to 2018 were
retrospectively evaluated. Patient age ranged from 2 to 11 years. The patients were divided into two groups: group P
included 22 patients whose main component of postoperative anesthesia was prolonged epidural analgesia, and group F
included 21 patients whose main component of postoperative anesthesia was fentanyl. Anamnestic data analysis and
clinical, laboratory, instrumental, and statistical analyses were used as methods of assessment.

Results. The data showed that the number of patients with undesirable respiratory disorders recorded in the first
day in the form of bradypnea and desaturation was higher in group F than in group P. The number of patients who
experienced nausea and vomiting and those who received antiemetics on the first day after surgery were comparable
in both groups. However, the number of patients with fixed nausea, vomiting, and receiving antiemetics became
significantly higher in group F in the next 2 days. In addition, at all stages of the assessment, there was an increase
in the recorded episodes of peristalsis inhibition in patients from group F The number of patients, who required
additional anesthesia within 3 days of observation was comparable in both groups.

Conclusion. Prolonged epidural analgesia and constant drip of fentanyl are equally effective for providing pain relief
in the postoperative period, but prolonged epidural analgesia provides a significant reduction in the frequency and
severity of the gastrointestinal tract dysfunction.
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O6ocHoBanue. [I1aHNpOBaHME aHECTE3MOMTOTUYECKOTO Obeclede sl U MMOC/IeONePAIOHHO Tepaluu IpyU XUPYPru-
4ecKOV KOPPEKIMM BPOXKAEHHOI! AeopMaLiuy ITIO3BOHOYHOTO CTONOA MMeeT OIpefieNieHHble 0COOEHHOCTH, CBs3aHHbIe
¢ 00beMOM ONEepPaTMBHOIO BMEIIATe/IbCTBA, OTHEIOM II03BOHOYHMKA, Ha KOTOPOM OCYILIEeCTBIAIOTCA OllepaTMBHbIE
BMeIIATe/IbCTBA, I BO3PACTOM IMAIMEHTOB. B HeTcKkoil ImpaKTHKe MIMPOKO NPYMEHAIOT OINMOMIHbIE aHANbIeTUKM /LA
00e360/MBaHNsA B IOCTEONEPAYIOHHOM IIepMofie TIPY OOMIMPHBIX ¥ TPABMATMYHBIX XMPYPIUUECKUX BMeIIaTeNbCTBAX.
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Jlauuble 06 3¢ deKTUBHOCTY U 6€30IMaCHOCTU MpUMEHEHNsI TIPOIEHHOI MUY PaTbHO aHA/ITe3UN y feTell MIaALIero
BO3pacTa B CIMHAIbHONM XUPYPIUU IMPAKTUIECKN OTCYTCTBYIOT.

Ilenp — mpoBecTH CPaBHUTENbHYIO OLIEHKY IPYMeHEHNs IPOIIEHHON SMUAYpanbHOl 6I0Kajbl U MOCTOSHHOTO BHY-
TPUBEHHOTO BBefleHMs (peHTaHM/Ia B Ka4eCTBe OCHOBHBIX KOMIIOHEHTOB IIOC/ICOIEPALMOHHOTO 06e3001MMBaHuA IIpK
XVMPYPrUYecKoll KOppeKIUM BpOXKJEHHOI JedopMaluy MO3BOHOYHMKA, BBI3BAaHHON HapylleHneM (GopMupoBaHUA
TIO3BOHKA, y JIETENA.

