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ABSTRACT

Renal vein thrombosis is a complication that occurs in neonates with various
underlying risk factors. It carries a grave prognosis for affected kidneys. Anticoag-
ulant and fibrinolytic therapies have been promoted in the past with anecdotal
success in some circumstances. However, prospective controlled trials are still
lacking, and to date there have been no evidence-based guidelines available for the
treatment of neonates with renal vein thrombosis. We retrospectively reviewed all
the available medical literature pertaining to renal vein thrombosis published in
English during the past 15 years. A total of 271 patients from 13 case series were
identified by using the terms “renal vein thrombosis” and “neonates” via PubMed
and Cochrane Library searches. Data then were extracted from each of the studies
for analysis. During the past 15 years, a male predominance (67.2%) in neonatal
renal vein thrombosis has been reported. More than 70% of patients had unilat-
eral renal vein thrombosis, which was more prevalent on the left side (63.6%).
The thrombus involved the inferior vena cava and was associated with adrenal
hemorrhage in 43.7% and 14.8% of neonates, respectively. Forty percent of the
patients were treated conservatively with supportive care alone. Among those
patients who received anticoagulation therapy, unfractionated heparin and low
molecular weight heparin were used alone in 21.6% and 20.7% of the patients,
respectively. Fibrinolytic treatment alone was used in 11.2% of the patients. Only
a minority of patients were treated with antithrombin (1.7%), warfarin alone,
(0.9%) or underwent surgical intervention (0.3%). The majority (70.6%) of the
involved kidneys became atrophic. A total of 9 neonates died with non-renal vein
thrombosis-related conditions during the study period. Evidence-based recom-
mendations on treatment cannot be made at the present time. Cooperative pro-
spective studies that involve multiple centers are needed to elucidate the optimal
treatment for neonatal renal vein thrombosis.
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THE EXACT INCIDENCE of renal vein thrombosis (RVT)
in neonates is difficult to determine, because large-
scale population-based epidemiologic studies are lack-
ing. It has been reported to occur in 0.5 per 1000 admis-
sions to NICUs according to a large international
registry.! On the other hand, a recent study from Ger-
many suggested that the incidence of symptomatic RVT
in neonates was at least 2.2 per 100 000 live births.2
Since the systematic and detailed review on the hemo-
static complications of pediatric renal disease by Andrew
and Brooker*> more than 10 years ago, multiple case
series and reports on neonates with RVT have been
published. We reviewed the available English-language
medical literature pertaining to neonatal RVT over the
past 15 years to analyze and examine the data that are
currently available on this neonatal disease. We in-
tended to evaluate the efficacy of our current manage-
ment strategies and identify potential improvement in
the care of neonates with RVT.

METHODS
We searched the PubMed database from the National
Library of Medicine using the keywords “renal vein
thrombosis” and “neonates” with the limits set to only
English-language articles and those that involved hu-
man subjects. An additional search was performed via
the Cochrane Central Register of Controlled Trials and
the Cochrane database of systemic reviews (Issue 4,
2006). We included all case reports and case series that
were published in English from January 1992 to Decem-
ber 2006 that reported neonates with RVT. We excluded
studies that contained discussion related to neonatal
RVT but did not report on an actual case and those
reports with 2 or fewer patients. Because the diagnostic
criteria of RVT were not clearly stated in every study, we
could not scrutinize the accuracy of the diagnosis of each
reported case.

Data were extracted from individual studies onto a
spreadsheet (Excel; Microsoft, Redmond, WA) for addi-

tional analysis. Because the design and methodologies
used varied among the studies, some did not have all the
information that we intended to analyze. Data are in-
cluded in the analysis if they were actually described in
the study; if a test was not mentioned in the study, the
result was entered as unknown.

RESULTS

The search strategies identified 77 publications; 64 were
excluded from analysis. Thirty-seven of those reports
were excluded because the number of cases included
were 2 or fewer.**° One case series, reported by the
1-800-NO-CLOTS registry,*! was also excluded from the
study because of the potential overlap of patients from
other reported cases. Another case series of 23 children
with RVT was also excluded*? because 4 of the patients
presented after the neonatal period but could not be
removed from the aggregate analysis. As a result, a total
of 13 case series were included for analysis.!24->> All of
the reported cases had objective documentation of RVT
from ultrasound.

