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An early consideration in pediatric patients with extrahepatic portal vein obstruction (EHPVO) is to be given for
mesoportal shunt. A careful investigation is required to prove intrahepatic portal system patency. Conventional
noninvasive imaging is not adequately reliable in assessing patency of the intrahepatic portal venous system. Ret-
rograde portography in children brings additional invasive procedure. Antegrade, direct intraoperative digital
subtraction angiography for mesoportal shunt feasibility assessment is poorly presented in literature.

Aim - to improve the rate of success of mesoportal shunting in children with EHPVO by analyzing our own
experience in intraoperative digital subtraction angiography of the intrahepatic branches of the portal vein for the
final assessment of the mesoportal shunting feasibility.

Materials and methods. 7 pediatric patients with EHPVO were selected for the study. Angiographies and sur-
geries in selected patients were performed within single center in a period from May 2022 to July 2023. Mean follow
up of successful mesoportal shunting was 12.38+1.46 months.

Results. All patients were males. Men age at surgery was 8.71+1.72 years. 5 (71.4%) patients manifested bleeding
episodes as the first sign of portal hypertension. In all patients ultrasound revealed splenomegaly and suspected
portal hypertension for reduced volumetric portal flow. All 7 patients had high grade. Liver function was normal in
all patients, and in none thrombophilia was confirmed. CT scans suspected patent left intrahepatic branch (Rex-
zone). Digital subtraction angiography approved mesoportal shunt feasibility in 4 (57.1%) patients. The follow up
period was 13.5+2.9 months.

Conclusions. Digital subtraction angiography of intrahepatic portal vein is effective visualization method to
achieve with radiologic evidence of intrahepatic portal branches patency and make the decision on mesoportal
shunting when favorable anatomy proved.

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, portal hypertension, mesoportal shunting, digital subtraction
angiography, intrahepatic portal vein, children.

LiudpoBsa cybTpaKuiiiHa aHriorpadis BHYTpilUHbONEYiHKOBOI NOPTa/IbHOI BEHU AK K/OYOBUIA MeToa Bi3ya-
Ni3auii AnA me3onopTanbHOrO WYHTYBAHHA B AiTell i3 AoneyiHKoBOO pOpMOI0 NOPTANbHOI rinepTeHsii
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MaujieHTam AUTAYOrO BiKy 3 4ONEYiHKOBOK pOPMOLO NOPTANLHOI rinepTeH3Ii CAlifg BXKE Ha PaHHIX CTafifAX PO3rNALATU MOMKANBICTb BUKOHAHHA
Me30M0pTaNbHOrO WYHTYBaHHA. HeobxigHe peTenbHe obCTeKeHHR, Wob NiaTBepANTM NPOXiAHICTb BHYTPILHbONEYiHKOBOT NOPTaAbHOI
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cucTemu. 3BMYaitHa HeiHBa3WBHA Bisyasi3allis He € HaAiHO AN OLHIOBAHHA NPOXiAHOCTI BHYTPILLHbOMNEYIHKOBOT CUCTEMM NOPTAIbHOI
BeHu. PeTporpaaHa noptorpadis B Aiteit nepeabayae 4oAaTKOBY iHBa3MBHY Npoueaypy. AHTerpagHa, npama iHTpaonepauiiHa uudposa
cyb6TpaKuiiHa aHriorpadis AnA OLiHIOBaHHA MOMK/IMBOCTI MEe30MOPTaNbHOMO LUYHTa HEAOCTAaTHLO BUCBIT/IEHA B NiTepaTypi.

MeTa — noAinwWuTK ycnilHiCTb BUKOHAHHA Me30M0opPTaNbHOTO WYHTYBAHHSA B A4iTel i3 NOPTa/IbHOLO riNepTEeH3IE0 LWAAXOM aHaNi3y BAacHOro
[lOCBifly BUKOPUCTAHHA iHTpaonepaLliinHoi uudpoBoi cybTpaKLiiHoi aHriorpadii BHYTPilLHbONEYiHKOBMX Ti/1I0K NOPTaNbHOI BEHU ANA
OCTaTOYHOTO OLiHIOBAHHA MOK/INBOCTi BUKOHAHHA Me30MOPTaIbHOTO LWYHTYBaHHS.

Martepianu Ta metoam. [1o LOCNiAXKEHHA 3a1y4eHO 7 AiTel, AKUM BUKOHAHO NopTanbHy aHriorpadito B nepiog i3 TpasHa 2022 p. No MnNeHb
2023 p., be3nocepesHbO Nepes BUKOHAHHAM ONepaTUBHOTO BTPyYaHHA Ha 6a3i HAC/ «OXMATAUT». Nepiog cnocTepekeHHA 3a NaLieHTamm
cTtaHosmB 12,3811,46 micaua.

