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Abstract

Objective: The aim of the study was to better describe incidence, risk factors, and the natural evolution of neonatal portal
vein thrombosis (PVT).

Study design: One hundred and twenty-three premature newborns or with birth weight <1.5 kg were prospectively included
in a single center during a one-year period. Three systematic abdominal ultrasound examinations at day 3, day 10, and day
45 (and 1 year in case of persistent PVT) were performed. Clinical and biological data were recorded.

Results: Seventy neonates (57%) had three normal US examinations. Fifty-three neonates (43%) had a clinical and biolo-
gical asymptomatic left PVT. No right or extrahepatic portal venous thrombosis was observed. Umbilical vascular catheter
(UVC) was removed in case of PVT. No anticoagulation therapy was required. No risk factor was significantly associated

with PVT. At 1 year of follow-up, five infants had persistent isolated left PVT (4%).
Conclusion: A spontaneous favorable evolution of left PVT occurred in more than of 95%.

Introduction

Portal vein thrombosis (PVT) remains unrecognized in the
neonatal period. Clinically asymptomatic PVT is sometimes
picked up by screening investigations or during routine
imaging for other indications. Umbilical catheter placement
is often thought to be the cause of PVT [1]. This belief is
based on the retrospective observation that many children
with extrahepatic portal hypertension have undergone
catheterization of the umbilical vein during the newborn
period. History of neonatal umbilical vascular catheter
(UVC) have been reported in 35% of children with extra-
hepatic portal vein obstruction, predictive of failure of
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Meso-Rex bypass [2]. UVC is used in up to 15% of all
babies admitted to NICU and 50% of all preterm neonates
with very low birth weight [3]. The umbilical vein is
available as a site for central venous access for the first
week of life for the monitoring and treatment of critically ill
neonates. It allows rapid venous access in the delivery
room, exchange transfusions, measurement of central
venous pressure, and vascular access of last resort [4].
According to the results of prospective studies [5-7],
properly inserted umbilical venous catheters (UVCs) did not
cause portal venous thrombosis. Ultrasonography asso-
ciated with Doppler is a non-invasive useful tool to detect
the position of the UVC and its potential thrombotic com-
plication [1, 8-10]. UVC-associated thrombosis was com-
monly reported in neonates (mainly in the left intrahepatic
portal vein) and spontaneous resolution occurs in most
cases [11, 12]. Kim et al. [12] showed a 43% rate of neo-
natal PVT following UVCs when ultrasound (US) exam-
ination was completed every 57 days while infants were in
hospital. The reported incidence of catheter-related throm-
bosis in infants and children was variable, depending on the
arterial or venous position with or without heparin bonding
[6, 13]. Poor outcome in neonates with PVT, defined as
portal hypertension or lobar atrophy, was diagnosed in 27%
of the infants and was significantly more common in those
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with an initial diagnosis of severe PVT (occlusive PVT
involving two branches or single branch PVT associated with
parenchymal changes) [1]. In a follow-up case series of Morag
et al. [14], among patients who had PVT as neonates, 25% had
atrophy of the left lobe of the liver, 7% had splenomegaly
(without portal hypertension), and 3% had portal hypertension
requiring porta-caval shunt. However, there was no evidence
that anticoagulation therapy improves time to resolution or
decreases the likelihood of portal hypertension[15].

This prospective study was designed to determine the
incidence, risk factors, and the natural evolution of portal
venous thrombosis related or not to an UVC in neonates
admitted to NICU by systematic serial US.

Material and Methods
Patient population

The study was authorized by the institutional review board
of our hospital (2014-A01366-41; 2014-S18) ruled by
written information given to parents. Parents’ written con-
sent was obtained. All premature newborns with gestational
age under 32 weeks and 6 days and all newborns with birth
weight <1.5 kg admitted to the neonatal intensive care unit
at our pediatric university hospital from November 2014 to
November 2015 were prospectively included.