Marepuan u MeTOgbl. PeTpOCIIEKTNBHO OIleHEHBI 0COOEHHOCTM ITOC/TEONEePALMOHHOTO Tepuoia B 43 HaOMOneHUAX
KOPPEKINM BPOXXIEHHOTO MCKPMBJIEH)A IT03BOHOYHMKA, BbIoMHEHHbIX B OIBY «HMIOWU um. [U. Typuepa» Mun-
3npaBa Poccuu B mepuon ¢ 2016 mo 2018 1. Bospact nanmenToB coctasui ot 2 fo 11 jet. ITanyeHTs! 661N pasaeneHsl
Ha ABe rpynnsl: rpynmy I1 (22 manueHTa, OCHOBHOJ KOMIIOHEHT IOC/IEONEpPalIOHHOTO 00e300/MBaHNA — IPOJIeH-
Has snypypalbHas aHairesud) u rpymmny @ (21 manyueHT, OCHOBHOJ KOMIIOHEHT IOC/IEONepalIOHHOTO 00e300/Ba-
HuA — ¢enranwi). Vcnonp3oBamu caefyomye METOAbl OLIEHKN: aHaIM3 aHAMHECTUYeCKNMX NAaHHBIX, KIMHUYEeCKUI,
NabOpaTOPHBIIT, MHCTPYMEHTA/IbHBIA, CTATUCTUYECKIIL.

PesynpraTbl. KonndecTBo manyeHTOB ¢ 3apMKCHPOBAHHBIMU B II€PBble CYTKU HeXXeTaTeIbHbIMU PeCIIUpPaTOPHBIMU
HapyLIeHUAMM B Buje 6paguIiHos u fiecarypamyu B rpymne @ 6pi10 6ombine, yem B rpymme I1. Komnyectso manyeH-
TOB C TOLIHOTOJ, pPBOTON M NOJMYYaBIINX aHTMSMETUKY B IIepBble CYTKU IOC/Ie omepanyy ObIJIO COIOCTaBUMMO B 00enx
rpynmax. B mocnegyromue fBoe CyTOK KOMMYECTBO HNALMEHTOB ¢ 3a(MKCUPOBAaHHBIMYU TOIIHOTOI, PBOTON U MOTyYaB-
MNX aHTUAMeTUKN B rpynme @ 6su10 focToBepHO Gosbure. IIpy 5TOM yBenydeHne SMIU30f0B YTHETEHNS IIEPUCTANIb-
TUKI Y HaIMeHTOB Ipymnmel @ oTMeueHO Ha BCeX 3Talax OLeHKU. KonmmuecTBO MalyeHTOB, KOTOPBIM IOTPe6OBAIOCh
IOIONMHNTENbHOE 06e300/MMBaHNe B TeUEHNE TPeX CYTOK HaOMoleHus, 6bUI0 COIIOCTABMMO B 00eUX TpYIIax.
3akmouenne. IIpyMeHeHMe NPOJICHHON SIUAYPaNbHOI aHANTe3MN ¥ MOCTOSHHOTO BHYTPMBEHHOTO BBefeHMA (eH-
TaHMIA OAMHAKOBO 3 GeKTUBHO 1A obecredeHnsa 06e360/IMBaHNA B IIOC/IEONEPALVIOHHOM IIepHUofie, HO IPOAIeHHAsA
SMMAypanbHasg aHaIre3ns obecredyBaeT HOCTOBEPHOE CHVDKEHVE YacTOTHI M BBIPAKEHHOCTM HapyLIeHWIT AMHaMude-
CKMX (pYHKIIMIT XKeTYLOUYHO-KAIIEYHOTO TPAKTA.

KnroueBsbie cnoBa: IocCineonepanMoOHHaA aHaAre3nsAa; BpOXKAE€HHAA I[e(bOpMaI_II/IH TIIO3BOHOYHMKA; XMPYPTMIECKOE I€qe-

HUE; TeTU.

Background

Progressive forms of congenital spinal deformi-
ties due to vertebral malformation, especially of
the lateral and posterolateral hemivertebrae, in
the absence of timely surgical correction, lead
to the development of severe spinal curvature
in preschool-aged children. Furthermore, severe
variants of congenital scoliosis often result in the
dysfunction of the cardiovascular, respiratory, and
digestive systems [1-3].

Congenital spinal deformities involving
lumbar localization, as characterized by vertebral
malformation, are among the most severe
pathologies of the axial skeleton and lead to the
rapid and gross biomechanical abnormalities of
the spino-pelvic alignment [4]. Such curvatures
require early surgical intervention with a complete
radical correction of the congenital deformity,
which involves the anatomical restoration of the
spinal canal and physiological spinal curvatures [5].
The timely radical correction of congenital spinal
deformities ensures a correct balance of the trunk
and physiological development of the spinal
column and the prevention of the development of
complications in other organs and systems [6].