Pe3ynbTaTi. Yci naujieHTv 6yaun yonosiyoi ctaTi. CepeaHiii Bik Ha MOMEHT onepalii ctaHoBuB 8,71+1,72 poky. Y 5 (71,4%) naujieHTis nepwmnm
NpPoABOM NOPTasbHOI rinepTeHsii bys enizon KposoTeyi. Y BCix NaLEHTIB 32 pe3y/bTaTaMm YNbTPa3BYKOBOro A0CNIAXKEHHA BUAB/IEHO
cnneHOMEranito Ta Nigo3py Ha NopTasbHy rinepTeHsito y BUMALI 3HUKEHHSA 06’eMHOr0 NOPTaNbHOTO KPOBOTOKY. Y BCiX 7 XBOPYX Bifj3HauYeHO
BapMKO3He PO3LUMPEHHA BEH BUCOKOTO CTyneHsA. OyHKLIA NediHKkM 6yna HOPMasbHO Y BCiX MALEHTIB, Y *KOAHOMO He NiATBEPAKEHO
Tpombodinii. 3a AaHMMK Komn'toTepHOi Tomorpadii BUABAEHO Nig03py Ha NPOXiAHY NiBy BHYTPILUHbONEYIHKOBY ri/fIKy NOPTaAbHOI BEHU
(Pekc-30Ha). 3a pesynbTaTamu LudpoBoi cybTpaKLiiiHOI aHriorpadii MesonopTtanbHe WyHTyBaHHA BUKOHAHO 4 (57,1%) xBopum. TepmiH
CNOCTEPEXKEHHA 33 YCNILWHUMM ME30NOPTaNbHUMM LYHTaMM cTaHoBMB 13,5129 micaus.

BucHoBkM. LindpoBsa cybTpaKLuiiiHa aHriorpadia BHYTPiLIHbOMNEYIHKOBMX Fi/I0K NOPTabHOI BEHW € ePEKTUBHUM Bi3yani3aLiiHUM METOLOM
[ANA OTPMMAHHA PaLioN0oriyHOro NiaTBEPAKEHHA NPOXiAHOCTI BHYTPILLHbOMNEYiHKOBOT NOPTANIbHOI CUCTEMM Ta MPUAHATTA PiLUEHHA NPO
BMKOHaHHA ME30MOPTaNbHOIO LUYHTYBAHHA B pasi, KoM A0BEAEHO CNPUATAMBY aHATOMIlO.

JocnigXeHHA BUKOHAHO BignoBiAHO A0 NpMHUMNIB MenbCiHCbKOI geknapalii. MPOTOKON fOCNIAXKEHHA YXBaNEHO JTIOKANbHUM eTUYHUM

KOMITETOM 3a3HaueHoi B poboTi ycTaHOBM. Ha npoBefieHHA A0CAiAXeHb OTPUMaHO iHGopMOoBaHy 3rogy 6aTbkis aiTei.

ABTOpM 3aABAAOTb NPO BiACYTHICTb KOHDAIKTY iHTEpECiB.

Knrouoei cnoea: ponedyiHkoBa popma NopTasbHOI rinepTeHsii, me3onopTasbHe WYHTYBaHHSA, UndpoBa cybTpaKuiiHa aHriorpagis,

BHYTPILHbONEYIHKOBA NOPTaNbHA BEHA, AiTK.

Introduction

Pediatric symptomatic portal hypertension mostly re-
sults from extrahepatic portal vein obstruction (EHPVO).
Portal hypertension leads to numerous complications, the
most life-threatening of which is the bleeding from eso-
phageal varices [5,11,13]. Surgical treatment is the key to
resolve all the pathologic symptoms of portal hyperten-
sion. Mesoportal shunt is a golden standard of surgical
treatment, as it is the only shunt that restores the physio-
logical liver blood flow [13,14,21]. A careful investigation
is required to prove intrahepatic portal system patency, as
it is the predisposing condition for successful mesoportal
shunt [4,5,15]. Conventional noninvasive imaging is not
very reliable in assessing patency of the intrahepatic por-
tal venous system. Direct portography and its role in di-
agnosis of liver diseases was first described by K.F. Aron-
sen et al. in 1967 [1]. One of the first publications on
digital subtraction angiography of the portal venous sys-
tem was made by W.D. Foley et al. in 1983 [12]. All men-
tioned studies involved adult patients. No publications
were found by the authors of current study dedicated to
digital subtraction angiography of the portal venous sys-
tem as assessment of mesoportal shunting feasibility.

