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Abstract

BACKGROUND
The use of umbilical venous catheters (UVCs) in the perinatal period may be

associated with severe complications, including the occurrence of portal vein
thrombosis (PVT).

AIM
To assess the incidence of UVC-related PVT in infants with postnatal age up to
three months.

METHODS

A systematic and comprehensive database searching (PubMed, Cochrane Library,
Scopus, Web of Science) was performed for studies from 1980 to 2020 (the search
was last updated on November 28, 2020). We included in the final analyses all
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peer-reviewed prospective cohort studies, retrospective cohort studies and case-
control studies. The reference lists of included articles were hand-searched to
identify additional studies of interest. Studies were considered eligible when they
included infants with postnatal age up to three months with UVC-associated PVT.
Incidence estimates were pooled by using random effects meta-analyses. The
quality of included studies was assessed using the Newcastle-Ottawa scale. The
systematic review was performed according to the Preferred Reporting Items for
Systematic reviews and Meta-Analysis (PRISMA) guidelines.

RESULTS

Overall, 16 studies were considered eligible and included in the final analyses.
The data confirmed the relevant risk of UVC-related thrombosis. The mean
pooled incidence of such condition was 12%, although it varied across studies
(0%-49%). In 15/16 studies (94%), diagnosis of thrombosis was made accidentally
during routine screening controls, whilst in 1/16 study (6%) targeted imaging
assessments were carried out in neonates with clinical concerns for a thrombus.
Tip position was investigated by abdominal ultrasound (US) alone in 1/16 (6%)
studies, by a combination of radiography and abdominal US in 14/16 (88%)
studies and by a combination of radiography, abdominal US and echocardio-
graphy in 1/16 (6%) studies.

CONCLUSION

To the best of our knowledge, this is the first systematic review specifically invest-
igating the incidence of UVC-related PVT. The use of UVCs requires a high index
of suspicion, because its use is significantly associated with PVT. Well-designed
prospective studies are required to assess the optimal approach to prevent UVC-
related thrombosis of the portal system.

Key Words: Portal vein thrombosis; Umbilical venous catheter; Portal system thrombosis;
Hepatic thrombosis; Neonate; Incidence

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Portal vein thrombosis (PVT) is a dreadful complication that can occur after
umbilical vein catheterization in neonates. Although previous observational studies
have provided a general overview about the risk of this complication, the present
systematic review specifically investigates the incidence catheter-related PVT and
identifies relevant gaps in knowledge about the optimal diagnostic approach
highlighting the need for prospective randomized studies and updated guidelines.

Citation: Bersani I, Piersigilli F, Tacona G, Savarese I, Campi F, Dotta A, Auriti C, Di Stasio E,
Garcovich M. Incidence of umbilical vein catheter-associated thrombosis of the portal system:
A systematic review and meta-analysis. World J Hepatol 2021; 13(11): 1802-1815

