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Extrahepatic portal vein obstruction (EHPVO) is an important cause of symptomatic portal hypertension (PH) in pediatric population. PH may
lead to serious complications including variceal bleeding and hypersplenism. Literature data on infants under 12 months old with EHPVO is poor.
Aim — to analyze our experience in treatment of children with symptomatic PH in children of the first year of life, the peculiarities of the course
of EHPVO in them, and acknowledge readers with diagnostic algorithm of patients with EHPVO that ensures the timely start of treatment and
reduce the risk of life-threatening complications.

Materials and methods. 11 patients who were diagnosed with EHPVO before age of 12 month are included into the study. All patients
underwent in-hospital treatment in National Specialized Children’s hospital «<Okhmatdyt» in a period since 2006 to 2022.

Results. Among 11 patients of the group, 7 (63.6%) were males. Mean age at diagnosis was 6.02+0.67 months. 9 (83.8%) patients had
umbilical catheter in anamnesis. 7 (63.6%) patients manifested bleeding episodes. Ultrasonography and enhanced computed tomography
was performed in all patients. Endoscopically all patients had high grade varices. 8 (72.7%) patients underwent surgical interventions. Median
hospital stay duration in children with bleeding was 36 (95% Cl: 28-56) days, and 17 (95% CI: 14-22) days in children without bleeding
(p<0.003).

The success of primary surgical interventions was assessed with Kaplan—Meyer test. Median overall survival was reached at 920 days after
initial surgery; primary surgical intervention survival 0.417 (95% ClI: 0.205-0.072).

There was zero mortality in the study group.

Conclusions. Newborns and infants with anamnesis of umbilical catheterization should be followed up closely by ultrasound imaging specialist.
Patients with suspected PH are to be immediately referred to endoscopy and computed tomography in specialized center. Timely diagnosis,
current endoscopic band ligation success in variceal bleeding primary prophylaxis would ensure further successful surgery and shorter hospital
stay.

The research was carried out in accordance with the principles of the Helsinki Declaration. The study protocol was approved by the Local Ethics
Committee of the participating institution. The informed consent of the patient was obtained for conducting the studies.

No conflict of interests was declared by the authors.

Keywords: extrahepatic portal vein obstruction, children, variceal bleeding, Doppler ultrasound, computed tomography, portosystemic
shunting.

AoneviHkoBa ¢popmMa nopTasnbHOI rinepTeHsii B AiTel nepLoro pokKy XutTa:
AiarHOCTUYHI Ta nlikyBanbHi nigxoan

O.C. loagik'.2, A,C. QerrapboBa2, O.l. KBiniHcbka?

'HaujoHanbHmin MeaudHnii yHisepeuteT imeHi O.O. Boromonbls, M. Kuis, YkpaiHa

2HaujoHaneHa auTada cneujanizosana nikapHa «<OXMATAWT», m. Knis, YkpaiHa

JonediHkoa hopma nopTanbHoi rinepteHsii (AN € BaxXnmnBoIO NPUHMHOIO CUMITOMHOI NOPTaNbHOI rinepTeHaii (M) y neaiatpudHin nonynai.
M MOXe NPU3BOANTY 00 CEPUO3HIX YCKIaAHEHb, TakmMX 8K KDOBOTEYA 3 BAPWKO3HO PO3LUVMPEHNX BEH CTPABOXOAY Ta rinepcrieHiam. Jlitepa-
TYPHUX JaHNX NP0 NaLieHTiB BikomM A0 12 MicauiB 3 M7 HegocTatHbO.

MeTa — B1BUYUTU 0OCOOAMBOCTI Nepebiry cMMATOMHOI M7 B AiTert nepworo poky xutTa 3 A7 03HaoM1TH YuTadiB i3 AiarHOCTUYHUM anropuT-
MOM KNiHIKK, SKMI 3a0€3NeynTb CBOEHACHMIA NOYATOK NiKyBaHHA Ta 3HU3UTb PU3NK PO3BUTKY HEGe3neuHux ycknaaHeHs M

MarTtepianu Ta meTogu. /10 focniaxeHHs 3anydeHo 11 nauienTis i3 M0, akvm aiarHo3 BCTAHOBNEHO Y Bilj A0 12 mMicauiB i ki nepedyBanv Ha
cTaujoHapHomy nikysaHHi 8 HACT «OXMATANT» y nepiog, 2006—2022 pp.

