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Continuous fentanyl infusion reduces intra-abdominal
pressure, postoperative pain and normalizes lungs’
mechanical changes in newborn with viscera-abdominal
disproportion in early post-operative period
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Abstract. We aimed to study the influence of prolonged administration of fentanyl on postoperative pain, intra-ab-
dominal pressure and mechanical lungs’ changes that may happen in neonates in early post-operative period.
30 newborns (in the period from January 2017 to May 2021 ) with gastroschisis were divided into two groups ac-
cordingly to the method of analgesia (14 — morphine hydrochloride; 16 — prolonged infusion of fentanyl). Lungs’
mechanical characteristics, effectiveness of post-operative analgesia, abdominal wall relaxation was studied by
monitoring of dynamic compliance (C,, ), pressure and flow-volume loops, capnography. Apprising analgesia sta-
tus, we measured hemodynamic, Sa0,, blood level of cortizol, C-reactive protein (CRP), glucose, analyzed post-
operative pain syndrome using visual analogue scales (VAS). Intra-abdominal pressure (IAP) was controlled by
Cron. For statistic analysis we used Student’s t-test. In the group with morphine, thete was the increase of IAP by
11-12 cm H,0, being stable during some period of time, and also variable levels of pain according to VAS, the in-
creasing of CRP from 0.8+0.25 mg/dl by 5 mg/dl, cortisol by 674.4 nmol/l, and blood glucosae rate — 7.4 mmol/I.
Periods with high traumatic effects and poor analgesia (morphine group) reasoned the increasing IAP, step by step
dynamic compliance decreasing in 3.4 times, resistance increasing in 2.42 times and PIP rising till 22 cm H,0. Di-
rect correlation between IAP increase and lungs’ mechanical changes took place. The study has demonstrated that
prolonged administration of fentanyl prevented high increase of AP, CRP, levels of glucose and cortizol and changes
of VAS data, lungs’ mechanical characteristics.
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Introduction

Nowadays we have a great variety of analgetic drugs, but
besides this 31 % of children suffer of intensive peri-oper-
ative pain. Pain in peri-operative period is dangerous, but
its influence on organ systems’ functions such as lungs
functioning and hemodynamic is of greater importance.
In such a way pain may influence on oxygenation mech-
anisms in peri-operative period. Providing respiratory
stability during peri-operative period in newborns with
surgical problems is not an easy task, because they have
at the same time not only surgical disease but some other
neonates’ lung functioning pathologies [1-3]. Peri-op-
erative pain is the main barrier that influence on lung
functional stability. The problem of how pain in neonates
influences on lungs’ mechanical characteristics have not
been solved yet.

To study the influence of analgesia by means of pro-
longed fentanyl infusion on postoperative pain, intra-ab-
dominal pressure and mechanical lungs’ changes belong-
ing to neonates in early post-operative period was the aim
of our research work.

Materials and methods

Our study from January 2017 to May 2021 included 30 new-
borns who were operated because of congenital defects
of front abdominal wall, such as gastroschisis. We divided
all patients into two groups accordingly to the method of
analgesia. In the first group (14 patients) we used for anal-
gesia intravenous morphine hydrochloride every six hours
in dose — 0.1-0.3 mg/kg, In the second group (16 patients)
we administered prolonged infusion of fentanyl solution
in dose 3—5 mkg/kg/h. Such analgesia therapy continued
during all periods of surgery and after the operation (5—7
days in general). The criteria to stop analgesia were respi-
ratory stabilisation, spontaneous breathing recommencing
and general stabilization of neonate’s status. Every of the
newborns had being treated before the operation to stabi-
lize and normalize blood circulation volume, hemodynam-
ic parameters, optimize microcirculation, to provide ba-
sic-acid homeostasis by means of well-known traditional
infusion therapy approaches. The duration of such a ther-
apy was about 24.8 + 7.5 hours in patients having gastro-
schisis. Intra-operative volume was 23.4 = 10.0 ml/kg/h.
The narcosis was: natrii oxybutyras 20% in dose 100—
150 mg/kg with fentanyl 0.005% in dose 20 ug/kg. Lung
ventilation was obligatory, using “Bear Cub” ventilator
(A/C, SIMV/PSV), with tidal volume — 4—6 ml/kg, PEEP
5 cm H,0, PIP — 12-22 cm H,O Br — 30-35 per minute.
Ventilation was definitely dependent on defect value and
data of intra-abdominal pressure increase. We studied
lungs’ mechanical characteristics’ interdependency with
effectiveness of post-operative analgesia and abdominal

