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Pre-emptive transjugular intrahepatic portosystemic shunt in pediatric
cystic fibrosis-related liver disease and portal hypertension: prospective

long-term results
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PURPOSE

Portal hypertension (PHT) and its sequelae are the most clinically important manifestations in cys-
tic fibrosis-related liver disease (CFLD). This paper aimed to evaluate the safety and efficacy of a
pre-emptive transjugular intrahepatic portosystemic shunt (TIPS) to prevent PHT-related complica-
tions in pediatric patients with CFLD.

Luc Defreyne!

METHODS

This was a prospective single-arm study on pediatric patients with CFLD, signs of PHT, and pre-
served liver function who underwent a pre-emptive TIPS in a single tertiary CF center between 2007
and 2012. The long-term safety and clinical efficacy were assessed.

1Ghent University Hospital, Department of Vascular
and Interventional Radiology, Gent, Belgium

2Ghent University Hospital, Department of Pediatrics,
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RESULTS

A pre-emptive TIPS was performed on seven patients with a mean age of 9.2 years (+ standard
deviation: 2.2). The procedure was technically successful in all patients, with an estimated median
primary patency of 10.7 years [interquartile range (IQR) 0.5-10.7)]. No variceal bleeding was ob-
served during the median follow-up of 9 years (IQR 8.1-12.9). In two patients with advanced PHT
and rapidly progressive liver disease, severe thrombocytopenia could not be stopped. Subsequent
liver transplantation revealed biliary cirrhosis in both patients. In the remaining patients with early
PHT and milder porto-sinusoidal vascular disease, symptomatic hypersplenism did not occur, and
liver function remained stable until the end of the follow-up. Inclusion for pre-emptive TIPS was
discontinued in 2013 following an episode of severe hepatic encephalopathy.

3Ghent University Hospital, Department of Pathology,
Gent, Belgium

CONCLUSION

TIPS is a feasible treatment with encouraging long-term primary patency to avoid variceal bleeding
in selected patients with CF and PHT. However, as the progression of liver fibrosis, thrombocytope-
nia, and splenomegaly is inevitable, the clinical benefits due to pre-emptive placement appear to
be minor.
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pacts of a severe bleeding episode cannot be
underestimated.>”

The pathophysiological mechanism of
CFLD and PHT remains poorly understood.
Besides the main manifestation of focal bili-
ary fibrosis leading to multilobular cirrhosis,
an alternative vascular mechanism with ob-
literative portal venopathy (OPV) has been
attributed to non-cirrhotic PHT (NCPH).5"?
Therefore, since PHT can develop inde-
pendently of cirrhosis, it should be evaluat-
ed carefully.”? In NCPH, the hepatic venous
pressure gradient does not represent the
actual degree of PTH, and other non-invasive
markers are required.2'>'* An ultrasound (US)
is a key examination for the predication and
evaluation of PHT.'>'®

Currently, treatment in CFLD focuses on
screening and managing the complications
of PHT and optimizing the nutritional sta-
tus of the patient.” In the absence of large
prospective studies, there remains much
ambiguity on the actual benefits, timing, and
indications of different therapeutic interven-
tions for PHT.2 Endoscopic treatment is rec-
ommended for acute variceal bleeding but
not for primary prevention in children.>192"22
Nevertheless, primary prophylaxis by endos-
copy is often pursued in children with a high
risk of bleeding.>?® However, the risks of re-
peated general anesthesia for the complete
endoscopic eradication of varices should be
considered in CF. In addition, it does not treat
underlying PHT and other complications.
Non-selective 3-blockers are not endorsed
because of poor tolerance and bronchocon-
striction in CFLD.>'° Liver transplantation (LT)
is an effective therapeutic option in CFLD
with end-stage liver failure and treatment-re-
sistant and complicated PHT.>?° However, be-
cause of the involvement of multiple organs

* A transjugular intrahepatic portosystemic
shunt (TIPS) in pediatric cystic fibrosis-re-
lated liver disease (CFLD) is technically fea-
sible, but there is an inherent risk of hepatic
encephalopathy, especially alongside a high
protein intake.

* In the long term, pre-emptive TIPS protects
pediatric patients with CFLD from complica-
tions related to non-cirrhotic portal hyper-
tension.

* Long-term TIPS patency in pediatric CFLD is
encouraging and comparable with that in
adult non-CF.