When planning anesthetic support and post-
operative therapy for the surgical correction of
congenital spinal deformities, the following aspects
should be considered.

1. Congenital spinal deformities amid vertebral
malformation are often combined with the
developmental defects of other organs and systems,
most often the cardiovascular and urinary systems.

2. The early surgical correction of pediatric patients
under 3 years of age is complicated due to the
lack of body weight to various extents.

3. The extent, duration, and injury rate of surgi-
cal intervention and possible massive blood loss
during the surgical correction of congenital spi-
nal deformities increase the risk of general sur-
gical and anesthetic complications [7]. This case
is especially typical for the simultaneous extirpa-
tion of an abnormally developed vertebra via the
lateral lumbotomy approach and fixation with
surgical hardware via the dorsal approach. Intra-
operative blood loss in such situations can reach
80% or more of the circulating blood volume [8].

4. The extent and injury rate of surgical interven-

tions determine the need for intensive and
adequate analgesia in the postoperative period.
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5. After the surgical correction of congenital
deformities of the lower thoracic and lumbar
spine with a combined approach, adverse side
effects that most often occur in the postoperative
period include intestinal paresis, bloating,
delayed discharge of gas and stool, and vomiting.

6. The development of the clinical presentation
of dynamic intestinal obstruction in the post-
operative period is caused by various factors,
especially the extent and location of surgical
intervention. The lumbotomy approach involves
a long displacement of the parietal peritoneum
and abdominal organs, the need for intense
analgesia with the use of strong opioid drugs,
and possible gross intestinal dysbiosis with the
administration of perioperative antibacterial pro-
phylaxis. The most pronounced clinical mani-
festations occur on postoperative days 2 and 3.

7. Failing to ensure the proper positioning of
the patient during surgery; intensive infusion
therapy, including the use of donor blood
components; and analgesia with opioid analgesics
in the postoperative period often contribute to
external respiration dysfunction, which may
require respiratory support.

In pediatric practice, opioid analgesics are
widely used during extensive surgical interventions
for pain relief in the postoperative period [9-13].
This approach provides a sufficient level of
analgesia in most cases, although adverse effects,
such as respiratory depression, negative effects on
peristalsis, nausea and vomiting, mental disorders,
and the development of tolerance and addiction, are
often noted [9, 13].

Prolonged epidural analgesia (PEA) is widely
used for the surgical correction of idiopathic
scoliosis in adolescent patients. The efficacy of PEA
is similar to that of opioids but is not accompanied
by such adverse effects [10, 14-17]. In addition,
the use of PEA in the postoperative period after
the surgical correction of idiopathic scoliosis in
adolescents provides faster recovery of peristalsis,
as compared with the use of opioid analgesics [10].

However, data on the efficacy and safety of PEA
for pain management in the postoperative period
after spinal surgery in young pediatric patients is
very limited.

Therefore, the aim of the present study is to
comparatively assess the use of prolonged epidural
block and continuous intravenous administration of

fentanyl as the main components of postoperative
analgesia for the surgical correction of congenital
spinal deformities caused by vertebral malformation
in pediatric patients.

Material and methods

The specific characteristics of 43 pediatric
patients (32 girls and 11 boys; mean age, 4 years;
age range, 2-11 years) who underwent correction of
congenital spinal deformities at the Turner Scientific
Research Institute for Children’s Orthopedics from
2016 to 2018 were retrospectively evaluated. The
criteria for inclusion in this study were congenital
scoliosis caused by vertebral malformation with
localization in the lower thoracic or lumbar
spine, isolated malformation of the spine, surgical
correction of a congenital spinal deformity via the
combined approach, compliance with the anesthesia
protocol described below, the use of PEA or
continuous intravenous administration of fentanyl as
the main component of postoperative analgesia, and
lack of need for an extended respiratory support in
the postoperative period. In all the cases, the extent
of surgical intervention included a simultaneous
extirpation of the malformed vertebra via the lateral
lumbotomy or thoracophrenolumbotomy approach
and a radical correction of a congenital deformity
with surgical hardware via the dorsal approach in
combination with bone grafting. In accordance with
the postoperative analgesia protocol, the patients
were divided into two groups: group P (22 patients,
PEA as the main component of postoperative
analgesia) and group F (21 patients, fentanyl as the
main component of postoperative analgesia).