Peaynbratu. 3 11 naujentiB 7 (63,6%) oci6 Gynn yonosiyoi ctati. CepenHiin BiK Ha MOMEHT BCTAHOBNEHHA AiarHO3y OOPIBHIOBAB
6,02+0,67 micsud. Y 9 (83,8%) naujeHTiB B aHaMHESI BUABNEHO dakT BCTAHOBNEHHA NMynkoBOro karetepa. Y 7 (63,6%) naujeHTiB nepim
npossom [ ByB enizoa kpoBoTeYi. YnsTpadsykoBe AochioxeHHs (Y3/1) i komn'ioTepHy Tomorpadito (KT) 3 BHYTPILUHbOBEHHVIM KOHTPACTY-
BaHHSAM MPOBEAEHO BCiM NauieHTam. EHAOCKONIYHO B YCIX NALEHTIB BUABNEHO BAPMKO3 BUCOKOro CTyneHs. OnepatuBHi BTODYYaHHSA BUKOHAHO
8 (72,7%) xBopum. MepiaHa TpuBanocTi nepebyBaHHsa B CTalLlioHapi B AiTelt i3 kpoBoTeyelo ctaHoBuna 36 (95% [ 28-56) ai6, a B aitei
6e3 kposoTedi — 17 (95% [I: 14-22) ai6 (p<0,003).

YCRIWHICTb NEPBUHHMX XIDYPriYHUX OUIHEHO 3a A0NOMOrolo Tecty KannaHa—Meepa. CepefHio 3araibHy BUXMBAHICTb AOCAMHYTO Yepes
920 fjb nicna noyYaTkoBOI onepaLlii; BUXUBAHICTb MiCAsS NepPBUHHOMO XipypriyHoro BTpyYaHHs ctaHosuna 0,417 (95% AI: 0,205-0,072).

Y rpyni LOCNIOXEHHA CMEPTHICTb LOPIBHIOBANA HYIIHO.

BucHoBKU. HOBOHApOMXEHI Ta HEMOBNSATA 3 aHAMHE30M KateTepusallji nynkoBOi BeHW MaioTb OyTW Mif PETENbHVM HAMAA0M chneujanicTa
3 Y3/1. MaujeHtn 3 nigo3poio Ha MM noBuHHI ByTV cnpsiMoBaHi Ha eHpockonito Ta KT Ao cneujanidosaHoro LeHTpy. CBoevacHa ajarHocTuika,
NOTOYHNIA YCMiX EHAOCKOMNIYHOIO NiryBaHHA BAPUKO3HIX BEH CTPABOXOMY B MEPBUHHIN NPOdiNakTuLL BapUKO3HOI KpOBOTeui 3a6e3neyars yenix
NOA&bLLONO XIPYPriYHOMO BTRYHaHHS.

JocnipgxeHHs BMKOHaHO BIAMOBIAHO A0 NPUHLUMMIB FenbCiHCHKOI Aeknapadi. [poToKon A0CNIAXEHHS yxBaneHo JTIoKanbHUM eTUHHUM KOMITE-
TOM 3a3Ha4eHoi B poboTi ycTaHOBW. Ha npoBeAeHHs A0CAIAXEHb OTPUMAHO IHPOPMOBaHY 3rofy 6aTbkiB AiTel.

ABTOPY 3a8BNAI0Tb MPO BIACYTHICTb KOHMNIKTY IHTEPECIB.

Knio4oBi cnoBa: jonediHkoBa dopma nopTanbHOI rinepTeHsii, AiTW, KpoBoTeyYa 3 BapuKO3HO PO3LIMPEHVX BeH CTpasoxody, Y3/,
i3 0ONNEPIBCbKIM KapTyBaHHSM, KOMM'lOTEPHA TOMOrpadia, MOPTOCUCTEMHE LLYHTYBAHHSI.
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Background

xtrahepatic  portal  vein  obstruction

(EHPVO) is an important cause of
symptomatic portal hypertension (PH) in pediatric
population [5,12]. The etiology of EHPVO is not
fully understood, but risk factors are determined,
such as catheterization in anamnesis, dehydration,
trauma, hypercoagulable state, local inflammatory
conditions [4,7,9,12]. In different cohorts EHPVO
accounts from 9% to 74% of children with PH
[5]. PH may lead to serious complications such as
variceal bleeding, hypersplenism, cholangiopathy,
ascites, and even hepatopulmonary syndrome
[4,8,10,12]. Many authors dedicate their research
to study EHPVO in pediatric patients, but data on
infants under 12 months old is poor, they are parts
of cohorts or presented in case reports [7,8,10].