* Obliterative portal venopathy was the most
prominent histological feature on biopsy
and supports, at least partially, vascular dis-
ease in CFLD.

in CF, the decisions for transplant listing,
graft selection, and timing are challenging.

A transjugular intrahepatic portosystemic
shunt (TIPS) is a well-established procedure
for portal vein decompression in adults.* In
children with severe CFLD cirrhosis, TIPS has
been proven as a feasible option in acute or
refractory variceal bleeding or as a bridge
to LT.5%>% However, as liver function may
never deteriorate in CFLD with NCPH, por-
tosystemic shunting to alleviate PHT might
be preferable over LT.2 Currently, little data
are available on the long-term outcome of
interventional TIPS or surgical (distal spleno-
renal or portocaval) shunts to mitigate PHT."
The purpose of this prospective study was to
evaluate early portal decompression with a
TIPS as a safe and effective strategy to pre-
vent PHT-related complications in the long
term.

Methods

Study design and participants

This was a prospective single-arm study
on pediatric patients with CFLD who un-
derwent pre-emptive TIPS placement in a
single CF center between January 2007 and
December 2012. According to the trial pro-
tocol (Supplementary Figure 1) and follow-
ing a multidisciplinary discussion, patients
with CFLD with preserved liver function but
early signs of PHT (thrombocytopenia, sple-
nomegaly, US liver score, flow reduction/
reversal in portal vein or portosystemic col-
laterals on US) were eligible for a pre-emp-
tive TIPS." In these selected patients, it was
assumed that fibrosis would progress, and
the development of complications related
to PHT would be highly probable. Inclusion
was discontinued in 2013 due to some re-
luctance against pre-emptive TIPS after an
episode of severe hepatic encephalopathy
(HE) in one of the enrolled patients. Patient
data were longitudinally evaluated from
the time of the TIPS procedure to death, LT,
or loss of follow-up. All data were censored
on Dec 31, 2020. Written informed consent
was obtained from each patient or repre-
sentative. The trial protocol was reviewed
and approved by Ghent University Hospital’s
Ethics Committee (EC UZG 2006/283, date:
03.15.2007). Prior to the enrolment of the
first patient, the trial was registered with the
National Trial Register (867020071504).

TIPS procedure

All procedures were performed under
general anesthesia by an experienced inter-
ventional radiologist (L.D.). Depending on
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the patient’s age and physiognomy, a TIPS
was created following a conventional tran-
sjugular technique for adults or by a dedi-
cated combined percutaneous transhepat-
ic—transjugular approach for small children.”®
The principle of the latter technique is illus-
trated in Figure 1. Routinely, an expanded
polytetrafluoroethylene (ePTFE)-covered
endoprosthesis (Viatorr TIPS endoprosthe-
sis, Gore) was used for shunt creation. If the
sheath could not be negotiated into the
main portal vein, a self-expandable non-cov-
ered stent (Wallstent, Boston Scientific) was
placed. In all cases, stent dilatation was per-
formed using an 8 mm angioplasty balloon.
This was followed by direct portography and
portosystemic pressure gradient (PPG) mea-
surements. If the flow through the shunt was
not sufficient, dilatation up to 10 mm was
performed. We did not pursue a minimum
gradient reduction. Prophylactic anticoag-
ulant therapy after TIPS placement was not
administered. Percutaneous “dual-pass” liver
biopsy 18-Gauge Tru-Cut, throw length: 20
mm) was performed during the TIPS pro-
cedure. All patients were admitted to the
pediatric intensive care unit following the
TIPS procedure for overnight observation
and then transferred to the pediatric floor.
The follow-up data of these patients after
discharge are shown in Supplementary
Figure 1.

Outcome and definitions

The primary and secondary outcomes
for efficacy were the prevention of variceal
bleeding and the prevention of symptomat-
ic hypersplenism (severe thrombocytopenia
and/or splenomegaly requiring additional in-
tervention/surgery), respectively, during the
follow-up period. Thrombocytopenia was
defined as a platelet count (PLT) of <150.000/
pL, with a severe sub-definition of <50.000/
pL. The spleen length for the age Z score was
used to monitor the evolution of splenomeg-
aly,® and the body-mass-index for-age and
height-for-age Z scores were used to monitor
growth and nutritional status.®®

Safety was assessed according to imme-
diate and late complications. Immediate
complications were recorded in the 30-day
post-procedural time frame.' Late compli-
cations of TIPS placement, including the
incidence of HE and the number of shunt
revisions required, were monitored and re-
corded during the follow-up. Primary TIPS
patency was defined as patency without
shunt dysfunction requiring revision. Sec-
ondary patency was defined as restored full
patency after shunt revision.