URL: https://www.wjgnet.com/1948-5182/full/v13/i11/1802.htm

DOI: https://dx.doi.org/10.4254/wjh.v13.i11.1802

INTRODUCTION

The placement of an umbilical venous catheter (UVC) is a common procedure in
neonatology and has multiple clinical indications driven by the need for quick and
secure access for medication administration[1]. During placement, the UVC should
run through the umbilical vein, pass the medial portion of the left portal vein at the
umbilico-portal confluence, join the direct communication existing between the
umbilical vein and the ductus venosus and, through it, bypass the liver and join the
inferior vena cava[2,3]. The UVC has to be placed in a central position, ideally at the
junction between the inferior vena cava and the right atrium. If a central position is not
achieved, then the tip of the catheter can be left below the liver, i.e., below the level of
umbilical-portal confluence (peripheral position). The UVC in peripheral position can
be used as an emergency access, but it has to be replaced as soon as possible by a
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central venous catheter. To prevent UVC-related complications, a proper assessment of
catheter tip position is mandatory before its use. In fact, if the tip of the catheter is too
deep, it can cause complications such as thrombo-embolic disorders, arrhythmias, and
pericardial effusion. On the other hand, if the tip of the UVC is too low, then it can be
associated with necrotizing enterocolitis, colon perforation, hepatic abscess, and portal
vein thrombosis (PVT)[1,4-9]. Furthermore, if the ductus venosus is not perfectly
aligned to the umbilical vein, the UVC may unintentionally enter the portal system
through the left portal vein during placement and possibly lead to severe complic-
ations involving both the hepatic vasculature and parenchymall,2,5-8,10-16]. Such
liver complications may arise from multiple mechanisms including thrombosis of the
portal system vasculature, infusion of irritating drugs and/or hypertonic solutions
within the UVC leading to hepatic necrotizing direct mechanical injury[3,17-19].
Besides individual hereditary or acquired predisposing factors (such as prematurity,
hereditary prothrombotic disorders, sepsis, the need of transfusions, hyper-viscosity
syndrome, dehydration, asphyxia, congenital malformations efc.), whose actual role is
still debated([3,10,19-26], umbilical venous catheterization itself represents a risk factor
for the development of PVT[18]. In fact, multiple factors may explain the association
between UVC and PVT: The introduction of a foreign surface with thrombogenic
properties in a small diameter vessel, endothelial damage, and the well-known pro-
thrombotic predisposition typical of the neonatal period[27-29]. Symptoms/signs
suggestive of PVT may include unexplained thrombocytopenia, catheter-obstructed
fluid delivery, increased UVC in-line pressure, impaired lower body/extremity
perfusion, although PVT may remain completely asymptomatic[30,31]. When
persisting, PVT may inflict substantial damage to the liver leading to portal
hypertension, mainly related to the increased vascular resistance in the portal venous
system, and to liver atrophy[11,19,32].

In the present systematic review, we specifically focused our search attention on the
risk of UVC-related PVT. Although multiple observational studies have provided an
overview about the risk of PVT after UVC positioning, to the best of our knowledge no
reviews explored systematically this issue. Our aim was to investigate the most
accurate information about the actual incidence of UVC-related PVT in the neonatal
setting, and to assess if any particular risk factor was systematically associated with
the development of such complication.

MATERIALS AND METHODS

The review followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) reporting guidelines[33].

The PICOS strategy was used, which comprised the following (PRISMA):
Population: Infants with less than three months of postnatal age; Intervention (or
exposure): Umbilical venous catheter; Comparison: No catheter; Outcome (primary):
Incidence of PVT; Outcome (secondary): Association with a specific risk factor; Study
type: Peer-reviewed observational, cohort and case-control studies.

There was no funding agency for this study. The systematic review did not require
ethical approval/informed consent since there was no direct contact with individual
patients, and only previously published data were included in the analyses.

Outcomes

The primary outcome was the incidence of PVT related to the use of UVCs (UVC
only/attempted UVC/UVC + umbilical artery catheters) in infants with postnatal age
up to three months. The secondary outcome was the identification of any risk factor
associated with the development of UVC-related PVT.

Search strategy and selection criteria

The following search strategy was used: (portal OR vein OR system OR hepatic) AND
(thrombosis) AND (neonat* OR newborn OR pediatric¥) AND (catheter* OR
umbilical). For reliability, three review authors (Bersani I, lacona G and Piersigilli F)
independently analyzed the currently available literature through systematic and
comprehensive database searching (PubMed, Cochrane Library, Scopus, Web of
Science) from 1980 to 2020 (the search was last updated on November 28, 2020).
Reviews, in vitro studies, animal studies, autopsy studies and conference abstracts
were excluded. The reference lists of the included articles were hand-searched to
identify additional studies of interest. We obtained the full texts of all the potentially
eligible studies.
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Eligibility criteria

Three review authors independently undertook eligibility assessment (Bersani I,
Tacona G and Piersigilli F). Any disagreement about study eligibility was resolved by
discussion with a fourth review author (Garcovich M) until consensus. We considered
the studies eligible if they investigated the incidence of UVC-related PVT in infants
with postnatal age up to three months. For articles resulting eligible based on the title
or abstract, the full paper was retrieved. Case reports were considered not eligible for
the final analyses being the calculation of an incidence not possible for such study
design. Non-English studies were considered not eligible for the final analyses. We
finally included all peer-reviewed, English-language, prospective/retrospective cohort
studies and case-control studies.