The risk of anesthetic management and surgical
intervention in all patients was assessed while
taking into account the initial state of the patient,
presence or absence of concomitant pathology,
aspects of surgical correction, and intraoperative
blood loss volume. The initial mean physical
status score, according to the American Society
of Anesthesiologists physical status classification
guidelines, for all patients was 3 points. The total
anesthetic risk was estimated at 4 points.

In all cases, combined general anesthesia was
used in accordance with the following protocol.
Premedication was performed 30-40 min before
the start of anesthesia with benzodiazepine drugs
(midazolam and diazepam). For the minimization
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of painful manipulations and injections in the
perioperative period, the oral route of administration
was preferable (in 40% glucose solution). After
achieving moderate drug sedation, inhalation
induction with sevoflurane was performed.
Strengthening of anesthesia and myoplegia before
tracheal intubation was achieved by intravenous
bolus administration of fentanyl and rocuronium
bromide. Artificial lung ventilation was performed
in the “pressure control” mode with parameters
providing normoventilation. Anesthesia was suppor-
ted by intravenous microfluid administration of
propofol at a dose of 4-7 mg/kg/h and fentanyl at
a dose of 4-5 mg/kg/h. If necessary, a split dose of
rocuronium bromide was administered.

All patients underwent an installation of
a gastric tube and bladder catheterization. To avoid
massive blood loss, the mandatory components of
anesthetic management were catheterization of the
main venous vessel (subclavian or jugular vein) and
peripheral artery catheterization.

Standard monitoring during anesthesia included
electrocardiography, heart rate, hemoglobin oxygen
saturation, fraction of inspired O, (FiO,), end
tidal O,, fraction of inspired CO,, end tidal CO,,
MS, blood pressure (systolic, diastolic, and average),
and body temperature. An hourly monitoring
of urine output and analysis of arterial samples
(pH, O, tension, concentration of total O,, ratio of
arterial O, partial pressure to fractional inspired O,,
CO, tension, concentration of HCO,, BE, concen-
tration of total hemoglobin, hematocrit, Na*, K*,
Ca**, CI', glucose, osmolality, and lactate) were
performed with an ABL800 FLEX blood gas analyzer
(Radiometer Medical ApS, Brenshej, Denmark).

Intraoperative blood loss was estimated by
summing the amount of blood entered into the
reinfusion apparatus and the indicators obtained
after weighing the drapes used during the
intervention. The main blood preservation methods
used for all patients included appropriate patient
positioning on the surgical table during surgery to
ensure conditions for the maximum decompression
of the abdominal cavity, moderate hemodilution,
control of normothermia, hardware reinfusion
of auto-erythrocyte concentrate, and hemostatic
therapy (intravenous administration of fibrinolysis
inhibitors and donation of coagulation factors
with a blood loss of more than 30%-40%, namely,
a prothrombin-converting complex concentrate

or quarantine fresh-frozen plasma). The average

volemic load during anesthesia was 20-40 ml/kg/h,

depending on the rate and volume of blood loss.

To ensure analgesia for the group P patients, at
the end of the dorsal fixation with surgical hardware,
before suturing the wound, the epidural space was
catheterized through the surgical wound using
a standard set in accordance with the following
procedure. Via the median approach, through the
inter-arch space, one segment above the proximal
level of instrumentalization, the puncture of the
ligamentum flavum was performed under the control
of “loss of resistance” A catheter was inserted in the
cranial direction to the Thg-Th, level. The distal
end of the catheter was removed from the surgical
wound through a separate skin puncture. A test
dose of local anesthetic was administered after the
patient was awakened, and the neurological status
of the lower extremities was evaluated.