Hermie et al.



Following the new insights into NCPH,
all liver biopsy samples were retrospective-
ly re-analyzed by a hepatopathologist.>? For
fibrosis scoring, the METAVIR scoring system
was used (FO: no fibrosis, F4: cirrhosis).®

Statistical analysis

The Shapiro-Wilk normality test was used
to examine the normal distribution of vari-
ables. Data were expressed as the median

mally distributed and as the mean + stan-
dard deviation (SD) if normally distributed.
A paired dot plot and the Wilcoxon signed-
rank test were used to compare the paired
pre-TIPS and end follow-up measurements.

with an interquartile range (IQR) if non-nor-

Figure 1. Modified percutaneous transhepatic-transjugular approach for small children. (a) Right transjugular vein access was used to advance a 10-F sheath
(Flexor Check-flo Il introducer set, Cook Medical) over a 5-F Headhunter-type catheter into the right hepatic vein. (b) Right-sided (midaxillary line) peripheral
portal vein access was then obtained by percutaneous puncture, and a 5-F Cobra type was advanced through a 5-F introducer sheath into the main portal vein.
(c) Subsequently, by inclining the X-ray tube, a favorable crossing of the catheters in the hepatic and portal vein was identified. From a ventral subcostal position,
a third percutaneous puncture was performed using a long 21-gauge Chiba-type needle (white asterisk) directed perpendicular to the junction of the venous
catheters, first perforating the portal vein and then entering the hepatic vein through the hepatic parenchyma. (d) The correct position of the needle (white asterisk)
in the hepatic vein (white arrow) was confirmed by blood aspiration and a contrast medium injection performing digital subtraction angiography. (e) A 0.018 inch
hydrophilic guidewire (Radifocus, Terumo) was introduced trough the needle (white asterisk) into the right hepatic vein (white arrow). (f) The correct passing of the
portal vein was confirmed by withdrawing the needle into the portal vein (black arrow) and through a contrast medium injection via a hemostatic valve (AccessPLUS
hemostasis valve, Merit Medical). In this case, it also demonstrated the hepatic vein (white arrow). Over the 0.018 inch guidewire connecting the hepatic and portal
veins, a 6-F coaxial access set (AccusStick Il Introducer System, Boston Scientific) was advanced transhepatic into the hepatic vein. The small guidewire was then
exchanged for a 300 cm long 0.035 inch stiff hydrophilic guidewire (Radiofocus Glidewire Advantage, Terumo), which was pushed upstream to the caval vein. (g) This
guidewire was captured transjugular with a 25 mm snare (Amplatz GooseNeck Snare Kit, Covidien) (black asterisk) and used to guide the 6 mm balloon angioplasty
of the parenchymal tract between the hepatic (white arrow) and portal vein (black arrow). (h) Subsequently, the transjugular sheath could be pushed towards the
portal vein, and a 5-F Cobra-type catheter was introduced aside the safety guidewire into the portal vein. Through this catheter, a super-stiff guidewire (SupraCore,
Abbott) was advanced in the splenic or mesenteric vein. (i) Direct portography was performed via a 5-F calibrated pigtail catheter to select the appropriate length
for the endoprosthesis, followed by the measurement of the transhepatic portosystemic pressure gradient. Then, following the 8 mm balloon angioplasty of the
parenchymal tract, the transjugular sheath was pushed into the main portal vein and the safety guidewire removed. From here, the procedure followed the same
technique as for adults. (j) Final direct photography after transjugular intrahepatic portosystemic shunt placement. The percutaneous intrahepatic parenchymal
tracts were closed using acrylic glue (Glubran2, GEM or Histoacryl, Braun) and diluted (1:2) with an oily contrast agent (Lipiodol UF, Guerbet).
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A Kaplan-Meier plot was created to describe
the primary and secondary TIPS patency. All
analyses were performed using SPSS soft-
ware version 27 and RStudio 4.0.2., with P
<0.05 considered significant.

