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Summary
Neonatal renal vein thrombosis (RVT) is a well-recognized
clinical entity which is associated with serious morbidity. However, current information regarding RVT has been restricted to
case reports and small case series. In this study, it was our
objective to describe patient demographics, clinical presentation, location and risk factors of RVT. For our study design, we
looked at a case series of 72 neonates with RVT referred to the
1-800-NO-CLOTS consultation service between 9/1996 and
8/2001. Data on age, gender, associated conditions, prothrombotic disorders, family history, location of the thrombosis, diagnostic techniques, and treatment were prospectively recorded
using a standardized form. Our results show that RVT affected
males (65%, CI 52-76%) significantly more often than females
(35%, CI 24-48%). Median age at presentation was 2 days (0-21
days). RVT was unilateral in 72% (left side: 67%, CI 49-81%; right

side: 33%, CI 19-51%), and bilateral in 28%.The majority (83%)
had at least one associated condition: Prematurity (54%), central venous lines (17%), a diabetic mother (13%), asphyxia (6%),
infections (6%). Prothrombotic testing was performed in 21
neonates. Activated protein C resistance was found in 8
children (38%), other defects in three. This is the largest case
series of neonatal RVT to date. Data from the study show that
i) male infants are affected twice as often as females and ii)
there appears to be a left-sided predominance of neonatal RVT.
Neonatal RVT is only infrequently associated with the presence
of a catheter as compared to thrombosis at other sites. The
majority of infants have associated conditions with prematurity
being most frequent. A small subset of neonates were screened
for prothrombotic abnormalities and 50% of the children
screened were positive.
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Introduction
Renal vein thrombosis (RVT) is one of the more common forms
of neonatal thromboembolism (TE) accounting for 15-20% of
systemic TE (1, 2). However, current knowledge about neonatal
RVT is derived exclusively from case reports and small case
series lacking sufficient power to delineate all aspects of RVT
(3).

Neonatal RVT appears to result in significant long-term
morbidity (4-8). Little is known about safety and efficacy of
treatment of neonatal RVT. The considerable morbidity resulting from neonatal RVT warrants clinical trials investigating
appropriate anticoagulant therapy. However, before embarking
on clinical trials, more data on the clinical presentation and risk
factors of the disease are needed in order to target populations
at increased risk for complications.
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Data in the current manuscript were collected from the
1-800-NO-CLOTS database, which is a part of a free consultation service for pediatric TE. Because of the relatively recent
recognition of TE in children, there is a serious lack of available
information in relation to appropriate diagnosis, prevention and
clinical management. This lack of information in the setting of
a quickly growing clinical entity, left many clinicians with
insufficient tools for providing the best clinical management. A
need existed for distribution of therapeutic guidelines based on
best available evidence. Therefore, the 1-800-NO-CLOTS
consultation service was initiated in 1994 with the two-fold goal
of i) dissemination of the best available information on management of pediatric TE and ii) collection of data on the epidemiology of TE in a large cohort of pediatric patients (9). Free
consultations were provided by telephone and the information
on children was collected and entered into a centralized database. Between September 1996 and August 2001, 1776 children
with systemic TE were reported to the 1-800-NO-CLOTS
service (Kuhle et al., submitted for publication). Twenty-six
percent (n=464) of all children reported during the study period
were neonates with TE.
In the current paper, data are presented on patient demographics, clinical presentation, location and risk factors of
neonatal RVT from a case series of 72 neonates from the 1-800NO-CLOTS registry.