Tracheal extubation was performed at the end
of the surgery and anesthesia, in the absence of
indications for prolonged respiratory support, after
the restoration of effective independent breathing and
elementary consciousness. Further monitoring of all
patients was conducted in the Anesthesiology, Life
Support, and Intensive Care Unit ward for 3 days.

Postoperative intensive care included the
following:

e Infusion therapy in the normal hydration
mode, taking into account physiological needs,
pathological losses, and necessary correction
of electrolytes. For the prevention of intestinal
paresis, K* was administered in accordance with
the 1.5-phase flow regime.

e Analgesia: PEA with 0.2% ropivacaine solution
at a dose of 0.3-0.4 mg/kg/h (group P) with
the continuous intravenous administration of
fentanyl at a dose of 1-2 pg/kg/h on day 1,
0.75-1.0 pg/kg/h on day 2, and 0.5 pg/kg/h on
day 3 (group F). In both groups, paracetamol was
administered intravenously at age-appropriate
dosages for up to 3 days. If necessary, additional
analgesia with ibuprofen or metamizol was
performed. If indications exist, then intravenous
midazolam was administered continuously
in accordance with the recommended doses
based on body weight for sedation, along with
antibacterial prophylaxis with broad-spectrum
drugs; symptomatic therapy; additional
stimulation of motility of the gastrointestinal
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tract, if necessary, via micro-enema; and

laboratory control.

During the follow-up period in the Anesthesio-
logy, Life Support, and Intensive Care Unit ward
(3 days), the following parameters (presence or
absence) were evaluated: bradypnea and desaturation
(SpO, < 95%), agitation, episodes of nausea and
vomiting, administration of antiemetic drugs,
bloating, marked inhibition of peristaltic sounds,
absence of stool over the first 3 days after surgery, the
need for additional stimulation of peristalsis, the need
for additional pain relief, and the need for sedation.

Parametric and nonparametric analyses were
performed using the Statistica 13.3 software package
(TIBCO Software Inc., Palo Alto, CA, USA). Values
calculated with the Mann-Whitney U test were
compared with the critical values at a significance
level of p < 0.05. If the calculated value of U was equal
to or less than the critical value, then the differences
were considered statistically significant. The Fisher’s
exact test was also applied. The difference was
considered significant if the value obtained with the
Fisher’s exact test was less than 0.05.

Results and discussion

Considering the age of the patient cohort in the
comparison groups and the respective difficulties in
determining the objectivity of complaints, the signs

of each patient were evaluated by the presence or
absence on the current day. The analytical results
of the studied parameters are presented in Table 1,
which provides the number of patients having
a particular sign.

As shown in Table 1, the number of patients
with adverse respiratory disorders (i.e., bradypnea
and desaturation) recorded on postoperative
day 1 was greater in group F than group P. This
result was not unexpected, as a large number of
previous comparative studies on the use of regional
anesthesia and systemic use of opioid analgesics
in the postoperative period in pediatric patients
reported similar results. In the present study, adverse
respiratory events were relevant on postoperative
day 1 and were stopped in all cases by additional
oxygen donation through an ear-loop face mask.
Mechanical respiratory support was not required.
Through postoperative day 2, no patient showed
signs of bradypnea or desaturation.

The number of patients with registered
nausea, vomiting, and receiving antiemetic drugs
on postoperative day 1 was comparable between
groups. This result was probably due to the fact
that, in this category of patients, the frequency of
nausea and vomiting in the immediate postoperative
period is largely caused by the duration and
nature of the anesthesia, in addition to other
factors unrelated to the nature of postanesthetic