Study quality assessment

To assess the risk of bias, two authors (Bersani I and Garcovich M) independently used
the Newcastle-Ottawa Scale for comparative nonrandomized studies corresponding to
each study’s design (cohort/cross-sectional)[34]. Such scale is a validated quality
assessment instrument for non-randomized trials which evaluates three parameters of
study quality: selection, comparability and exposure assessment. The scale assigns a
maximum score of 4 for selection, 2 for comparability, and 3 for exposure, for a
maximum total score of 9. Studies with a total score of > 5 or > 7 were considered to be
of moderate or high quality, whereas those with a score of less than 5 were considered
low-quality studies with high risk of bias. The scale results were tabulated in Table 1.

Data extraction

Three review authors independently performed data extraction (Bersani I, Iacona G
and Piersigilli F). Disagreements about data extraction were resolved by discussion
with a fourth review author (Garcovich M) until consensus. Pertinent findings from
the included studies were tabulated in Table 2 and assessed according to pre-specified
subgroups analyses: (1) Year of publication: 1980-2000 or 2001-2020; (2) Indication for
thrombosis assessment: Abdominal US as systematic screening or abdominal
ultrasound (US) only in case of a clinical concern for thrombosis; (3) Type of diagnostic
technique to detect tip position: Radiography or/and (US) evaluation; (4) UVC model:
UVC material, size (French), single or double lumen; (5) Thrombosis localization and
type: Exact localization within the portal system, complete or partial; (6) Dwell time:
Mean UVC in situ persistence (in days); and (7) Prophylaxis: None or heparin infusion
or other.

Statistical analysis

Because of high heterogeneity, pooled data on the incidence of UVC-related PVT were
analyzed using a random effects (DerSimonian and Laird method) model approach.
Statistical heterogeneity among studies was assessed with Cochran’s Q and quantified
with Higgins I?statistic[35,36]. We considered an I?of < 25% as low heterogeneity, I* of
25% to 75% as moderate heterogeneity and I> > 75% as high heterogeneity. Publication
bias was assessed graphically using funnel plots and qualitatively using Egger’s
regression and Begg rank correlation method. Statistical analysis was performed by
using the Statistical Package for Social Science (SPSS 22.0; SPSS Inc, Chicago, IL,
United States) and Microsoft Excel (Version 16.45).

RESULTS

The searches identified 2460 potentially relevant papers, 1835 after duplicates were
removed. After title and abstract screening, 53 full-text studies were considered
potentially eligible for inclusion and 37 studies were then excluded for the following
reasons: (1) Not relevant comparators (n = 23); (2) Non-English language (n = 3); and
(3) Wrong study design (n = 11) (Figure 1). Since the design/methodologies varied
among different studies, information was not uniformly available for all analyses. For
example, some studies could not be considered eligible, although pertinent, since the
exact incidence UVC-associated PVT and/or the exact site of a catheter-related
thrombosis and/or the exact age of patients with PVT could not be clearly
extrapolated from the results.

According to the Newcastle-Ottawa Scale assessing the risk of bias, all the included
studies were of moderate-high quality (Table 1). The characteristics and most relevant
findings of the included studies are summarized in Table 2[5,21,30-32,37-45]. Of the 16
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Table 1 Risk of bias assessment (Newcastle-Ottawa scale for non-randomized studies)