The aim of the study — to analyze our experience

in treatment of children with symptomatic PH
in children of the first year of life, to study the
peculiarities of the course of EHPVO in them, and
acknowledge readers with diagnostic algorithm of
patients with EHPVO that ensures the timely start
of treatment and reduce the risk of development
of life-threatening complications, first of all,
esophageal variceal bleeding.

Materials and methods of the study

Patients’ data was collected from case-records
retrospectively. Out of 475 children, who had
inpatient hospitalization for symptomatic portal
hypertension from January 2010 to January 2022,
in 11 (2.3%) the diagnosis of EHPVO was set at the
age under 12 months after birth, that were included
into the study group. The median follow-up period
7.25%1.22 years.

For all patients, the following criteria were
analyzed: gender, age of disease debut, underlying
pathology, basic laboratory and ultrasound
symptomsand signs (bleeding episodes, hemoglobin
level, thrombocytes count, spleen volume),
endoscopic examinations and procedures, the type
and the result of surgical treatment.

Examination was as follows: CBC with
thrombocytes count, ultrasonography (US)
in gray scale with spleen volume measurement
(using the standard prolate ellipsoid formula:
lengthxwidthxdepthx0.523),  color  Doppler,
and spectral Doppler tracings, which were
performed as initial screening to each patient and
at later stages of treatment and follow-up using
Samsung RS80A-UA, convex transducer (mean
frequencies 1-7 MHz). Endoscopy was performed
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in all patients (n=11; 100%) to assess the grade
of esophageal varices and gastric mucosa, and
to perform variceal band ligation when possible
(Endoscope GIF-H190, Olympus LTD, Japan).
Contrast-enhanced computed tomography (CT)
was performed to all. Initial neurologist consult
was performed at admission to all patients
of the study group.

Statistical analysis was preformed using IBM
SPSS for Windows version 24.0 (IBM Corp.,
Armonk, NY) and EZR (R-statistics). A P-value
<0.05 was considered statistically significant.
Data distributions were compared (for different
surgical methods) using the paired Student’s t-test
or Wilcoxon criteria. Kaplan—Meier estimator
was used to assess the success of primary surgical
treatment. 95% confidence interval (CI) was used
to determine statistical significance.

The Committee on Clinical Investigation
of Bogomolets National Medical University ap-
proved this study (Protocol Ne 141, 27.01.2021).
All the studies were conducted according to imple-
mented guidelines in consideration of GCP-ICH
and Declaration of Helsinki [14]. The written in-
formed consent of all participants’ parents/guardi-
ans was achieved.

Results of the study

Among 11 patients of the group, 7 (63.6%)
were males. Mean age at diagnosis was
6.02£0.67 months. 9 (83.8%) patients had
umbilical catheter in anamnesis, 8 of them
underwent long-term treatment in the neonatal
intensive care department for following reasons:
complicated labor and delivery with hypoxic
ischemic encephalopathy and its consequences
(n=4; 36.3%), multiple congenital anomalies
(n=1; 9%), congenital heart defect (n=1; 9%),
congenital kidney anomaly (n=1; 9%), pneumonia
and sepsis (n=1; 9%). In (n=1; 9%). EHPVO was
considered as idiopathic. 2 infants had surgeries
in anamnesis: 1 — cardiac congenital anomaly
correction, 1 — colostomy foranal atresia at the rural
hospital. 7 (63.6%) patients manifested bleeding
episodes as the first sign of PH, 4 of them were
admitted to our center with signs of acute bleeding.
Others (n=4, 36.3%) were directed to examination
for accidentally splenomegaly. Despite all patients
had anemia and thrombocytopenia before initial
admission, in most cases being followed by medical
specialists laboratory changes were attributed to
the main diagnosis and a long period of recovery
and rehabilitation. At admission in all patients
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Fig. 1. Ultrasound appearance of patient T., 10 months old.
Grayscale ultrasound, convex introducer. A: Hyperechogenous
liver hilum — fibrosis (red arrow), the diameter of main brunch
of the portal vein is 36 mm, volumetric portal blood flow is
decreased to 91 ml per minute. B: Numerous collaterals of portal
vein (white arrows)