Patient Characteristics

Table 1 describes the studies that were included in our
review. A total of 271 neonates were included, with a
male predominance (67.2% [127 of 189]). Figure 1 de-
picts the time of onset of RVT. Although all the patients
were diagnosed to have RVT within the first month of
life, detailed information on the exact time of disease
onset was not available from all studies. However, data
compiled from studies with that information show that
7.3% (6 of 82), 67.1% (55 of 82), and 25.6% (21 of 82)
of the neonates presented in utero, within 3 days, and
more than 3 days after birth, respectively. Most of the
patients were born at term (71.3% [97 of 136]).

Presentation
Of the neonates, 70.3% (173 of 246) had unilateral RVT;
63.6% (63 of 99) of these cases involved the left kidney.

TABLE 1 Studies in the English-Language Literature That Had Reported Cases (=3) of Neonatal RVT

Author (Year) n F M Unilateral Bilateral L R
Messinger et al* (2006) 28 8 20 25 3 15 10
Winyard et al** (2006) 23 6 17 10 13 7 3
Marks et al* (2005) 43 15 28 24 19 NA NA
Proesmans et al* (2005) 5 1 4 3 2 2 1
Kosch et al*7 (2004) 59 24 35 43 16 23 20
Heller et al* (2000) 25 NA NA NA NA NA NA
Bokenkamp et al? (2000) 35 NA NA 28 7 NA NA
Schmidt and Andrew! (1995) 21 5 16 18 3 NA NA
Keiden et al* (1994) 6 2 4 5 1 5
Nuss et al®® (1994) 6 NA NA 3 3 1 2
Laplante et al’' (1993) 8 NA NA 7 1 7 0
Orazi et al*2 (1993) 4 1 3 3 1 3 0
Nowak-Gottl et al*3 (1992) 8 NA NA 4 4 NA NA
Total 271 62 127 173 73 63 36

Findicates female; M, male; L, left kidney; R, right kidney; NA, not applicable.
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FIGURE 1
Age at onset of RVT.

Figure 2 depicts the features of the patients at presenta-
tion. The thrombus extended into the inferior vena cava
in 43.7% (90 of 206) of the patients. Adrenal hemor-
rhage was present in 14.8% (31 of 210) of the patients.
Because most of the patients were reported as case series
rather than as individual cases, individual clinical fea-
tures at presentation could not be analyzed and corre-
lated with outcomes. Perinatal risk factors including as-
phyxia were identified in 31.9% (69 of 216) of the
reported cases. Other known risk factors such as mater-
nal diabetes mellitus and dehydration were reported in
8.1% (17 of 210) and 1.5% (3 of 206) of the patients,
respectively. Although all the patients had ultrasound-
documented RVT, most of them also had at least 1 of the
3 cardinal signs of RVT at presentation: 56.2% (73 of
130) had macroscopic hematuria, 45.4% (83 of 183) had
a palpable abdominal mass, and 47.5% (85 of 179) had
thrombocytopenia.

Prothrombotic Risk Factors
Not all of the studies collected data on their patients’
prothrombotic risks. Before 1996, the only prothrom-