wall relaxation in the way of continuous monitoring of dy-
namic compliance (C, ), pressure-volume and flow-vol-
ume loops, capnography by means of graphical monitor.
The duration time of ventilation was 8.3 + 2.4 days. Oth-
er methods to apprise the analgesia status we used were
measurements of hemodynamic, Sa0,, blood level of corti-
zol (by the way of immune-enzymatic analysis). For objec-
tive analysis of operative stress we measured serum levels
of C-reactive protein (CRP) and glucose blood levels using
standard methods [4, 5]. We measured blood levels of CRP,
cortizol and glucose five times (1 hour before the opera-
tion and on the 1%, 6™ 12, 24t hours after the operation).
All laboratory studies were conducted in the clinical lab-
oratory at Vinnytsia children’s regional hospital. We held
the subjective analysis of postoperative pain syndrome by
the way of using visual analogue scales (VAS) Wang/Baker.
To study the appearance of compartment-syndrome in ne-
onates we used to measure intra-abdominal pressure (IAP)
by Cron and Iberty [6]. Our study was held including some
steps. They were: the 1% step — 1 hour after the operation,
2 step — 6 hours, 3™ step — 12 hours, 4" step — 24 hours,
5™ step — 36 hours after the operation.

To determine normal value of IAP, the same measure-
ment had been conducted in 50 term and 50 preterm neo-
nates who had no disorder of the abdomen. The results
received in this patients group were considered as normal
ones, they were: 8.92 + 0.18 mm Hg (in term infants) and
7.84 = 0.12 (in preterm infants).

For statistic analysis we used Student’s t-test for con-
ducting of parametric and nonparametric data.

Table 1. Demographic characteristics of the studied
population

Total patients Gastroschisis Omphalocele
episodes episodes
Total episodes 42 15
Birth weight (g)* 1882.4+223.3 2122.7+310.2
Gestational age (weeks)y*  30.4+4.2 31.2+34
Male/female 27/15 7/8

Footnotes: * Mean 6 standard deviation (range).
Source: Authors” own processing.

Parents of all patients were informed about our re-
search work and we got their permission to perform this
study. Our study was carried out according to WMA Dec-
laration of Helsinki — “Ethical Principles for Medical Re-
search involving Human Subjects”. We also followed the
statements of Geneva Declaration of WMA. All statements
of our experiment had been checked out by Ethical Com-
mittee and we got institutional review board approval.
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Results and discussion

The 1 and 2™ neonate groups were similar by sex-di-
morphism, gestation terms and middle age. The research
showed IAP increasing at first steps of the study (Table 1).
Clear correlation between IAP changes, during different
periods of research work, and changes of mechanical re-
spiratory characteristics in neonates should be mentioned
(Table 1). We have noticed that in the group where mor-
phine was used, increase of IAP by 11-12 cm H,O took
place. High IAP was stable in this group during some period
of time and did not decrease lower 10—12 cm H,O. During
this period, in morphine group, we also had variable levels
of pain according to VAS. They changed from middle data
at the time when IAP was low and when lungs’ mechan-
ics became better to high meanings (the more time from
morphine injection passed). But prolonged administration
of fentanyl had being prevented such a high increase of
IAP its data were near normal ones, time of its returning
to the point of departure was shorten in comparison with
those in the group with morphine. In fentanyl group data
of VAS were almost constant. Such tendency we explain by

the phenomenon of inadequate analgetic effect that take
place when bolus morphine is used. It is proved by the in-
creasing of CRP from the meaning of 0.8 + 0.25 mg/dl by
5 mg/dl, cortisol by the meaning of 674.4 nmol/l and blood
glucosae rate — 7.4 mmol/l. During the operation there
were some periods when IAP increase happened. These
periods accompanying with high traumatic effects were
the main reason of increased IAP. This can be explained as
a result of poor analgesia because of low morphine dose
(according to well-known pharmacokinetics of Morphni
Hydrochloridi). Glucosae and cortizol levels were also high
during these periods CRP increasing was accompanying
too. IAP changes during different steps of the research
directly influence on respiratory indices and breathing
mechanics in newborns (Table 2). When operation trau-
ma happens at the very beginning of surgical correction
(when abdominal organs were plunging inside the reduced
abdominal cavity and starting multivectorial gradual dis-
traction of all front abdominal wall layers) we found step
by step dynamic compliance decreasing in 3.4 times, resis-
tance increasing in 2.42 times and PIP rising till 22 cm H,O
and maximum changes in graphical monitor in comparison