Methods
Data collection
The 1-800-NO-CLOTS service was managed by two pediatric
hematologists (M.A., P.M.) trained in adult thromboembolism,
who were available 24-hours-a-day, seven-days-a-week. The
service was free to callers. Consultations consisted of personal
communication and provision of therapeutic protocols and/or
pertinent scientific literature. Data on all calls were collected
consecutively using a standardized two-page data sheet which
was filled out immediately. The data sheet consisted of closedended and partially close-ended questions. The questions on the
data sheet were developed based on the clinical experience of
Dr. Andrew as well as on the results from the Canadian
Pediatric Thrombosis Registry (1, 10).
The partially close-ended questions included identification
of the caller including address and subspecialty, patient age,
history, underlying diseases, and location of thrombosis and
vessels involved.
The close-ended questions (yes/no or multiple choice)
included gender, history of thrombosis including family history,
conditions associated with an established increased risk for
thrombosis (antithrombin / protein C / or protein S deficiency;
activated protein C [APC] resistance; antiphospholipid antibodies; hyperhomocysteinemia), presence of a central catheter,

imaging techniques, and previous anticoagulant therapeutic
interventions that the patient had received.
The questions asked by the caller as well as the recommendations for diagnosis and therapy and protocols that were given
to the caller were also recorded.
Anonymized data were entered into a computer database
(SPSS 8.0 for Windows, SPSS Inc., Chicago/IL). All RVT
reported were confirmed by at least one objective test.
Testing for prothrombotic markers was performed in the
callers’ institution and normal ranges generated by their labs
were used as basis for diagnosis of a deficiency. In the instance
that no local normal ranges were available, coagulation
reference values used to assess the neonates in the current study
were those published by Andrew et al. (11, 12). For hyperhomocysteinemia, a cut-off level of 8 µM/l was used.
Treatment recommendations were based on the following
approach: supportive care alone for unilateral RVT without
extension into the inferior vena cava (IVC) and in the absence
of renal failure; heparin for unilateral RVT with extension into
the IVC or for bilateral RVT because of the risk of pulmonary
embolism; fibrinolytic therapy for bilateral RVT and impending
renal failure (13). This approach was individualized for every
patient at the discretion of 1-800-NO-CLOTS responder.
Fischer’s exact test was used to test for differences between
the subgroups of neonates with and without a prothrombotic
work-up. A p-value < 0.05 was considered significant.
The study was approved by the Ethics Review Board of the
Hospital for Sick Children, Toronto, Canada.

Results
During the study period, callers reported 1776 children presenting with systemic TE. Twenty-six percent (n=464) of all
children reported during the study period were neonates. Renal
vein thrombosis accounted for 16% of neonatal TE. All patients
were exclusively identified by clinical presentation with
symptoms of RVT. The RVT were always confirmed by at least
one objective imaging test.
Caller characteristics
Pediatric hematologists placed 63% (n=45) of calls. Thirty-two
percent of callers (n=23) identified themselves as neonatologists, 6% (n=5) as other specialists. The majority of calls (88%)
came from North America, 76% (n=55) from the USA, 11%
(n=8) from Canada. Europe and Australia/New Zealand
represented 8% (n=6) of callers.
Patient characteristics
Renal vein thrombosis affected males (65%; 95% CI 52-76%)
significantly more often than females (35%; 95% CI 24-48%).
The median age at presentation was 2 days (0-21 days). Two
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cases of RVT were diagnosed antenatally, 43% on the first day
of life, and 77% within the first week of life. Fifty-four percent
(n=38) of the neonates were born preterm (median gestational
age 34 weeks, range 25-36 weeks).
Presentation
All neonates had clinical symptoms of RVT that lead to an ultrasound examination for confirmation of the diagnosis. Details on
the presentation of RVT were reported in 34 neonates of the
series: 50% had hematuria; a palpable abdominal mass was
present in 41%; thrombocytopenia was found in 29%; 18% had
increased blood pressure. Of the six infants with increased
blood pressure, three had bilateral RVT. Renal insufficiency
(anuria/oliguria or high creatinine) was reported in 10 (14%)
neonates at the time of the call, seven of which had bilateral
RVT. Concomitant adrenal hemorrhage was reported in 2
neonates with left-sided and bilateral RVT, respectively.
Location
The RVT was unilateral in 72% (left side: 67%, CI 49-81%;
right side: 33%, CI 19-51%), and bilateral in 28%. Other vessels
were affected in 72% (n=52) of neonates with the inferior vena
cava being most frequently involved (60%; n=43). Concurrent
systemic arterial TE was found in four cases, arterial ischemic
stroke in five cases, and sinovenous thrombosis in one case.
One patient suffered from pulmonary embolism.