Results

Patient selection

Seven children (five males and two fe-
males) with CFLD underwent a pre-emptive
TIPS. The included patients had a mean age
of 9.2 years (+ SD 2.2) and a mean weight of
27.3 kg (= SD 6.9) (Table 1). They all exhibited
signs of liver fibrosis on US, with a median US
liver score of 7 (IQR 7-9)."” Clinical signs of
PHT were hypersplenism (patients 1,4, and 7)
and splenomegaly without thrombocytope-
nia (patients 2 and 6). In patient 5, a progres-
sive decline in PLT prompted a pre-emptive
TIPS before reaching the threshold of throm-
bocytopenia. In patient 3, a pre-emptive TIPS

was performed due to hepatomegaly and
early signs of PHT on US. None had a variceal
bleeding episode before TIPS treatment.

During the TIPS, direct PPG measure-
ments confirmed the presence of early PHT
(PPG 6-10 mmHg) in five patients, with pa-
tients 1 and 4 unexpectedly having more
severe PHT (17 mmHg). Some esophageal
collaterals were seen (patients 1, 4, 6, and 7)
during direct portal vein phlebography. His-
topathological evidence of liver fibrosis was
confirmed via biopsy in all patients, ranging
from F1-F3 (Table 2). All had features sug-
gestive of OPV, with different patterns, as il-
lustrated in Supplementary Figure 2.

Technical and clinical outcomes (Table 3)

The pre-emptive TIPS procedure was
technically successful in all patients, with no
immediate post-procedural complications.
An ePTFE-covered stent was placed in all pa-

Table 1. Individual baseline characteristics at the time of the TIPS procedure

Patients with pre-emptive TIPS

tients except one. In patient 6, an uncovered
stent was required because the 10-F sheath
could not be passed into the main portal
vein. All patients were discharged in a good
condition after a hospitalization period of 2
to 5 days. Patient 1 suffered from intermit-
tent hyperammonemia with doubtful neu-
rological symptoms 19 days after the TIPS,
which was treated medically without the re-
currence of symptoms. Patient 6 was admit-
ted because of rapid progressive HE, which
evolved into a deep comatose state. This was
related to a peptide-based drip-feed after
receiving a gastrostomy because of poor nu-
tritional intake 19 months after a TIPS. The
patient was treated successfully with sodium
benzoate. Then, lactulose and metronidazole
were administered for 1 week per month,
the drip feed was reduced and changed to a
type with a lower protein load. Subsequently,
the patient has been in a good condition for
many years.

Patient no. 1 2 3 4 5 6 7
rsri);?gse) UESERL Male,9y0m  Male,10y9m Female,6y5m Female,8y7m Male,8y10m Male,7y7m Male, 13y T m
CFTR genotype DF508/DF508 DF508/G542X  DF508/DF508  DF508/Y1092X  DF508/DF508  N1303K/2335delA ;Z;;): e
Weight (kg)/height (cm) 26/124 34/133 22/109 28/122 25/125 18/111 38/144
Pancreas insufficiency Yes Yes Yes Yes Yes Yes Yes

BMI for age Z-score 0.2 0.9 1.0 0.5 0.6 -0.7 0
Length for age Z-score -1.7 -1.6 -1.7 -14 -1.5 -2.7 -1.9
FEV1/FVC (%) 91/83 87/106 91/93 93/103 72/75 89/101 83/87
White blood cells (x 10°/L) 3.7 8.5 47 2.7 7.5 5.9 4.4
Platelets (x 10°/L) 62 264 242 55 154 247 142
AST (IU/L) 26 32 35 30 82 21 24

ALT (IU/L) 11 25 28 24 62 8 20

GGT (IU/L) 17 26 67 14 63 27 23
Albumin (g/dL) 33 4.5 43 4.2 4.2 4.0 5.0
Bilirubin (mg/dL) 0.4 0.4 0.2 0.6 0.2 0.3 0.4

INR 1.3 1.0 1.0 1.3 1.0 1.2 1.0
Serum creatinine (mg/dL) 0.3 0.7 0.6 0.3 0.4 0.5 0.7
APRI 1.0 0.3 0.4 1.4 13 0.2 0.4
MELD 9 6 6 9 6 8 6
Palpable liver (cm) +3 +6 +9 +5 +3 +7 +1
Palpable spleen (cm) +5 0 - +7 0 - -
Spleen size (cm) 16 11.5 7.5 18.5 11.0 11.0 13.8
Spleen for age Z-score 6.9 1.6 -0.8 10.7 2.0 23 44
e 7 7 : : 7 ;