The aim of the study - to improve the rate of success
of mesoportal shunting in children with EHPVO by
analyzing our own experience in intraoperative digital
subtraction angiography of the intrahepatic branches of
the portal vein for the final assessment of the possibility
of mesoportal shunting feasibility.

Materials and methods of the study

Patients’ data was collected from case-records retro-
spectively. Out of 25 children, who underwent surgical
treatment for symptomatic portal hypertension in our
center in mentioned period, 7 (28%) were selected for
the study as they were initially assessed for mesoportal
shunt. All portal angiographies and surgeries were per-
formed in a period from May 2022 to July 2023. The fol-
low up period of successful mesoportal shunts was
13,54+2.9 months.

For all patients, the following criteria were analyzed:
gender, age at surgical procedure, clinical presentation,
endoscopic visualization results, result of treatment.

Examination was as follows. Laboratory tests accord-
ing to standard clinic’s protocol. US was performed using
Samsung RS80A-UA, convex transducer (mean frequen-
cies 1-7 MHz) to all patients in gray scale, color Doppler,
and spectral Doppler tracings, both at initial screening
and at later stages of treatment and follow-up. To assess
the grade of esophageal varices and gastric mucosa en-
doscopy was performed to all patients, with primary
variceal bleeding prophylaxis (variceal band ligation).
Contrast-enhanced computed tomography (CT) was
performed to all patients before surgery with Siemens
somatom definition AS. Intraoperation digital subtrac-
tion portal angiography was performed with Digital X-
ray surgical device like C-arc SYMBOL FP L SURGICAL.

Surgical procedure was performed according to the
technique for mesoportal shunt described by authors
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Patient G.

Patient E.

_al - -
Fig. 1. Digital subtraction angiography of intrahepatic portal vein in the study group patients. Digital subtraction image on
posteroanterior (PA) projection through catheterization of the round ligament (recanalized umbilical vein) shows where men-
tioned: the Rex recess (R), left portal vein (lpv) and right portal vein (rpv). Patient A.: Rex recess (R) and the communication
between the left (Ipv) and right (rpv) portal veins; Patient B.: Rex recess (R) and the right (rpv) portal vein. No segmental
brunches in left (Ipv) portal vein; Patient C.: Rex recess (R) and weak right (rpv) portal vein with poor segmental branches;
Patient D.: Rex recess (R) and the communication between the left (Ipv) and right (rpv) portal veins; Patient E.: Rex recess (R)
without patent branches. Patient F.: Rex recess (R) and the communication between the left (Ipv) and right (rpv) portal veins;

Patient G.: Rex recess (R) and right (rpv) portal vein with patent branches

[8]: laparotomy, round ligament is dissected to the Rex-
recessus, its lumen is opened to reach the revision. If left
portal vein branch and its outflow were considered pa-
tent and satisfactory, intraoperation digital subtraction
angiography of intrahepatic portal vein is performed to
visualize its branches. Polychlorvinyl catheter 4-6 Fr is
inserted to the lumen of round ligament and fixed by a
temporary ligature. Intrahepatic portal branches are
flushed slowly by 5 ml of heparine, in solution counted
51U per 1 kilogram of patient’s weight. After 5-10 ml of
contrast substance «Tomohexol» soluted 1:1 to sterile
saline is administered. The visualization result is being
assessed immediately by the operating surgeon.

The Committee on Clinical Investigation of Bogomo-
lets National Medical University approved this study
(Protocol No.141 27.01.2021). All the studies were con-
ducted according to implemented guidelines in consid-
eration of GCP-ICH and Declaration of Helsinki and

declaration of Istanbul. The written informed consent of
all participants’ parents/guardians was achieved.

Results of the study

Patients” characteristics are summarized in Table 1. All
7 (100%) of patients were males. Mean age at surgery was
8.71+1.72 years. None had umbilical catheter in anam-
nesis, therefore EHPVO was considered as idiopathic.
5 (71.4%) patients manifested bleeding episodes as the
first sign of portal hypertension, 3 of them were admitted
with signs of acute bleeding. Others (n=2, 28.6%) were
directed to examination for accidentally detected spleno-
megaly either anemia. One of the latter ones underwent
bone marrow puncture to reveal the nature of cytopenia.
In all patients US revealed splenomegaly and suspected
portal hypertension for reduced volumetric portal flow,
fibrotic changes of periportal liver parenchyma, or col-
laterals with cavernoma formation. All 7 patients had