Ref. Selection Comparability Outcome Total score
Levit et al[42], 2020 4 2 3 9
Dubbink-Verheij ef al[31], 2020 4 2 3 9
Chen et al[15], 2020 4 0 3 7
Hwang et al[46], 2020 4 2 3 9
Cakar et al[38], 2020 4 0 3 7
Cabannes et al[32], 2018 4 2 3 9
Derinkuyu et al[5], 2018 4 0 3 7
Chandrashekhar et al[45], 2015 4 0 3 7
Michel et al[37], 2012 4 2 3 9
Gharehbaghi et al[39], 2011 4 2 3 9
Sakha et al[41], 2007 4 2 3 9
Turebylu et al[21], 2007 4 2 3 9
Kim et al[30], 2001 4 2 3 9
Boo et al[44], 1999 4 2 3 9
Schwartz et al[40], 1997 4 0 3 7
Yadav et al[43], 1993 4 0 2 6

Jaishideng®
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included studies, 14 were prospective and 2 were retrospective[15,46]. In some cases,
the information about the clinical features of the included population was generically
related to the overall cohort rather than specifically to neonates with UVC-related PVT
and could not be extrapolated.

In the present review a total pooled sample of 4509 of neonates aged less than three
months with UVC was included, 195 of whom experienced UVC-related PVT. The
sample sizes ranged widely across studies (median, 83 patients; range, 22-2017). Mean
gestational age and birth weight were 30.9 wk and 1738 g respectively, but it was not
possible to extrapolate these data from each study, since neonates with PVT sometimes
only represented a subgroup, whilst the available data mostly referred to the overall
cohort. Figure 2 presents the results of overall meta-analysis with a random effects
overall pooled-estimated incidence of UVC-related PVT of 12% [95% confidence
interval (CI): 5.91-20.16], with high heterogeneity [I* = 97.5% (95%Cl: 97.1%-97.9%)].
Figure 3 shows evidence of publication bias, as indicated by visual inspection of the
funnel plot and by the Egger test for small study effects for the primary outcome [bias
coefficient for the main analysis, 3.5309 (95%Cl: 1.983176-5.078624); P = 0.0002].

When investigating the pre-specified subgroups analyses, we found the following
data (Table 2): (1) Year of publication: Overall, 3/16 (19%) studies were published
between 1980 and 2000, whereas 13/16 (81%) between 2001 and 2020; (2) Indication for
thrombosis assessment: In 15/16 studies (94%), the diagnosis of thrombosis was made
accidentally during routine screening controls, whilst in 1/16 study (6%) targeted
imaging assessments were carried out in neonates with clinical concerns for a
thrombus. In most studies it was not possible to extrapolate mean age at the time of
PVT diagnosis (Table 2); (3) Type of diagnostic technique used to assess tip position:
Tip position was never assessed exclusively by radiography or echocardiography
alone, while it was investigated by abdominal US alone in 1/16 (6%) studies, by a
combination of radiography and abdominal US in 14/16 (88%) studies and by a
combination of radiography, abdominal US and echocardiography in 1/16 (6%)
studies. Only a minority of studies (3/16 studies, with a total number of 39/195
neonates) explicitly specified wrong tip position at the first imaging assessment, in
UVC-related PVT cases[32,37,39]. However, most of the studies did not provide such
information specifically for neonates who developed PVT, but rather for the overall
population. Follow-up imaging controls were scheduled differently across studies; (4)
UVC model: Information about UVC material, size and lumen number was only
specified by a minority of studies. When the information was available, the studies
reported the use of polyvinyl UVCs (n = 3/16) or polyurethane (n = 3/16) UVCs.
When described, UVC size varied from 2.5 French to 5 French; (5) Thrombosis
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Table 2 Characteristics of included studies