US liver contour Nodular Nodular Nodular Nodular Nodular Nodular Smooth

CFTR, cystic fibrosis transmembrane conductance regulator; TIPS, transjugular intrahepatic portosystemic shunt; BMI, body mass index; FEV1, forced expiratory volume; FVC,
forced vital capacity; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; INR, international normalised ratio; APRI, aspartate
aminotransferase to platelet ratio index; MELD, model for end-stage liver disease; US, ultrasound.
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During the median follow-up of 9 years
(IQR 8.1-12.9) after the TIPS, none of the pa-
tients had an episode of variceal bleeding.
In patients 1 and 4 with advanced PHT and
marked hypersplenism at a young age, PLT
continued to decrease even after TIPS treat-
ment, ultimately resulting in severe throm-

bocytopenia with bleeding diathesis. Both
underwent an LT because of progressive
liver insufficiency, which was 2.8 years (LT in
patient 1) and 8.1 years (LT in patient 4) fol-
lowing TIPS treatment. The histology of the
explant showed a biliary pattern of cirrhosis.
In the remaining patients, three (3, 5, and 7)

Table 2. Histopathological features on liver biopsy during the TIPS procedure

Patients with pre-emptive TIPS

evolved to hypersplenism without the need
for medical treatment. The PLT significantly
decreased after TIPS, with an estimated me-
dian difference of 55.000/uL (P = 0.018, Wil-
coxon signed-rank test), whereas the spleen
length for the age Z score did not increase
(Figure 2). Patient 3 died after 12.9 years

Patient no. 1 2 3 4 5 6 7
Number of portal tracts 8 10 5 1 6 1
Steatosist Mild, macro Mild, macro  No No No Severe, macro No
METAVIR fibrosis scoret F3 F2 F2-F3 F3 F3 F1-F2 F3
Classical features of CFLD§ No No Yes No Yes No Yes
Typical bile inspissation9 No No No No Yes No Yes
Portal vascular changes# PV absent z\r/;g:einTa" Ef:lic?kb:v?lt or PV absent PV absent PV too small PV absent
PHT features# Focal SD No Focal mildSD  No No SV No
Cholate stasis¥ No No No No No No Focal
Conclusion Advanced oPV Advanced Advanced Advanced oPV Advanced
fibrosis, OPV fibrosis, OPV fibrosis, OPV fibrosis, OPV fibrosis, OPV

tAbsent/mild <33%/moderate: 33%-66%/severe >66%, type: micro-/macrovesicular/mixed. $F0/F1: portal fibrosis with no septa/F2: few septa/F3: numerous septa without
cirrhosis/F4: cirrhosis. §Focal biliary fibrosis with ductular reaction (>2 bile ducts in PT) and predominantly polymorphonuclear neutrophils infiltrate. fIPeriodic acid-Schiff
positive. #Portal veins absent in 240% of complete portal tract and/or portal vein too small (<2x size of accompanying artery or bile duct). 4Paraportal shunt vessels and/or
sinusoidal dilatation in >50% of draining areas of central veins. ®Periportal ductular metaplasia on CK7 staining and/or periportal copper deposition. OPV, obliterative portal
venopathy; TIPS, transjugular intrahepatic portosystemic shunt; CFLD, cystic fibrosis-related liver disease; PHT, portal hypertension. No biopsy was performed on patient 10.
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Figure 2. Individual evolution of hypersplenism, malnutrition, and growth. The paired dot plot and Wilcoxon signed-rank test for the paired results of (a) platelet
count, (b) spleen length-for-age Z score, (c) body-mass-index (BMl)-for-age Z score, and (d) height-for-age Z score at the time of the transjugular intrahepatic
portosystemic shunt (TIPS) procedure and at the end of the follow-up. A value of P < 0.05 was considered significant.
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Table 3. Procedure details and outcome

Patients with pre-emptive TIPS

Patient no 1 2 3 4 5 6 7

TIPS procedure

Technique PIPS PIPS PIPS PIPS PIPS PIPS Transjugular

52:3:;¥&e$?lameter " XW:SSte"t' 10 \5’2;:0"' 8x :("g(t)?r"' 8 wi::iiﬁﬁi B fé Viatorr, 8 x 40t \6/?:0"' 10X Viatorr, 10x 50t
Viatorr, 10 x 601

Stent position Right-right Right-right :{iiggftlt_ Right-left Right-right Right-right Right-right