Associated conditions
The majority (83%) had at least one associated condition:
prematurity (54%), central venous lines (17%), a diabetic
mother (13%), asphyxia (6%), infections (6%). A positive
family history for thrombosis was present in 12% of patients.
Prothrombotic testing was performed in 21 neonates. APC
resistance and/or heterozygous Factor V Leiden mutation was
found in 8 children (38%), homozygous prothrombin G20210A
mutation in one, combined defects in two. The 21 neonates who
were tested for prothrombotic disorders did not differ significantly from those who were not tested in terms of family history, disease severity, or presence of exogenous factors. In
neonates with exogenous triggers, 7/16 (44%) infants tested had
at least one prothrombotic risk factor. In those with spontaneous
RVT, 3/4 (75%) had at least one prothrombotic risk factor.
Diagnosis and treatment
The majority of RVT (99%) were diagnosed by ultrasound. At
the time of call, 59% of the neonates had not received any form
of treatment. In the remaining children, unfractionated heparin
was begun in 14%, low molecular weight heparin (LMWH) in
25%, and lytic therapy in 10%.
Of the seven neonates that had received lytic therapy, three
had involvement of the IVC, three had bilateral RVT, and one
had unilateral RVT.
The treatment initiated before the call and the treatment
suggested by 1-800-NO-CLOTS are summarized in Table 1.

Table 1:Treatment data of 72 neonates
with renal vein thrombosis reported to
the 1-800-NO-CLOTS service.
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Questions asked by the callers
Forty-two percent (n=30) of the callers asked if the RVT in
question required treatment at all. How to treat the RVT was
asked in 39% (n=28) of cases. Seven (n=5) and six percent
(n=4) of the callers asked specific questions about how to use
anticoagulants and fibrinolytics, respectively. The duration of
treatment was asked for in 15% (n=11) of cases. Four (n=3) and
six percent (n=4) of the callers had questions about the further
radiographic and/or prothrombotic work-up of the patient.
Outcome
Five callers reported the long-term outcome to the service: One
neonate with unilateral RVT, IVC involvement, and renal insufficiency died of a cerebral hemorrhage following treatment
with tPA. In three infants, RVT resolved and kidney function
normalized after treatment with tPA (n=2) and LMWH (n=1).
One neonate with bilateral RVT and IVC involvement remained
with an atrophic left kidney despite treatment with LWMH.

Discussion
The current paper represents the largest prospective case series
of neonatal RVT to date. Data from the study show that i) male
infants are affected twice as often as females and ii) there
appears to be a left-sided predominance of neonatal RVT. The
majority of cases are diagnosed on the first day of life. Renal
vein thrombosis in the newborn is only infrequently associated
with the presence of a catheter as compared to thrombosis at
other sites. In the majority of cases, affected infants have associated conditions, with prematurity being the most frequent. A
small subset of neonates were screened for prothrombotic
abnormalities, and 50% of the children screened were positive.
Neonatal RVT is a well-recognized clinical entity. Data
from the Canadian neonatal thrombosis registry demonstrated
that RVT accounts for about 20% of TE in neonates (1). In keeping with this finding, 16% of neonatal TE in the 1-800NO-CLOTS registry were located in the renal veins. Data in the
literature regarding gender distribution in neonatal RVT are
controversial. While the current study as well as the German
neonatal thrombosis registry found that male infants are significantly more often affected than female infants, other case series
did not find any gender difference (8, 14). However, sample
sizes of previous studies were probably too small to detect a
difference. The reasons for the male predominance remain yet
to be clarified. However, it may be speculated that there are
gender-related differences in renal perfusion that might increase
the risk for RVT in male fetuses.
The majority of neonates in the study had associated
conditions, with more than 50% of cases being premature. In
addition, most cases of neonatal RVT were diagnosed on the
first day of life. Early presentation of neonatal RVT has also
been reported by other authors (3, 5, 8). A plausible interpreta-