detected anemia with mean hemoglobin level
of 67.4+8.1 g/l regardless of current or previous
acute bleeding in anamnesis, thrombocytopenia
with mean thrombocytes count of 84.3+13.9x109/1.
In 3 (27.2%) patients leucocytes count was less
than 1.5x109/1. US was performed in all patients
(Figure 1). Typical sighs of PH were detected:
thin and crimped main portal vein branch, either
impossibility to detect in in cavernoma developed
in and splenomegaly. Median spleen volume was
measured 108 cm3 (95% CI: 66—300).

Endoscopy was performed in all patients
(n=11; 100%). According to endoscopy data,
all patients had grade II — grade III varices
(Figure 2). In 7 (63.6%) of patients the procedure
of endoscopic band ligation was performed, both
for acute bleeding and as prophylaxis. 4 (36.3%)
patients of the group went on their course
of Endoscopic band ligation and were not operated
yet by the time the study was completed.

Enhanced CT was performed in all
(n=11; 100%) patients, to confirm the diagno-
sis of EHPVO. In 5 (45.4%) patients cavernoma
of portal vein was found, in 6 (54/5%) — ascites,
in all — the absence of intrahepatic portal vein
branches and splenomegaly (Figure 3).

8 (72.7%) patients underwent surgical inter-
ventions, 3 (27.2%) after urgent endoscopic band
ligation procedure. Median age at initial surgery
was 6 (95% CI: 3-72) months. 5 (45.4%) of sur-
gical procedures were urgent. Esophagogastric
devascularization procedure (n=3; 37.5%), sple-
norenal shunting (n=3; 37.5%), distal splenore-
nal shunting (n=1; 12.5%), mesoportal shunting
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Fig. 2. Endoscopic appearance of patient M., 4 months old.
Esophageal varices grade lll, varicose veins protrude into
the lumen covering more than 1/3 of it, do not collapse after
air insufflation, with red wales and hematocystic spots

(n=1; 12.5%) were among initial surgical pro-
cedures. Initial median hospital stay duration
in children with or after acute bleeding was
36 (95% CI: 28-56) days, and 17 (95% CI: 14-22)
daysin children without acute bleeding (p<0.003).

In 4 (36.3%) patients initial surgery was not
successful: mesoportal shunt child developed
thrombosis on the first postoperative day, and the
splenorenal shunting was performed in this pa-
tient, in which thrombophilia was confirmed in
late follow-up period. Initial splenorenal shunt in
5 month old patient clotted 1 month after initial
surgery, splenectomy and esophagogastric devas-
cularization procedure were performed. Sugiura
procedure was performed in a patient with distal
splenorenal shunting in 1 year after initial surgery.
Patient with initial esophagogastric devasculariza-
tion procedure underwent splenorenal shunting in
3 years after initial surgery. The last two developed
recurrent variceal bleeding.

Kaplan—Meyer survival analysis was performed
to estimate the success of primary surgical inter-
ventions. Median overall survival was reached by
the patients of the study group at 920 days after
initial surgery (Figure 4).

There was zero mortality in the study group.
All patients, who underwent surgical treatment,
resolved the symptoms PH by the end of the
follow-up period.

Discussion

PH is a clinical syndrome characterized by an
increase of the pressure gradient between the por-
tal vein and the inferior vena cava above 5 mmHg
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Fig. 3. Enhanced CT of patient S., 5 months old. Venous phase,

enhanced CT, maximum intensity imaging regimen. Liver hiatum
cavernoma is found (blue star) with portal vein thrombosis,
splenomegaly (white arrow) and ascites (white star)

and develops when there is a resistance in the por-
tal-venous system exacerbated by an increased
splanchnic and portal-collateral blood flow.
In children EHPVO dominates as the main rea-
son of PH [4,5,12], causing life-threatening bleed-
ings from esophageal varices, and other complica-
tions, such as splenomegaly, hypersplenism, ascites
[7-9,12,13]. Upper gastrointestinal bleeding
in children with EHPVO is assed up to 70% in some
reports [2]. In our study group variceal bleeding as
the first symptom of EHPVO developed in 63.7%
(n=7) patients.