Table 2. Index changes during different steps of the viscera-abdominal correction study in newborns (M + m)

Index before the 1st hour after ~ 6th hour after ~ 12th hour after 24th hour
operation operation operation operation after operation
Morphine (n=14)
Cdyn (ml/cm H,0) 3.81 0.2 1.12+£0.1* 1.38 £ 0.3* 2.23 +0.1*% 4.01x0.2
Rpk (cm H,0/1/kg) 189.0 £9.01 401.0 = 9.0* 280.0 £9.1* 202.0 = 7.4* 198.0 + 8.0
PIP (cm H,0) 124+1.8 14.6 = 2.4* 21.2+£22* 18.6 = 1.9*% 140+ 2.0
IAP (mm Hg) 8.5 +0.22 9.71 £0.18* 11.0+0.31%* 10.14 £ 0.4* 8.57 0.2
Glucosae (mmol/I) 401 +£1.2 6.01 = 1.1* 7.30 £0.7* 7.2 £0.5% 6.20 0.8
Cortizoli (nmol/l) 4124718 622.4 = 82.4* 610.2 = 74.2* 588.4 = 71.0* 544.0 £ 82.0
C-protein (ml/dl) 0.8 =0.25 1.3 +0.2% 2.2+ (.3 3.8 0.2* 50 0.1
Phentanyl infusion (n = 16)
Cyyn (ml/cm H,0) 4.01 0.1 1.26 £ 0.2*%# 1.48 £ 0.2*%# 2.34 £ 0.1%# 3.99+0.2
Rpk (cm H,0/1/kg) 204.0 £ 9.6 472.0 £ 9.0%# 302.0 £ 9.1*# 212.0 £ 8.2%# 208.0 = 8.4
PIP (cm H,0) 11.8+2.0 14.0 = 1.9%# 20.0 = 2.1*# 17.4 + 2.2%4 13.3+2.1
IAP (mm Hg) 8.71 £0.29 9.71 £ 0.18*# 10.33 + 0.33*# 9.67 £ 0.21%# 8.33 £0.21
Glucosae (mmol/I) 42+14 5.3 £ 0.4%# 59 £ 0.7%# 5.2 £ 0.4%# 5.0=0.6
Cortizoli (nmol/1) 4320+ 67.4 499.2 £ 91.0*# 542.2 = 64.4*# 580.0 = 74.4%# 504.4 = 80.8
C-protein 0.8+0.3 1.1 £0.2%# 1.3 £0.25%# 1.4 £ 0.5%# 1.0+0.2

Footnotes:* p < 0.001 in comparison with the first step examination (Student’s t-test); # — p <0.001 in comparison with morphine group.

Source: Authors” own processing.
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with those that were before the operation. IAP increased
at the same time too (Table 2), (Fig. 1). In this research we
found IAP increase in neonates having viscera-abdominal
disproportion during all steps of anaesthesia.

There was direct correlation between IAP increase
and lungs’ mechanical changes (dynamic compliance de-
creasing in 3.5 times, airway resistance increasing in 2.4
times and PIP rising till 20.0 + 2.1 cm H,0) (Fig. 1).

Better analgesia we have attained by using prolonged ad-
ministration of fentanyl that showed little changes in lungs’
mechanical characteristics, insignificant increasing of CRP,
slight levels of glucose and cortizol [7, 8] (Table 2, Fig. 2).

In conditions of surgical correction of viscera-ab-
dominal disproportion in neonates it is very difficult to
explain respiratory and hemodynamic changes. To real-
ize this task we should take into account wide variety of
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Fig. 1. The multivectorial distraction and graphical monitoring during the period of abdominal organs’ plunging inside the reduced abdominal cavity
(group with bolus administration of morphine hydrochloride).
Source: Authors " archive
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Fig. 2. The multivectorial distraction and graphical monitoring during the period of abdominal organs’ plunging inside the reduced abdominal cavity

(group with prolonged fentanyl administration).
Source: Authors * archive
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factors using complex study and differentiating analysis
of pain origin in neonates. There is no indivisible reason
provoking hemodynamic and lungs’ mechanical changes
mentioned earlier.