Table 1
Characteristics of the study group patients
patient Age at surgery, Clinical presentation Prirnary variceal bleedin.g prophy-
years laxis, Procedures, quantity
Patient A. 10 Variceal bleeding, splenomegaly, hypersplenism Band ligation, 4
Patient B. 11 Variceal bleeding, splenomegaly Band ligation, 3
Patient C. 11 Variceal bleeding, splenomegaly, hypersplenism Band ligation, 1
Patient D. 5 Splenomegaly, esophageal varices Band ligation, 2
Patient E. 16 Splenomegaly, hypersplenism, esophageal varices |Band ligation, 2
Patient F. 5 Variceal bleeding, splenomegaly Band ligation, 1
Patient G. 3 Variceal bleeding, splenomegaly Band ligation, 1
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Fig. 2. Doppler Ultrasound of Mesoportal shunts. Doppler
US, Samsung RS80A-UA, convex transducer (mean frequen-
cies 1-7 MHz). A: Patient A., 1 month after mesoportal shunt-
ing. Volumetric blood flow in newly formed portal vein
(internal jugular vein graft) is assed satisfactory, up to
593 vk/minute; B: Patient G., 12 months after mesoportal
shunting. Mesoportal shunt is visualized all length through-
out well, without filling defects or narrowings, the direction
of the flow id hepatopetal

Table 2
Shunting procedures considered in patients of the study
group patients

. Follow-up,
Patient Surgery performed months P
Patient A. Mesoportal shunt 6
Patient B. Splenorenal shunt 12
Patient C. Splenorenal shunt 17
Patient D. Mesoportal shunt 13
Patient E. Splenorenal shunt 14
Patient F. Mesoportal shunt 15
Patient G. Mesoportal shunt 20

grade II - grade I1I varices according to endoscopic data,
endoscopic band ligation was applied to all, procedures
performed varied from 1 to 4. In 5 cases surgery was ur-
gent. By the time of surgery cytopenia manifested in
4 (57.1%) patients with mean thrombocytes count of
65.617.8 and leucopenia with leucocytes count less than
1.5x10°/1. All patient presented anemia, with mean he-

moglobin level of 78.1+2.9 g/1. Liver function was normal
in all patients, and in none thrombophilia was confirmed.

In 3 (42.8%) patients with acute variceal bleeding
short-term conservative treatment by means of octreotide
2 mg/kg/hour in continuous intravenous infusion and
RBC (red blood cell) transfusion at the rate of 5 ml/kg.

CT scans suspected patent left intrahepatic branch
(Rex-zone), therefore all were assessed for mesoportal
shunting. Visualization results of digital subtraction an-
giography of intrahepatic portal vein are represented on
Figure 1.

According to results of digital subtraction angiogra-
phy of intrahepatic portal vein mesoportal shunt was
performed in 4 (57.1%) patients, overall results are pre-
sented in Table 2.

All shunts were followed-up by US regularly accord-
ing to Institutional follow-up protocol (Figure 2).

The follow up period of successful mesoportal shunts
was 13.5+2.9 months. By the end of the study cytopenia
resolved, spleen size normalized in all patients. In those,
who reached 1 year after surgery endoscopy showed in-
volution if esophageal varices.

Discussion

In children, portal hypertension is defined as a patho-
logical increase of the pressure in the portal system, with
a pressure gradient between the portal vein and inferior
vena cava greater than 5 mmHg [11,14]. Pediatric
EHPVO is idiopathic in most of the cases, the risk fac-
tors for EHPVO development are neonatal umbilical
vein catheterization, transfusions, bacterial infections,
dehydration, and thrombophilia [14,16,21]. In all pa-
tients (n=7) of our study none of mentioned factors were
detected or proved, therefore EHPVO was considered as
idiopathic. The main clinical manifestations of EHPVO
are upper gastrointestinal bleeding and splenomegaly
[5,11,13,14,21]. In our group, 5 (71.4%) patients mani-
fested bleeding as the first sign of EHPVO; all seven had
splenomegaly, with clinically significant hypersplenism.