Umbilical venous catheterization

In our practice, a 4 French diameter UVC was systematically
used for venous infusion for infant with birth weight under
1500 g or small for gestational age under 10° percentile or
need of emergency venous pathway. Placement was con-
trolled with a standard anteroposterior radiograph at the end
of the procedure. The venous position was defined as central
tip at or above the junction between the inferior vena cava and
the right atrium, or peripheral (under the diaphragm). In case
of central position, we recommended to remove the catheter
before day 5. Otherwise, in case of abnormal position, UVC
should be removed as soon as possible and switch if neces-
sary into a peripherally inserted central catheter. Fluid and
nutritional intake are according to the ESPGHAN recom-
mendation. We used a maximum infusion concentration
under 1000 mOsm/L and avoided blood transfusion using the
UVC. In case of PVT diagnosed on US, UVC was removed
and another venous access was required.

US examination

Three systematic US examinations were provided during
hospitalization at Day 3, Day 10, and Day 45 or before
being discharged. A grid was completed after each US
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exam. US included color Doppler US scanning of the portal
vein and was performed by pediatric radiologists with a 5-9
multi-MHz linear-array transducer (Voluson S8 General
Electric). A pulse Doppler was used to confirm the venous
stream. Dimension of the right and left liver was noted.
Splenomegaly was reported. The diagnosis of portal venous
thrombosis was made by documenting the echogenic
intraluminal thrombus at gray-scale US and the absence of
flow on color Doppler US images [9, 10, 16]. In the cases
with portal venous thrombosis, the location, extent, and size
of the thrombus were recorded. Occlusive was defined by
hyperechogenic thrombus replacing the entire lumen and
no-flow in color Doppler. Partial was defined by non-
occlusive hyperechogenic intraluminal thrombus and per-
sistent stream in color Doppler.

Results were classified as normal, occlusive portal
venous thrombosis, or partial portal venous thrombosis. A
normal longitudinal right to left liver ratio was between 0.92
and 0.95 [17].

Initial and secondary follow-up

If a thrombus was detected within the first three US
examination, additional US was provided 6 months later
and then at least 1 year later associated with a pediatric
hepatologic physician’s consultation.

Study parameters

Potential associated risk factors of PVT were collected such
as gestational age, birth weight, antenatal steroid injection,
family history of thrombophilia, maternal diabetes, dehy-
dration (weight loss >10% of birth weight during the first
week), maximum blood hematocrit in the first week of life,
early onset sepsis (positive blood culture or elevation of
blood marker inflammation C reactive protein with context
of maternal infection or contamination). Liver enzyme was
recorded for each patient.

Statistical analysis

Pearson’s Chi-squared tests with Yates’ continuity correction
were performed with the R software [18]. A p-value less than
0.05 was regarded as indicating a significant difference. A
multiple regression analysis was performed on the data set.
Results

Patient population

One hundred twenty-three neonates (74 girls and 49 boys)
were enrolled during the study period. Two neonates died
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Fig. 1 the cohort of patients
studied

123 children included

70 children with 3 normal
ultrasound examinations

53 children with at least 1
pathologic US examination

* 53 umbilical venous * 51UVC+
catheter (UVC) + *+ 2UVC -
* 17 without UVC
* 1 lost to follow-up * 33 children had normal third US * 17 children had left PVT on
* 2 deaths examination third examination
* 3UVC+ * 31UVC+ + 17UVC +
*+ 2UVC -
11 children had normal at 6
month examination
* 4 children had persistent
occlusive left PVT at 1 year
examination
* 1 children had persistent partial
left PVT at 1 year examination
* 1nommal US examination
Tablg 1 Descrlptl.o.n O.f the Duration of use of umbilical venous catheter (day) 1 2 3 4 5 6 7
duraFlfm of the utilization of Normal ultrasound examination n=9 =12 n=5 n=13 n=12 =1 n=1
umbilical venous catheter
Peripheral position 8 5 2 1 2 0 1
Central position 1 7 3 12 10 1 0
Left portal venous thrombosis n=5 n=11 n=13 =5 n=16 n=1
Peripheral position 5 11 6 3 5 0
Central position 0 0 7 2 11 1

between Day 3 and Day 10 and two children were lost to
follow-up during the study (Fig. 1). Gestational ages of the
neonates were 25-36 weeks (mean gestational age,
30 weeks; median 31). They weighed 550-2600 g (mean
weight, 1290 g).