We suppose that during eventereted abdominal or-
gans had being plunged into reduced abdominal cavity
abdomen extended in volume and after that its tension
happened. If neonate in such conditions had inadequate
analgesia abdominal wall tension, increased IAP and re-
ceptors’ irritation in tissues of abdominal walls that were
being extended would decrease pain reception barrier of
A-p myelin nervous filaments (not nociception filaments).
Centrifugal reflex arc of IAP increase is formed. They say
that decrease of spatial discerntion because of more sen-
sitive area of every nerve and wider area of their overlap-
ping without modulation, very low barrier and enhanced
transmition of nociception entrances in common lead to
exaggerated pain answer in neonates [9].

In our study we found that bolus infusion of morphine
did not guarantee adequate analgesia, which resulted in
pain syndrome inducing the IAP increase during plunging
organs into abdominal cavity. It is very important because
IAP increases on definite steps of surgical correction of
viscera-abdominal disproportion, and also, is dependent
on such mechanical processes, as lack of adaptation to the
abdominal wall tissue extension and insufficient abdomi-
nal cavity. High IAP increase leads to diaphragmatic dis-
placement nearer to thorax resulting in increase of thorax
pressure, lungs’ volume decrease during expiration phase,
decrease of lungs’ functional residual capacity, decreasing
inspiration lung volume, compression of lungs parenchy-
ma that leads to alveolar collaboration in the base part of
lungs, alveolar atelectasis and their damage (Fig. 1). World
scientific data prove the same [10—12]. These conditions
of lungs’ functioning in neonates having viscera-abdominal
disproportion make us think about ways of optimization
patients’ state of health and provide comfortable treat-
ment to aim postoperative recovery of newborns in a short
period of time. That is why we should provide adequate
peri-operative analgesia because of pain syndrome’s high
stress effect (Fig. 2). Sufficient treatment of pain syndrome
during all steps is a direct and successful way to optimize
lungs’ mechanics, to conduct mechanical ventilation in a
proper way with functional respiratory stability.

Conclusion

When surgical correction of viscera-abdominal dispro-
portion by the way of multivectorial extension in new-
borns is conducted we have IAP increase (mainly on the
first 24—48 hours). We also, register direct correlation
between high IAP and mechanical lungs’ changes.

To provide adequate analgesia in peri-operative peri-
od is better to give prolongation infusion of fentanyl, be-