Only surgical treatment can resolve all the threaten-
ing symptoms of portal hypertension [7,13,16]. For pa-
tients with EHPVO, early consideration should be given
to surgical treatment with a meso-Rex bypass
[3,5,9,15,19,21], which is called an «ideal shunt», which
returns the portal blood flow into the liver, and resolves
all the consequences of portal hypertension, such as
varices, hypersplenism, cytopenia, growth failure and
encephalopathy [8,13,16,18,21]. In addition, it is used in
post living donor liver transplant patients with portal
complications [6,8]. At the same time, the feasibility of
mesoporatl shunt depends on favorable vascular anato-
my and residual patency [4,5,10,13,15].
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A careful investigation is required to prove Rex-zone
patency. The goals of preoperative mesoportal shunt
imaging are to determine the extent of thrombosis to the
splanchnic venous system and intrahepatic portal
branches. Patency of the splenic and mesenteric veins
must be assessed, as well as that of the recessus of Rex
and the intrahepatic portal branches [5,6,9]. Doppler
ultrasound (US) can demonstrate heterogeneity of the
liver in chronic liver disease, and Doppler examination
is useful to assess portal vein patency and direction of
flow [8,19,22]. This is usually diagnostic of EHPVO, but
occasionally large collaterals can be misinterpreted as a
patent portal vein. In cavernous transformation of the
portal vein, the Doppler waveform typically displays a
characteristic flat waveform of hepatopetal flow, with
reduction in normal portal flow velocity [22]. Other US
findings that are predictive of the development of varices
include omental thickening, gall bladder wall thickening
and spontaneous splenorenal shunts [20]. US is not
enough to assess left portal vein patency, as in only 63%
of patients Rex patency can be suggested but not proved
using this method of visualization [5,8,13].

In the last decade, CT has significantly improved the
visualization capabilities of the Rex zone, however, the
authors noted that the imaging results CT or magnetic
resonance imaging (MRI) in patients with a large caver-
noma of the portal vein are sometimes not reliable be-
cause it challenging to visualize the hypodynamic circu-
lation in intrahepatic branches of the portal vein and
Rex zone [4,23]. In some patients from the study of
R. Superina et al. [20], according to the results of preop-
erational CT scans, the Rex zone was not recognized as
passable or was not determined. Other researchers be-
lieve intraoperative direct visualization is the best by the
method of determining the suitability of the left branch
of the portal vein to the mesoportal shunt [20,23].
A. Bertocchini et al. [2] showed that the Rex recessus is
observed on CT only when both the vein is large enough
in caliber and in the absence of perivenous vascular
changes. In our study CT was performed in all children
that led to initial assumption their intrahepatic portal
system might be patent.

According to the study of L.]. Chaves et al. [5], both
MRI and CT were described as effective modalities in
the evaluation of children with EHPVO, as both imaging
modalities can provide multiplanar and volume-ren-
dered reformatted images yielding an anatomical road
map of the splanchnic and portal venous anatomy, and
they can be utilized to create 3-D reconstructions. Other
authors [3,17] concluded, that MRI has shown to be un-
suitable for the assessment of the intrahepatic portal vein
in pediatric patients.

Noninvasive imaging, such as US, CT, MRI, does not
guarantee the precise assessment of of the intrahepatic
portal venous system patency and/or the Rex segment of
the left portal vein, which is caused by the hypodynamic
circulation in patients with cavernoma. Retrograde por-
tography is considered as being the gold standard imag-
ing technique in these cases. Retrograde filling of the
intrahepatic portal veins is achieved via a catheter
wedged in the relevant hepatic veins [2-4,17]. But in
children it becomes an additional invasive procedure
with all its potentials risks, which requires additional
general anesthesia [3]. In addition, interventional radio-
logists are required to perform this diagnostic procedure
[6].

No publications were found by the authors of current
study dedicated to digital subtraction angiography of the
portal venous system as assessment of mesoportal
shunting feasibility. in children which would require
general anesthesia.

Postoperative imaging may be achieved with Doppler
US to show the patency of the shunt. The flow in the left
portal vein is reversed and moves toward the right portal
vein. Within a few days after surgery it can be clearly
detected the flow is increased, the intrahepatic portal
vein branches are expanding progressively, and the size
and conspicuity of the cavernous collaterals decrease
[3,13,22]. The US follow-up was performed in all pa-
tients of our study with successful mesoportal shunts
according to Institutional follow-up protocol.

Radiologists and pediatric surgeons should be fami-
liar with this entity, understand the portal anatomy, sur-
gical procedure, and recognize the pre- and postopera-
tive imaging features [2,3].

Conclusions

Digital subtraction angiography of intrahepatic portal
vein is effective visualization method to achieve with
radiologic evidence of intrahepatic portal branches pa-
tency and make the decision on mesoportal shunting
when favorable anatomy proved. Authors consider this
method safe, fast and informative; made within a surgi-
cal procedure in children who were already assessed for
a surgery with assumption of possible Rex-zone patency.
In all children of the study group whose intrahepatic
portal system was proved patent by digital subtraction
angiography the mesoportal shunt was successful.

Funding. The present study was supported by the
Ministry of Health of Ukraine (project no. 01220001363
«Experimental justification of portal hypertension surgi-
cal treatment method in children according to molecu-
lar, morphological, and functional changes in liver»).

No conflict of interests was declared by the authors.
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