Final stent dilation 8 8 8 10 8 8 8

PPG before TIPS (mmHg) 17 8 7 17 6 8 6

PPG after TIPS (mmHg) 13 5 4 10 2

Time of procedure (min) 480 125 160 360 120 190 160

GOV

TIPS patency

Primary patency (y) 0.0 10.7 0.5 8.1, open 2.1 9.0, open 8.3, open

Secondary patency (y) 2.8, open 12.3 9.9 8.1, open 12.3, open 9.0, open 8.3, open

Follow-up time (y) 2.8, LT 13.3, alive lizagt’h 8.1, LLT 12.3, alive 9.0, alive 8.3, alive

Clinical outcome at the end follow-up

Variceal hemorrhage No No No No No No No

Liver transplantation Yes No No Yes No No No

Spleen size (cm) 16 16.4 13.5 24 16.5 12.5 14.1

Spleen for age Z-score 5.90 6.33 4.57 19.57 6.44 2.00 3.78

Spleen length ratio 1.62 1.52 1.36 2.26 1.53 1.17 1.31

Platelets (x 10%/L) 36 152 79 48 99 209 129

MELD score 14 10 338§ 15 8 10 9

INR 1.9 1.1 4.6 1.6 1.1 1.2 1.1

Ammonia (umol/L) 55 24 79 64 27 59 25

BMI for age Z-score 0.1 0.8 1.2 -0.6 0.4 -1.2 0.2

Length for age Z-score -0.7 -1.0 -1.6 -1.6 -1.2 -1.1 -1.0

tCovered part, $last data before splenectomy, §related to hemophagocytic syndrome. TIPS, transjugular intrahepatic portosystemic shunt; PIPS, percutaneous intrahepatic
portosystemic shunt; GOV, gastroesophageal varices; PPG, portosystemic pressure gradient; MELD, model for end-stage liver disease; LT, liver transplantation; LLT, lung/liver

transplantation.

because of a sudden severe hemophagocyt-
ic syndrome with secondary multiple organ
failure, which was not related to CFLD. On
the last annual assessment, this patient had
a stable liver function (model for end-stage
liver disease 8). In the remaining patients
with early PHT, liver function remained sta-
ble, and LT could be avoided until the end of
the follow-up. No patients developed ascites.
Regarding growth, the height for the age Z
score significantly increased after the TIPS,
with an estimated median difference of 0.6
(P =0.043, Wilcoxon signed-rank test).

Four in seven patients required one or
more revisions, resulting in an estimated me-
dian primary patency of 10.7 years (IQR 0.5-
10.7) after TIPS treatment (Figure 3). The pri-
mary patency rates at 2, 4, and 6 years were

71.4%, 57.1%, and 57.1%, respectively. A to-
tal of 10 TIPS dysfunctions were detected by
US, and the revisions revealed four stenoses
and six occlusions. Patient 5 presented with
progressive hypersplenism, despite no shunt
deficiency on the duplex US. A subsequent
10 mm balloon angioplasty was performed
with a PPG decrease from 5 to 4 mmHg. Ex-
cept for patients 1 and 4, the PPG during the
revision never exceeded the threshold of 10
mmHg. Patients 2 and 3 demonstrated a re-
vision refractory occlusion of the TIPS after
12.3 and 9.9 years, respectively. In both pa-
tients, a new left-left TIPS was created to re-
duce the PPG (from 10 to 4 mmHg and from 9
to 5 mmHg, respectively). The first TIPS in five
patients and the second TIPS in two patients
were open at the end of the follow-up.
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Discussion

The prospective selection of children for
a pre-emptive TIPS was based on several
non-invasive indicators. The intention was
to include patients with early PHT, ideally
before the onset of clinically significant PHT.
However, two children with thrombocytope-
nia and marked splenomegaly showed post-
hoc more severe PHT (PPG of 17 mmHg) on
invasive pressure measurements during the
TIPS procedure. In both, further deteriora-
tion of CFLD could not be prevented, and a
hepatic decompensation developed, with
a need for LT. A histopathological re-eval-
uation of the biopsy samples did not show
any clear distinction between them and the
other patients with early PHT. In all patients,
OPV was the most prominent histopatho-

Hermie et al.
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Figure 3. Primary and secondary patency of transjugular intrahepatic portosystemic shunt. Kaplan-Meier

plot.