Since a significant proportion of patients with
PH remain asymptomatic and therefore are not
likely to undergo invasive diagnosing techniques,
noninvasive diagnosing methods are thus paid
special attention to. US is one of them, as a cheap,
time saving, and widely applied method, simple
and widespread [5,11,15]. Despite known limita-
tions of ultrasound elastography in PH diagnosing,
this method such, is fast, and changes such as sple-
nomegaly, normal liver echotexture with peripor-
tal fibrosis, and portal blood flow violation are to
be easily identified by ultrasound imaging specia-
list [15]. US potential role in predicting gastro-eso-
phageal varices is weak, but after initial changes are
identified, such patient is to be referred to specia-
lized center to undergo endoscopy. None of the pa-
tients of the study group, who developed variceal
bleeding (n=7; 63.4%) was referred to US before
bleeding episode, despite close observation for un-
derlying pathologies by other medical specialists.
In 4 (36.3%) patients splenomegaly was revealed
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Fig. 4. Survival (Kaplan-Meier curve) for primary surgery
(uniform line). Primary surgical intervention survival 0.417
(95% CI: 0.205-0.072)

by ultrasound, which became a reason for further
examination.

Endoscopy is a key visualization method to ac-
cess esophageal varices, and with band ligation
development it became an effective treatment
method as long as the method of prophylaxis pf va-
riceal bleeding in pediatric patients with EHPVO.
According to M. Duche et al. [3], high-risk varices
were found in 96% of children who bled sponta-
neously and in 11% of children who did not bleed
without primary prophylaxis. Authors consider
variceal band ligation to be effective as a primary
bleeding prophylaxis, as it is already mentioned
in our earlier publications [3,6,13]. Band ligation
is widely used in our center since 2017, therefore
all patients who underwent treatment before 2017,
which were included into the study group, were
prescribed to urgent surgery when admitted with
acute bleeding. 7 (63.6%) patients of our study un-
derwent band ligation successfully.

Enhanced CT is to be performed as the last
step of examination, considering the risks of ir-
radiation under all the rules of radiologic safety.
CT provides accurate data on liver texture, ca-
vernous transformation of portal vein, its, throm-
bosis, splenomegaly, splenic hilar collaterals, gas-
tric, esophageal, and rectal collaterals, ascites [1].
In our study all patients underwent enhanced
CT for strict indications.

Surgical procedures in children vary: it depends
on the favorable anatomy in mesoportal shunting,
and the appropriateness of the vessels for shunting
as is [1,5,7,12]. Esophagogastric devascularization
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procedures are performed when shunting surge-
ries are not feasible. Considering the age of the pa-
tients of the study group, esophagogastric devas-
cularization procedures were the option of the first
choice in 3 (27.2%) cases, and the secondary choice
in 1 (9%) case.

The occurrence of rebleeding after surgical treat-
ment in different cohorts is reported from 3% up to
53% |4]. In our study group actual recurrence of
bleeding took place in 5 (45.4%) patients, which cor-
relate with literature data. Authors consider the ur-
gent surgery for acute bleeding in weakened by the
underlying pathology and the sequences of bleeding
organisms pay role in the future unsuccessful result of
primary operation, as it was shown by Kaplan—Mey-
er test with primary surgery survival of 0.417 (95%
CI: 0.205-0.072). Children who underwent planned
surgeries, after the course of band ligation, with full
varices eradication, had no major complications, and
their postoperative period was uneventful.

Absence of regular physical examination in
asymptomatic children, and low awareness of PH in
pediatricians and other specialists, who closely exa-
mined children for concurrent pathology were key
causes of late EHPVO diagnosis with symptoma-
tic PH identification, and variceal bleeding deve-
lopment, which deteriorated the patients’ condition
dramatically, resulting also into a long hospital stay.
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EHPVO and symptomatic portal hypertension
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doscopic band ligation success in variceal bleeding
primary prophylaxis would ensure further success-
ful surgery and shorter hospital stay.
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