Umbilical venous catheterization

Nineteen (15.4 %) neonates had no UVC. They were
older (median gestational weeks of 31.8 versus 30.6, p <
0.0001) and heavier (median birth weight of 1702 versus
1207 g, p <0.0001) than those who had UVC. Among the
70 neonates with normal US examinations, 53 had a
UVC. Among the 53 neonates with left PVT, 51 had a
UVC. The frequency of left PVT was 49% among chil-
dren with UVC (51/104) and 10.5% in children without
UVC. UVC was significantly associated with PVT
(p =0.001).

The location of the UVC tip was in central position in 55
cases, in peripheral position in 49. Details and duration of
the utilization of the UVC are reported in Table 1. A

peripheral position of the UVC was significantly associated
with higher rate of PVT (61% versus 38%, p =0.031). In
case of peripheral position, UVC was removed as soon as
possible, within the next 24th hour. The UVC were placed
for 1 day to 7 days (mean, 79 h).

US examination

Seventy neonates (57%) had three normal US examinations.
Fifty-three neonates (43%) had a left portal venous throm-
bosis observed in at least one US examination (Fig. 2). No
right or extrahepatic portal venous thrombosis was
observed. In all cases, the liver and the spleen were not
enlarged, and neither ascites nor extrahepatic collateral
vessels were noted.

Left portal venous thrombosis was detected in 33
(26.8%) of the 123 neonates during the first (Day 3) or
second (Day 10) US examination, with a spontaneous
resolution on the third (Day 45 or before discharge) US
examination. The results of the three systematic US exam-
inations are provided in Table 2.
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Fig. 2 a Normal hepatic ultrasound image with visualization of the end
of the umbilical venous catheter in the left portal vein (thin white
arrow). b Normal hepatic portal bifurcation color Doppler image with
homogeneous colored right and left porta venous. ¢ Partial left venous

Table 2 Results of the three systematic ultrasound examinations. Two
neonates died between Day 3 and Day 10; one was lost to follow-up
between Day 10 and Day 45

US examination Day 3 Day 10 Day 45
Normal 82 86 103
Partial left portal venous thrombosis 19 20 8
Occlusive left portal venous thrombosis 22 15 9

Among 17 neonates with partial (n=8) or occlusive
(n=9) left PVT on the third US examination, 11 had
normal US examination at 6 months.

Study parameters

We recorded four (3.2%) neonates with familial histories of
thrombophilia and 11 (9.1%) with maternal diabetes. Sepsis
was found in 41 cases. Eighty-six newborns received
antenatal steroid injections (69.9%). Dehydration occurred
in 41 cases (33%) and mean maximum hematocrit was
49.1% (34.5-63.2 %). Eight (6.5%) newborns suffered from
early onset sepsis. Sepsis was found in 41 cases (33.8%),
five had necrotizing enterocolitis (Bell’s score >2). No
elevated liver transaminases were observed. All these cri-
teria were not significantly associated with a higher risk of
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thrombosis, represented by partial hyperechogenic left portal venous
obstruction (thick white arrow). d Total left venous thrombosis with
total obstruction of the left portal vein by hyperechogenic thrombus
(black star)

PVT. No anticoagulation therapy was initiated. Our popu-
lation was homogeneous and no significant differences exist
between premature newborn with or without UVC. Details
are provided in Table 3.

Follow-up

The five patients with persistent PVT at one year had a
pediatric hepatologic physician’s consultation after the US
exam. All clinical and biological examinations were normal.
All infants with persistent occlusive left PVT had UVC for
3 days (n=1) to 5 days (n = 3). No significant risk factor
was found among the five patients. The left hepatic lobe in
the four cases with occlusive left PVT was hypotrophic
(decrease of the longitudinal right/left liver ratio). Details of
the liver ultrasonographic measurements are shown in
Table 4.