logical feature, supporting porto-sinusoidal
vascular disease. Nevertheless, both patients
with severe PHT showed advanced fibrosis
(F3), which is indistinguishable from incom-
plete septal cirrhosis on a needle biopsy.
Further, as CFLD is a highly heterogeneous
disease, there is an inherent risk of a sam-
pling error.3? Eventually, explant histology
demonstrated a biliary pattern of cirrhosis
in both patients. Consistent with previous
assumptions, these patients likely suffered
from an earlier and more severe phenotype
of CFLD with extensive fibrosis (or cirrhosis),
PHT, and liver failure, often requiring LT."' The
remaining patients may have had a milder
phenotype with a slowly progressive NCPH,
as indicated by the moderately elevated PPG
throughout the follow-up.

This study confirms that a TIPS, even in
small children with CF, is feasible and can
be performed safely without major adverse
events in the immediate post-procedural pe-
riod. Portal vein access from a conventional
jugular approach can be problematic due to
the wider anatomical variations and geomet-
rical incompatibilities in a small child’s liver.
The use of a combined transjugular and tran-
shepatic approach in the youngest children
in our series enabled us to overcome this
difficulty without complications related to
the percutaneous technique. Nevertheless,
although HE is of major concern after TIPS, it
seems only to occur in patients with a high
protein intake.> Excessive shunting should
be avoided by leaving a residual PPG of >3

mmHg. Furthermore, controlling the protein
intake and monitoring ammonium levels are
key points in the follow-up of patients with
CFLD after shunt placement. Intermittent or
chronic mild hyperammonemia could be ob-
served in several patients after TIPS but with-
out the manifestation of neurodegenerative
complications or cognitive impairments in
the long term.

Stent dysfunction in TIPS is a well-known
long-term complication in adults. This study
prospectively recorded 6-year primary and
secondary patencies of 57% and 100%, re-
spectively, which is in line with previous ret-
rospective studies on pediatric PHT.203 Strict
follow-ups with US are mandatory to detect
early stent stenosis, allowing for an uncom-
plicated revision. Nevertheless, after almost
10 years, two patients eventually required
a second TIPS because of stent occlusion,
which was refractory to revision. Overall, the
long-term permeability of a TIPS in children
with CFLD appears comparable to the paten-
cy in adults.®

This study achieved its objective in terms
of efficacy, as pre-emptive TIPS placement
avoided variceal bleeding in pediatric pa-
tients with CFLD and PHT in the long term.
Except in one patient, portal decompression
after primary or revisional TIPS resulted in
a PPG below 12 mmHg, which is a critical
threshold for bleeding protection in adults
and is likely in the pediatric population.
Previous retrospective series indicated that a

TIPS could improve hypersplenism in pediat-
ric PHT.3”*8 In the present trial, we observed
a significant decrease in PLT, with failure to
avert severe thrombocytopenia in both pa-
tients with more advanced PTH at the time
of the TIPS. It appears that hypersplenism
progresses over time, despite a function-
al TIPS and a low PPG (5 mmHg), not even
exceeding the classical threshold of PHT in
adults. As portosystemic collaterals/varices
were also identified in patients with a PPG
below 10 mmHg, the upper limit of normal
for the PPG might be lower in these pediat-
ric patients.> Although liver fibrosis and the
slow progression of PHT appeared inevitable
in the present trial, a comparative case series
indicated that a surgical distal splenorenal
shunt (DSRS) could improve hypersplen-
ism in CFLD.*® This is presumably related to
more effective decompression of the spleen.
Moreover, while a pre-emptive TIPS pre-
vented variceal bleeding during double the
follow-up time, no episodes of HE occurred
after DSRS.%

The use of TIPS may be an interesting thera-
peutic strategy in a pre-emptive stage of NCPH,
but it remains controversial, and there are some
ongoing questions. First, this study was limit-
ed by its small sample size and the lack of a
conservative control group. Furthermore, the
incidence of CFLD is low, and subsequently,
the number of patients with early-stage PHT
is even lower. Therefore, randomization was
never an option. Second, as shown in the
present study, it remains challenging to cor-
rectly identify patients early who will prog-
ress to severe CFLD with cirrhosis or NCPH
and are subsequently at risk of developing
complications.'>*" Even revisiting the original
histopathology could not find a way to distin-
guish the two phenotypes in CFLD. However,
early clinical signs of PHT with progressive
thrombocytopenia or an advanced PPG on
invasive pressure measurements might be
indicative of a more severe phenotype. Con-
sidering normal PLT with low PPG at the time
of the TIPS in several patients, a selection
bias toward a more favorable disease course
may exist. Third, the implementation of pri-
mary prophylaxis is debatable, as the risk of
variceal bleeding is currently estimated at
5%-10% wihtin 10 years of diagnosis.>'#** Fi-
nally, a pre-emptive TIPS remains an invasive
treatment for a fragile patient group without
troublesome symptoms and with a limited
tolerance for procedural complications.