Stud uvCc uvC Dwel time Dwel time Indication to
Ref. desi yn with  without  UVC with UVC without UVC control Type of imaging Countryiterritory
9 PVT  PVT  PVT PVT
Levit et al[42], 2020  Prospective 1 2016 N/A N/A Clinical X-ray + US United States
Suspicion
Dubbink-Verheijet  Prospective 13 27 N/A N/A Screening X-ray + US The Netherlands
al[31], 2020
Chen et al[15], 2020  Retrospective 7 1320 N/A N/A Screening X-ray + US Taiwan
Hwang et al[46], Retrospective 15 54 N/A N/A Screening X-ray + US South Korea
2020
Cakur et al[38], 2020  Prospective 13 83 105£43" 12241 Screening X-ray + US Turkey
Cabannes et al[32], Prospective Bil 53 N/A N/A Screening X-ray + US France
2018
Derinkuyu et al[5],  Prospective 15 229 N/A N/A Screening X-ray + US Turkey
2018
Chandrashekhar et Prospective 3 27 N/A N/A Screening X-ray + US India
al[45], 2015
Michel et al[37], 2012 Prospective 2 59 N/A N/A Screening X-ray + US + France
Echocardiography
Gharehbaghi et al Prospective 5 159 N/A N/A Screening X-ray + US Iran
[39], 2011
Sakha et al[41], 2007  Prospective 17 33 2+1.12! N/A Screening Us Iran
Turebylu et al[21], Prospective 2 26 N/A 6 Screening X-ray + US United States
2007
Kim et al[30], 2001 Prospective 43 57 >6din >6din6/57  Screening X-ray + US South Korea
23/43
Boo et al[44], 1999 Prospective 0 57 N/A N/A Screening X-ray + US Malaysia
Schwartz et al[40], Prospective 1 99 8 4 (0-12) Screening X-ray + US United States
1997
Yadav et al[43], 1993 Prospective 7 15 N/A N/A Screening X-ray + US India

IResults are expressed as mean + SD, if reported.
%Results are expressed as median (range), if reported.
UVC: umbilical venous catheter; PVT: portal vein thrombosis; N/ A: Not applicable; US: Ultrasound (abdominal).

localization and type: Only a minority of studies specified PVT exact localization
within the portal system. When reported, the left portal vein was the most frequently
involved. Similarly, only a minority of studies (in a total number of 84/195 neonates)
specified if PVT was complete or partial[5,30,38-41]. According to the available data,
PVT was complete in 27/84 (32%) cases and partial in 57/84 (68%) cases; (6) Dwell
time: Only a minority of studies reported explicitly the mean UVC dwelling time in
neonates with PVT (since most of the studies provided mean dwelling time for the
overall population); and (7) Prophylaxis: Only 6/16 (37%) studies reported a prophy-
lactic administration of heparin[21,38,39,42,44,46].

DISCUSSION

To the best of our knowledge, this is the first systematic review specifically invest-
igating the issue of UVC-related PVT. One of the most important limitations that
emerged when reviewing the scientific literature was the extreme heterogeneity of
study designs across the investigated studies (Table 2 and Figure 3).

As a whole, the data achieved by our systematic review confirmed the relevant risk
of PVT associated with umbilical catheterization. The mean reported pooled incidence
of neonatal UVC-related PVT among studies was 12%, with a range which varied from
0% to 49% from study to study (Figure 2). Such large difference might be attributed to
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Figure 1 Flow-chart of study selection process.
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multiple factors, including the different indication to imaging diagnostics, the different
imaging time schedules, the heterogeneous UVC size/position/duration, and the
proportion of preterm/term neonates[30,40,43]. Moreover, the time frame of research
and publication may have influenced the incidence of UVC-related PVT as well. In
fact, across literature, PVT was more frequently reported in the most recent studies.
For example, a large multicenter registry assessing all thrombotic events occurring
between 1989 and 1992 in 22 Canadian and 42 international centers from Europe,
Australia and United States, recorded only 97 thrombotic events but did not explicitly
report any case of PVT at all[47]. In contrast, a more recent large multicenter survey
which included 187 children with a diagnosis of PVT (mean age at diagnosis: 4 years)
reported a history of neonatal UVC placement in 65% of cases[19]. The higher
incidence of PVT in recent years might be explained by the fact that clinicians are more
aware of the thrombotic risk associated with the use of UVC and are more attentive to
its detection. Furthermore, advances in US techniques make the detection of PVT
easier.