Discussion

Left portal venous thrombosis was a frequent event,
reported in 26.8% of the 123 neonates within the tenth first
days. We have observed spontaneous resolution of partial or
occlusive left PVT, sometimes very quickly between two
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Table 3 Details of clinical and biological data

Criteria Portal venous Normal ultrasound P ODDS Confidence Total (n =123
thrombosis (n = 53) examination (n = 70) ratio interval children)

Umbilical venous catheter 51 53 <0.001 8.5 1.9-38.7 104 (85%)

Familial history of 2 2 0.78 1.31 0.2-9.7 4 (3%)

thrombophilia

Materno-fetal infection 4 4 0.67 1.35 0.3-5.7 8 (6.5%)

Antenatal steroid 42 44 0.09 1.99 0.9-4.5 86 (70%)

injection

Dehydratation 21 20 0218 1.61 0.8-3.4 41 (33%)

Sepsis 18 23 0.88 1.06 0.5-2.3 41 (33%)

Necrotizing enterocolitis 2 3 0.89 0.88 0.1-5.5 4 (3%)

Table 4 Details of the liver ultrasonographical measurements

Ultrasound exam Day 45 Ultrasound 1 year Associated

diagnosis

Longitudinal right liver Longitudinal left liver = Left/right Longitudinal right liver Longitudinal Left/right

measurement (mm)/ measurement (mm) liver ratio measurement(mm)/ left liver liver ratio

inferior vena cava inferior vena cava measurement (mm)

30 28 0.93 46 45 0.98 Partial left PVT

40 33 0.83 52 37 0.71 Occlusive left PVT

30 27 0.90 55 22 0.40 Occlusive left PVT

40 25 0.63 55 25 0.45 Occlusive left PVT

32 26 0.81 49 33 0.67 Occlusive left PVT

US examinations. Left PVT remained clinically and biolo-
gically asymptomatic.

Except UVC, no other significant risk factor of PVT was
found. The global incidence of 43% of left PVT was con-
sistent to those previously reported in children with UVC:
32% in Yadav et al. [5], 34% in Sakha et al. [11], and 43%
in Kim et al. studies [12]. The differences could partially be
explained by the timing and frequency of US monitoring
and by size, location, and duration of the UVC. If the ductus
venosus is not always perfectly aligned to the umbilical
vein, the left portal vein may be the recipient of the UVC tip
during placement [19]. Although left venous portal throm-
bosis has occurred without any UVC, a peripheral position
of the UVC was significantly associated with higher rate of
PVT. The improper placement of the catheter should be
avoided and corrected as soon as possible.

We could recommend a control of the catheter position,
by ultrasonographic examination, or radiograph if unavail-
able, to be sure that the UVC is not terminating in the liver.
A short duration of use of UVC seems to limit the frequency
of PVT. In case of PVT during the use of a UVC, removing
the UVC was the first treatment and no anticoagulation
therapy was required. To our knowledge, there are no
evidence-based guidelines on anticoagulation treatment of
neonatal PVT (prophylactic use of heparin, thrombolytic
therapy, surgical thrombectomy) and its utility is still

debated [15]. Complementary to previous studies, we also
noticed a non-negligible proportion of PVT in children
without any UVC (10%).

At 1 year of follow-up, four infants had persistent
occlusive left PVT (2.8%) associated with left liver hypo-
trophy, still without clinical or biological significance or
risk factor. It seems possible that the lower size of the left
hepatic lobe could be explained by a lack of sufficient
arterial supplementation. We have noticed that during the
follow-up of our study, the left PVT did not extended to the
main portal vein but have planned a follow-up of these
infants to be sure that no delayed complications would
emerge.

A limitation is the modality of PVT diagnosis. US
examination was performed by one pediatric radiologist. US
examination is operator-dependent. Technical factors (skill
level of the radiologist, neonate cooperation, small size of
the structures, the presence of abdominal gas and anatomic
variations) may sometimes induce variability, but US
remains a useful non-invasive bed-side examination.

Conclusion

Left portal venous thrombosis was often observed in pre-
mature newborn children. UVC was a major risk factor. We
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could suggest a short duration of a UVC in the central
position with an US position control to limit the apparition
of PVT. No other risk factor of PVT or persistent PVT was
observed. In case of left PVT, a spontaneous favorable
evolution occurred in more than 90% of cases, without any
anticoagulation therapy, after removing the UVC. No clin-
ical or biological effect was observed, even in case of
persistent left PVT at 1 year of age.
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