tion for these observations is that a significant number of RVT
occur antenatally. The in utero occurrence of RVT may cause
fetal distress and potentially lead to premature birth. Because of
the association of neonatal RVT with prematurity and fetal
distress, the latter are often considered risk factors for RVT. In
fact, both prematurity and fetal distress may actually be caused
by, rather than consequences of, RVT.
The left-sided predominance of neonatal RVT has not been
reported previously (3). The observation may be explained by
the anatomical course of the left renal vein underneath the aorta.
Left-sided RVT is occasionally associated with ipsilateral
adrenal hemorrhage (15), as seen in two of the patients in the
present study. In these cases, adrenal hemorrhage probably
occurred as a result of extension of the thrombus into the left
adrenal vein which drains into the renal vein on the left side.
In the current study, neonatal RVT was associated with the
presence of a catheter in almost 20% of the cases. Previously,
RVT has primarily been considered a non-CVL-related form of
TE (1). In “classic”, non-CVL-related RVT, thrombus formation
occurs in the small vessels of the kidney and may extend into
the renal vein and IVC. In the neonates with CVL-related RVT
in the current study, the thrombus most likely formed first in the
vessel adjacent to the CVL and then extended into the kidney.
This observation may have implications for the management of
neonatal RVT as treatment and prognosis may differ. The risk
for pulmonary embolism may be higher with CVL-related RVT
because of the affection of the IVC. On average, neonates with
CVL-related RVT in this study were older than the neonates
with non-CVL related RVT (data not shown).
Hereditary prothrombotic risk factors may also have a role
in the pathogenesis of neonatal RVT. In the current study, only
a small subset of neonates (29%) were screened for prothrombotic abnormalities and 50% of the children screened were
positive. Testing for prothrombotic disorders was performed at
the discretion of the attending physician before consultation
of 1-800-NO-CLOTS. The subgroup of patients tested for
prothrombotic disorders appeared not to represent a more
severely affected subgroup. However, patients without exogenous triggers were more likely to have a positive prothrombotic test result than those with an underlying disorder albeit the
numbers were too small to reach statistical significance. Also, it
cannot be excluded that patients were reported to the service
because of their prothrombotic disorder and thus are overrepresented. This is reflected by the finding that in neonates with a
positive prothrombotic test, about half of the callers asked about
the duration of anticoagulant therapy given the prothrombotic
risk factor found (data not shown). Hence, the role of prothrombotic factors in the management of RVT remains to be clarified
and the incidence found in the present study should not be
generalized.
There are no evidence-based guidelines for treatment
of neonatal RVT (13). The lack of information on appropriate
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clinical management is indicated by the fact that almost 2/3 of
children where not treated at the time of the call. In fact, the
reason for the calls where requests for a consultation from the
1-800-NO-CLOTS service on whether and how to treat these
children. In the remaining children, 1/4 where treated with low
molecular weight heparin, and 1/10 where treated with either
unfractionated heparin or lytic therapy. Remarkably, the use of
lytic therapy was not correlated to disease severity. The uncertainty and heterogeneity in approach to treatment highlights the
absence of proper clinical studies in this area.
There are some potential limitations to the data presented
here that need to be acknowledged. Given the nature of the
1-800-NO-CLOTS service, a referral bias towards more severe
and complicated cases cannot be excluded. However, the
presentation and extension of RVT in the present study does not
differ greatly from previous reports (4, 7, 8). The neonates
reported represent a mostly North American population, and
results may differ from those of other populations. Finally, a
problem inherent to the study design is the lack of outcome data
for the patients presented. The outcome reported in five
neonates in the current study is likely biased, and does not allow

any conclusion about safety and efficacy of treatment. Future
studies are necessary to assess outcomes of neonatal RVT.
In conclusion, neonatal RVT affect males more often, are
unilateral showing a left-sided predominance, present on the
first day of life, are associated with an underlying disorder such
as prematurity, and are not commonly associated with an
indwelling catheter. Treatment modalities are heterogeneous in
these patients. Carefully designed clinical trials are needed to
determine the best treatment for neonatal RVT.
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