The scientific literature emphasizes that UVC-related PVT is mostly related to
improper tip position. Considering the small distance required for an UVC to become
dislodged, UVC may migrate into the portal vein even following an initial proper
positioning[2,15,16,42,48-52]. Therefore, tip location must be verified with accuracy not
only soon after placement but also at regular intervals throughout time[30,31]. For this
purpose, US is the ideal tool to check the position of the tip, since it is easy to perform
for clinicians, it can be done at bedside and is not invasive for the patient.

When reviewing the literature, we found differences regarding the indication for US
assessment, i.e., systematic surveillance in asymptomatic neonates with history of
UVCs vs targeted diagnostic test in neonates with clinical concerns for a thrombus.
However, in the studies which were finally included in the analyses, UVC-related PVT
was mostly asymptomatic and only detected thanks to systematic imaging
surveillance. Levit ef al[42] found that in their neonatal unit, where routine US
screening for PVT was not conducted, the rate of clinically identified thrombi was only
0.15% of all UVCs placed and 1.1% of all UVC-associated complications. On the other
hand, Kim et al[30] found clinically silent PVT after UVC placement in 43% of critically
ill neonates undergoing systematic US assessment. This indicates that UVC-related
PVT might be largely underestimated if not properly investigated[42], once more
confirming the need for routine imaging screenings in all neonates with UVC to
exactly determine the incidence of UVC related PVT. Notably, PVT might also be
associated with short- and long-term severe complications, deserving meticulous
clinical evaluation[5,15].
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Figure 2 Forest plot showing the incidence of umbilical venous catheter-related portal vein thrombosis. PVT: Portal vein thrombosis; Cl:
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According to the results of our systematic review, UVC-related PVT was reliably
investigated by US assessment. Nevertheless, we found large discrepancies across
studies concerning data presentation. As described above in the text, only a minority
of studies reported the exact thrombus position/extension within the portal system
and if the occlusion was partial/complete. After PVT detection, imaging follow-up
controls were performed with heterogeneous time schedules across studies. As a
whole, however, the data confirmed that US is a valid, non-invasive, bed-side
diagnostic technique for PVT detection. But whereas assessment of tip position is easy,
requires a minimal training, and can be performed by the neonatologist bedside,
detection of PVT at an early stage usually warrants a higher degree of US expertise.
Besides the skill level of the radiologist/neonatologist, correct US examination might
also depend on further technical factors (neonatal cooperation, abdominal gas
distension, clinical instability, small-sized anatomical structures etc.) which may
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influence the assessment.

A meticulous assessment of UVC tip position is needed to decrease catheter-related
complications. Radiography is the most widely used technique to assess and follow-up
UVC tip location[53,54]. However, most of the studies used only the anteroposterior
view to assess tip location, although such view alone is not able to safely define the
correct UVC tip position[54]. In case of wrong tip position within the portal system,
radiography may show: (1) The tip below the diaphragm (below the vertebral body
T10), overlying the liver; (2) Portal venous gas; and (3) Hypodiaphan lesions in the
liver if fluid extravasation into liver parenchyma occurred[2,9,10,12,13]. However,
radiographic assessments expose neonates to repeated ionizing radiations. US
evaluation can be used in daily practice to check UVC tip position as well as the
possible occurrence of UVC-associated hepatic complications. In fact, point-of-care US
is able to assess in real-time UVC navigation and tip position during catheter
placement[55]. Once UVC is correctly in place, US is the technique of choice to detect
the development of UVC-related liver complications[5,30,31,53,56,57]. US and Doppler
findings demonstrating hepatic complications include: (1) Detection of air in the portal
venous system; (2) Portal venous thrombosis with impaired vascular patency; and (3)
Liver parenchymal lesions presenting as nodular echogenic lesions/branched
echogenic lesions/wide irregular heterogeneous lesions with laceration and the
presence of peri-hepatic fluid[2,5,9,10,32]. Data exist comparing the ability of
radiography and sonography to assess UVC positioning. A recent study found that US
testing of UVC placement was able to identify catheter location in 100% of cases when
compared to radiographic assessment[57]. Moreover, US is more accurate in the
assessment of tip position compared to an estimation of catheter position achieved by
its relationship to external structures on a radiograph[9,37,54,58]. Echocardiographic
evaluation of UVC tip position was also assessed with success in recent years,
although most studies focused on its ability to detect intra-cardiac abnormal tip
position or atrial/inferior vena cava thrombosis, considering its limited ability to
detect thrombi outside of the thoracic great vessels[24,59-62].