Table 1
Number of patients with registered events under study
Day 1 Day 2 Day 3
Sign
Group P | Group F p Group P | Group F p Group P | Group F p
Bradypnea 1 5 <0.05 0 0 >0.05 0 0 >0.05
and desaturation
Agitation 6 2 <0.05 0 0 >0.05 0 0 >0.05
Nausea, vomiting 8 9 >0.05 3 8 <0.05 1 5 <0.05
Use of 6 5 >0.05 0 7 <0.05 1 6 <0.05
antiemetic drugs
Bloating 0 3 <0.05 4 9 <0.05 3 10 <0.05
Inhibition 2 10 <0.05 2 7 <0.05 0 6 <0.05
of peristalsis
Additional 0 0 >0.05 1 7 <0.05 0 6 <0.05
stimulation
of peristalsis
Additional 5 4 >0.05 7 6 >0.05 6 6 >0.05
pain relief
Sedation 7 2 <0.05 3 7 <0.05 1 5 <0.05
Note. P — prolonged epidural analgesia; F — fentanyl.
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analgesia. The anesthesia protocol was the same
for all patients. At postoperative day 2, the number
of patients with nausea and vomiting and those
receiving antiemetic drugs was significantly greater
in group F, demonstrating the greater emetogenic
potential of opioids used as postoperative analgesia,
as compared with regional anesthesia methods.

At the same time, an increase in episodes of
peristalsis inhibition was noted at all stages of
assessment in group E which required significantly
more frequent use of mechanical stimulation of the
intestines on postoperative days 2 and 3.

Given the age-related characteristics of the
patients, the FLACC behavioral scale and the Wong-
Baker FACES Pain Rating Scale were used to assess
the sufficiency of analgesia in the postoperative
period. The criteria for determining the inadequacy
of the level of analgesia and the prescription of
additional analgesia were a total score of four
or more points or three or more points on these
scales, respectively. The number of patients who
required additional analgesia during the 3 days of
observation was comparable between groups, which
confirms that the efficacy of the variants used for
postoperative analgesia did not significantly differ
in this category of patients.

The multidirectional change in the number
of patients who underwent drug sedation is
noteworthy. On postoperative day 1, the frequency
of such cases was higher in group P, which correlates
completely with the significantly larger number of
patients in this group with agitation recorded on
postoperative day 1. In group F, agitation episodes
were noted in two patients on postoperative day 1,
which indicates a more pronounced sedative
effect of the prolonged administration of opioid
analgesics in the postoperative period. No episodes
of agitation were observed over the next 2 days in
either group. However, sedation during this period
was required significantly more often in group E
which was probably due to the expressed anxiety
accompanying dyspeptic symptoms and bloating in
young pediatric patients.

Stool retention of more than 3 days was noted
in three patients in group P and nine in group F
(p < 0.05).

Dysfunction of the gastrointestinal tract and
respiratory problems most often cause a delay in
the recovery phase and deteriorate the course of
the postoperative period following the surgical

correction of congenital spinal deformities.
The development of adverse concomitant events
in the digestive system and external respiration is
also closely related to the method of postoperative
analgesia [10]. The determination of an optimal
protocol for multimodal anesthesia in the
postoperative period for a specific variant of surgical
treatment can significantly improve the quality and
speed up the recovery phase, while minimizing
possible associated adverse events.

The prokinetic potential of PEA, which is widely
used for the treatment of acute surgical pathologies
of the abdominal cavity in pediatric patients, has
long been known and confirmed. We recommend
the use of PEA to ensure effective analgesia and
avoid problems related to impaired motor function
of the gastrointestinal tract following the surgical
correction of spinal deformities in pediatric patients.

Conclusion

PEA and continuous intravenous administration
of fentanyl are equally effective in providing pain
relief in the postoperative period following the
surgical correction of congenital spinal deformities
with a combined approach. Fentanyl, as the main
component of postanesthetic analgesia, causes
a more pronounced sedation in the immediate
postoperative period. However, its use is accom-
panied by an increase in the number of adverse
respiratory disorders, such as bradypnea and
decreased saturation. By contrast, the use of PEA
in the postoperative period following the surgical
correction of congenital spinal deformities with
a combined approach provides a significant decrease
in the frequency and severity of gastrointestinal
disorders.
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