In conclusion, this prospective study
demonstrated TIPS as a feasible long-term
treatment for selected CF patients with PHT
to avert variceal bleeding. However, as the
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progression of liver fibrosis, thrombocytope-
nia, and splenomegaly is inevitable, and the
bleeding risk has previously been overesti-
mated, the clinical benefits due to pre-emp-
tive placement appear to be minor. More-
over, there is an inherent risk of HE, especially
with excessive shunting or uncontrolled pro-
tein intake. Consistent with previous reports,
a liver biopsy at the time of the TIPS showed
histopathological features of porto-sinusoi-
dal vascular disease and advanced fibrosis.
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especially at risk of developing liver disease.

All patients with cystic fibrosis underwent a systematic annual assessment of associated liver disease on the basis of a clinical examination,
blood analysis and abdominal ultrasound (US). Patients with pancreatic insufficiency are clinically examined at least every 3 months as they are

l—

'

CFLD is detected by an abnormal physical examination (hepatomegaly or splenomegaly, confirmed on US), abnormalities of liver function tests
(increase of AST, ALT, GGT levels above the upper normal limits) or ultrasonographic evidence of liver involvement (US liver score = 5). If
CFLD is suggested, a doppler US is requested to detect direct (portosystemic shunts, decreased or reversed portalflow, dilated portal vein)
and indirect (splenomegaly) signs of portal hypertension [17].

!

v

Signs of PHT on Doppler US - Diagnosis of CFLD is made

Signs of PHT absent on Doppler US

}_

/

Patient is evaluated hi-monthly (physical examination, blood analysis + US) by a pediatric gastroenterologist. Clinical, biochemical and US
abnormalities are multidisciplinary discussed. If progressive PHT is suspected and confirmed on serial US doppler, patient become eligible for
pre-emptive TIPS after extensive informed consent of patient and parents.

/

TIPS procedure + ‘dual-pass' liver biopsy

Y

Follow-up: With an uncomplicated post-procedural course, all patients were followed with regular outpatient clinical visits, including laboratory
assessments and Doppler US examinations after 1, 3, 5, 8, 12 months, and annually thereafter. Doppler US was correlated with baseline and

follow-up examinations and with changes in clinical status to determine if shunt venography was warranted. If TIPS deficiency was suspected,

a TIPS revision was performed. Monitoring for the development of encephalopathy was done through a clinical examination and ammonia

measurement if necessary. Malnutrition/growth retardation was assessed by the body mass index for age and length for age Z-scores. If the
condition of the patient altered, examinations recured more regularly. In case of complications, specific action is taken in consultation with all

physicians involved. After the complications have been resolved, the intention is to resume the above monitoring schedule. A diet consisting of

high-calorie, high-fat and high-salt foods, along with fruit and vegetables, was recommended in all patients.

Supplementary Figure 1. Pre-emptive TIPS protocol. TIPS, transjugular intrahepatic portosystemic shunt; CFLD, cystic fibrosis liver disease; US, ultrasound; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; PHT, portal hypertension; PPG, portosystemic pressure gradient.
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Supplementary Figure 2. Obliterative portal venopathy. (a) Liver biopsy patient 4. Portal tract lacking a portal vein radicle (open arrow) next to a portal tract
showing a portal vein radicle of reduced size (thin arrow). These two portal tracts are abnormally approximated to each other. (b) Liver biopsy patient 2. Portal tract
showing a portal vein radicle of reduced size with a fibrous wall (arrow). (c) Liver biopsy patient 8. Thin fibrous septum connecting two portal tracts. The portal vein
radicle shows a thick wall and a reduced size (arrow), while in other areas, the portal veins appear dilated. (d) Liver biopsy patient 8. Dilated portal veins herniating
outside of the portal tracts in the periportal area indicating portal hypertension (arrows).

64 « January 2024 - Diagnostic and Interventional Radiology Hermie et al.