To date, the latest guidelines recommend the removal of UVCs after 7-10 d,
although some authors reported an UVC in situ duration up to 28 d, once more
proving how the management of UVCs is highly heterogeneous|[4,22,24,38,42,61,63,
64]. Unfortunately, the mean UVC dwell time in neonates with PVT was explicitly
reported only by a minority of the included studies. Some authors found comparable
UVC duration both in neonates with or without PVT[38-40], whilst in a large
prospective study Kim et al[30] found an increased risk of PVT with a dwell time
longer than 6 d. Noteworthy, PVT occurrence may develop soon after UVC position,
as demonstrated by studies describing its detection already 12 h after placement[37]. It
could be put forward that the presence of an UVC may itself represent a trigger for
PVT development, presumably by raising vascular pressure in the ductus venosus and
slowing down blood flow[18], and that such risk may eventually increase if catheter-
ization persists. Such hypothesis deserves proper validation and large randomized
controlled trials are warranted to achieve conclusive data about the benefits of early
UVC removal.

Only a minority of studies described the occurrence of difficult or failed umbilical
catheterization[30,65]. Considering that traumatic catheterization and/or failed
insertion may induce vasculature injury and predispose to PVT by damaging the
endothelial wall and decreasing portal flow[8], also the occurrence and number of
failed attempts to UVC placement may play a role in PVT development and should be
therefore considered either when programming diagnostic/follow-up controls for PVT
or in the design of future studies.

The studies included in the final analyses reported the use of different models of
UVCs, but unfortunately several studies did not specify the UVC model at all. Today,
the most used UVC are dedicated catheters in polyurethane or in polyvinyl chloride
but in the past several units used nasogastric tubes for venous umbilical catheter-
ization. Furthermore, most of the studies did not specify the size and the number of
lumens of the catheters that have been used. The use of different UVC
models/materials may have influenced the incidence of UVC-related PVT in each
study.

Concerning the presence of hereditary risk factors, the literature is, once more, quite
vague and inconclusive. Turebylu et al[21] evaluated prospectively the prevalence of
hereditary prothrombotic mutations in neonates with umbilical catheterization
developing thrombotic lesions (including two cases of PVT). Interestingly, the authors
found no increase in the risk of catheter-related thrombosis in patients carrying such
prothrombotic mutations. In contrast, Heller et al[25] found that among 65 neonates, 24
of whom had PVT, the rate of genetic prothrombotic risk factors was higher than
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healthy, age-/sex-matched controls.

Sepsis was suggested as possible risk factor for pediatric PVT development[3,66,
67]. However, only a minority of patients affected by PVT presented with infection[3].
Furthermore, as for the studies included in the present review, only a minority of
authors explicitly reported the presence of sepsis in case of PVT.

Recently, Hwang et al[46] reported for the first time significantly higher serum
calcium concentrations in infants with umbilical catheter-related thrombosis. The
authors assessed that such finding may reflect a possible role of calcium as a clotting
factor leading to a hypercoagulable state. Further evidence is however required to
confirm these results.