SSN 2414-3812

cause it results in stability of IAP, prevents impulsation
of pain, decreases intra-abdominal hypertensive mecha-
nisms, gives the possibility to lungs function in physiolog-
ical conditions. But morphine bolus administration gave
only short therapeutic effect with progressively stable
IAP increase leading to deterioration lungs’ biomechanics
and problems with adequate mechanical ventilation.
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Pestome. B uccnedosanuu uzyiaemcs 6ausHU€ KOHMUHY-
aNbHOU UHQY3UU (GHEeHMAHUNA HA NOCAeOoNepPayUOHHYIO
0onb, 6HYMpPUOPIOUIHOE 0aBIeHUe U MEXAHUYECKUEe U3Me-
HEHUS 8 JIe2KUX, Komopble Mo2ym 803HUKHYMb Y HOBOPO-
HCOEHHBIX 8 PAHHEM NOCJIEONEPAYUOHHOM nepuooe. [1o me-
mooy obe3bonusatus 30 HO8OpoNcOetHbIX (HBapy 2017 —
mati 2021 2.) ¢ eacmpowiuaucom Obliu pazoeneHvl Ha 08e
epynnol (14-mu Obin Ha3Ha¥eH MOPPUHA 2UOPOXIOPUO;
16-mu — KOHMUHYanbHAs UHQPYsusa penmarnuna). Me-
XQHUYecKue Xapakmepucmuku Je2Kux, IP@ekmusHocms
NnocneonepayuoHHoll aHAMb2e3uU, peaakcayuu OpiouHol
CMeHKU U3y4anuce nymem MOHUMOPUH2A OUHAMUYECKO20
KomnJatienca, nemenb 0aeaeHUs U NOMOKA-00sema, Kan-
Hozpacpuu. Jns oyenku Kaiecmea 06e3601u8anus usmeps-
JIUCL napamempsl 2eMOOUHAMUKU, CAmypayus Kucaopooa
8 Kposu, yposeHs kopmu3zona, C-peakmugHo2o Oeka, 2/t-
KO3bl, NPOBOOUNACH OYEHKA NOCIe0NnepayuoHHo20 601e0-
20 CUHOPOMA C NOMOWbIO BU3YAJIbHbIX AHANO208bIX WIKAJL.
Brympu6piowinoe dasnerue (IAP) konmponuposanoce npu
nomowu Cron. Jlns cmamucmu4ecko2o aHanu3a ucnons30-
sancs t-kpumeputi Cmoio0enma. B epynne nayuernmos, no-
AYHaswux MoppuH, ommedanocy yeeaudenue IAP Ha 11—
12 cm H,0, yposHa kopmu3oaa u 2moko3ssl 6 Kposu. Imu
appexmbl OblIU CBA3AHBI C MPABMAMUYHOCMbIO ONEPAyUU
U He0oCmAamoyHoU aHalbee3uel, 4mo cmanao NnpuquHol
yeenuienus IAP, nocmenenHo20 cHUMCeHUS OUHAMUHECKO-
20 KomnaalleHca, YyeeaudeHus pe3ucmeHmHocmu J1e2Kux.
Ommeyaemcss npamas Koppensayus Mexncoy YeeaudeHuem
IAP u mexaHuueckumu uameHenusmu 6 nezkux. Mccnedosa-
HUe NOKA3ano, 4mo npumeHeHue KOHMUHYAbHOU UHGY3uu
¢enmanuna npedomspawaem 6ce BblulenepetucieHHbIe
HexceamenbHble IPppekmel.
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Pesiome. V 0ocrnioncerni gugiaemocs 8n1u8 KOHMUHYAb-
HoOI iHQY3ii ¢penmaniny Ha nicnsonepayitinuti 6inb, 6HY-
MPIiWHbOYEPEBHULl MUCK | MEXAHIMHI SMIHU 6 JIe2EHSX, KI
MOCYMb BUHUKHYMU Y HOBOHAPOOJNCEHUX Y PAHHbOMY NiC-
s1g0nepayitinomy nepiodi. 3a memooom 3HeboeHHs 30 HO-
goHapooxcenux (ciuens 2017 — mpasens 2021 2.) 3 ea-
cmpowusucom 6yu po3oineni na 08i epynu (14-mu 6yno
npu3HaieHo Moppiny 2iopoxaopud; 16-mu — KOHMUHYANb-
Ha iHQy3ia penmaniny). Mexaniuni xapakmepucmuku Je-
2eHb, epekmuseHicmb nicaaonepayitinoi ananzesii, peaak-
cauii 4epesHOi cmiHKU 8U84ANUCS WJIAXOM MOHIMOPUH2Y
OUHAMIYHO20 KOMNJIAEHCY, nemeJlb MUCKY i nemesib nomo-
KY-00’emy, kannozpagii. [Ans oyinku skocmi 3He60M08AH-
HA 8uMiploganucs napamempu 2eMOOUHAMIKU, camypayis
KUCHIO 8 Kposi, pigeHb Kopmu3sony, C-peakmugHozo 0iKa,
2J1I0K03U, NPOBOOUNACS OUIHKA NICA0Nepayitinoeo 6010-
6020 CUHOPOMY 3a OONOMOZ0I0 6i3YabHUX AHAN0208UX
wikan. Baympiwneouepesrnuti muck (IAP) konmponiosascs
3a oonomozoto Cron. Jlnga cmamucmuyHO20 AHANI3Y 6U-
Kopucmogyeagcs t-kpumepiti Cmviooenma. Y epyni nayi-
€HMmIB, SKi OmMpUMYBanu Mopit, 8i03Ha4a10Ccs 30iMbUWEH-
Ha IAP na 11-12 cm H,0, pieHa kopmu3sony ma 2/ioKosu
8 kpoei. Lli e¢pekmu Oyau nog’s3ani 3 mpagmamudHicmio
onepayii i He0oCMamMHbOI0 AHANbL2E3IEI0, WO CMANo0 npu-
YUHOM 30inbuieHHs IAP, nocmyno8ozo 3HuMCeHHa OuHaMi4-
HO20 KOMNJIAEHCY, NiOBULWEHHS PE3UCMEHMHOCI JIe2€Hb.
BiosHauaemocs npama kopenayis minc 30inswenHsm IAP
ma MeXaHitHUMU 3MiHamu 68 nezeHsx. JlocnioncenHs no-
Kasajo, Wo 3acmoCYy8aHHs KOHMUHYAIbHOI IHPY3ii ¢peH-
mariny 3anobizae 6cim nepepaxo8aHuM sulje HeOaNCAHUM
epekmam.

KmouoBi cnoBa: ¢enmanin, eacmpowusuc, QyHKuis Je-
2€eHb, HOBOHAPOOXCeHU, nicisonepayitinuli Oinb