Only a minority of the studies included in our review reported a prophylactic
treatment with heparin which, moreover, varied in terms of dosage[21,38,39,42,46].
After UVC-related PVT development, spontaneous resolution may often occur in
UVC-related PVT, but this warrants close monitoring to determine either progression
or resolution of the thrombus[21,30,32,40,46,64,68-70]. However, in case of thrombus
extension with occlusion of the portal venous tract or clinical deterioration, antith-
rombotic therapy with unfractionated or low molecular weight heparin can be
considered[64,68,70,71]. Kim et al[30] investigated prospectively the occurrence of
UVC-related PVT in 100 neonates by subsequent US assessment. The authors found
that 43% of neonates had a clinically silent PVT and reported complete resolution in
56% of neonates at follow-up controls, with recanalization being more frequent in
neonates with partial rather than occlusive thrombi. Cabannes et al[32] investigated
prospectively the occurrence of PVT in a cohort of patients including preterm
neonates. PVT occurred in 53/123 of which 51 had an UVC. In these cases, the authors
reported a spontaneous favorable evolution of left PVT in 95% of cases. In a
prospective observational study, Dubbink-Verheij et al[31] investigated by serial US
evaluations the incidence of catheter-related thrombosis in neonates with UVCs
compared to a control group of neonates without UVC. The authors found the
presence of thrombotic lesions in the UVC route in 30/40 cases (75%), of which 13 in
the portal vein system. Most of the thrombotic lesions were asymptomatic and
regressed spontaneously, whilst a minority required treatment with heparin. In
contrast, Derinkuyu et al[5] treated with low-molecular-weight heparin all neonates
with a diagnosis of UVC-related PVT (all described as asymptomatic). This hetero-
geneous approach may reflect the absence of solid evidence about safety/efficacy of
antithrombotic therapy specifically addressing the neonatal period.

Our systematic review has multiple limitations, mostly attributable to the hetero-
geneity across studies. First, the intrinsic limitation of having included either
retrospective studies or “old” studies (from 1980 onwards), i.e., performed at time-
points during which clinical approach to patients and awareness about PVT was
presumably different compared to more recent studies. Second, the lack of correlation
between PVT and UVC tip position in most studies. Third, the different study designs
regarding the indication and time schedule for imaging assessment. Fourth, the
different approach of clinicians about the use of prophylactic/therapeutic treatment in
neonates with indwelling UVCs.

CONCLUSION

In conclusion, the use of umbilical lines requires a high index of suspicion for PVT
development, especially if considering that the need for an UVC obviously preselects
ill newborns in whom multiple risk factors for the development of thrombotic
disorders may coexist. To avoid or minimize the risk of PVT, some crucial key-points
have to be followed, as checking the correct position before infusing in the catheter,
checking again the correct tip position every 48 h, and removing the UVC after a
maximum of 7 d.

As a whole, this systematic review revealed relevant gaps also in knowledge about
the optimal diagnostic approach and treatment for UVC-related PVT, maybe related to
the lack of updated, evidence-based guidelines addressing step-by-step all the aspects
of what the best approach to the management of this complication should be.
According to our opinion, this represents a call to action addressed to researchers and
clinicians to design large prospective randomized studies and to draft specific,
concrete and updated guidelines.
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ARTICLE HIGHLIGHTS

Research background
The use of umbilical venous catheters (UVCs) in the perinatal period may be

associated with severe complications, including the occurrence of portal vein
thrombosis (PVT).

Research motivation
Although multiple observational studies have provided an overview about the risk of
PVT after UVC positioning, no studies/reviews explored systematically this issue.

Research objectives

The main goal was to investigate the most accurate information about the actual
incidence of UVC-related PVT in the neonatal setting, and to assess if any particular
risk factor was systematically associated with the development of such complication.

Research methods

A systematic and comprehensive database searching (PubMed, Cochrane Library,
Scopus, Web of Science) was performed for prospective cohort studies, retrospective
cohort studies and case-control studies from 1980 to 2020. Incidence estimates were
pooled by using random effects meta-analyses. The quality of included studies was
assessed using the Newcastle-Ottawa scale.

Research results

Sixteen studies were considered eligible and included in the final analyses. The data
confirmed the relevant risk of UVC-related thrombosis with a mean pooled incidence
of 12%, although it varied across studies (0%-49%).

Research conclusions

This is the first systematic review specifically investigating the incidence of UVC-
related PVT. The use of UVCs requires a high index of suspicion, because its use is
significantly associated with PVT.

Research perspectives
Large prospective randomized studies and updated guidelines are warranted in order
to define the best management of this dreaded complication.
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