80
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Percentage

1 2 3 4 5 6 7 8 9 10

FIGURE 2

Features at presentation: 1, macroscopic hematuria (55.4%); 2, palpable mass (42.1%); 3,
thrombocytopenia (47.5%); 4, perinatal asphyxia (29.2%); 5, maternal diabetes mellitus
(8.1%); 6, dehydration (1.5%); 7, thrombus extended into inferior vena cava (43.7%); 8,
adrenal hemorrhage (14.3%); 9, gestational age of <36 weeks (28.7%); 10, gestational
age of >36 weeks (71.3%).
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botic abnormality reported was the presence of the lupus
anticoagulant. Since that time, other prothrombotic fac-
tors, including protein C, protein S, plasma antithrombin
Il activity, lipoprotein(a), factor V Leiden mutation,
prothrombin gene mutation, and methylenetetrahydro-
folate (MTHFR) thermolabile mutation have also been
screened in some studies. Among patients with RVT in
whom prothrombotic factors were investigated, 53% (79
of 149) had at least 1 risk factor identified. The recur-
rence rate of thromboembolic events was reported in 1
study.?” With a median follow-up time of 4 years (range:
0.6-15 years), 6.8% (4 of 59) of the patients with RVT
had a second thrombotic event, occurring during pu-
berty in 3 of the 4 patients. All 4 patients had at least 1
prothrombotic risk factor.

Treatment Modalities

Ten of the 13 studies reviewed contained data on treat-
ment of RVT. Figure 3 illustrates the different treatment
modalities that the patients received: 39.7% (92 of 232)
received supportive therapy alone, and 21.6% (50 of
232) and 20.7% (48 of 232) of the patients received
unfractionated heparin or low molecular weight heparin
(LMWH) alone, respectively. Slightly more than 11%
(11.2% [26 of 232]) were given fibrinolytic treatment. A
small minority of patients were managed with anti-
thrombin (1.7% [4 of 232]) or warfarin (0.9% [2 of
232]) alone or surgical interventions (0.3% [9 of 232]).
Approximately 4% (3.9% [9 of 232]) of the patients
received combinations of treatment that included hepa-
rin, fibrinolytic agents, warfarin, and protein C concen-
trate.

Outcomes

Renal outcomes were not reported consistently in the
studies. Regardless of the treatment received, irrevers-
ible damage was found in 70.6% (156 of 221) of the
affected kidneys at last follow-up. In patients treated
with unfractionated heparin/LMWH or supportive care,
75.3% (61 of 81) and 72.5% (45 of 62), respectively, of
the affected kidneys were found to be atrophic at last
follow-up (Table 2). Although the definitions used for

Fibrinolytics
only: 11.2%
LMWH only: Surgery only:
Unfractionated 20.7% 0.3%

heparin only:
21.6%

Warfarin only:
0.9%

Combination
therapies:
3.9%

Antithrombin
only: 1.7%

Supportive
treatment:
39.7%

FIGURE 3
Treatment modalities of the neonates with RVT.
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TABLE2 Studies in the English-Language Literature That Had
Reported the Incidence of Kidney Atrophy in Heparin-
Treated or Supportively Managed Neonates With RVT

Author (Year) Heparin Supportive
Treated Only
Messinger et al* (2006) 4(10) 9(16)
Winyard et al* (2006) 4(4) 13(19)
Kosch et al*’ (2004) 30(33) 10(11)
Bokenkamp et al? (2000) 18 (26) 5(8)
Keiden et al*® (1994) 2(2) 4(4)
Nuss et al®® (1994) 3(6) 0(0)
Orazi et al°2 (1993) 0(0) 4(4)
Total 61(81) 45(62)

The incidence is shown as number of neonates with atrophic kidneys and the total number of
patients treated in parentheses.

chronic renal insufficiency were heterogeneous and of-
ten unspecified, 8 neonates (3.0% [8 of 271]) required
chronic renal replacement therapies and renal trans-
plantations. Four of these 8 neonates had bilateral RVT;
the extent was not documented for the other 4 patients.

Seven of the 13 studies provided follow-up informa-
tion for hypertension: 19.3% (27 of 140) of the patients
had persistent elevation of blood pressure. Laterality of
the involved kidneys was provided for 120 patients:
18.9% (14 of 74) of the neonates with unilateral RVT
and 21.7% (10 of 46) of the neonates with bilateral RVT
had persistent elevated blood pressure (Table 3).

A total of 9 deaths were reported, all of which were
related to coexisting medical conditions such as respira-
tory failure in 3 neonates, multiorgan failure in 1 neo-
nate, and sepsis/meningitis in another neonate. The
cause of death of the other neonates was not provided by
the authors of the report.

DISCUSSION

RVT is the most common non-catheter-related throm-
bosis in infancy and occurs primarily in the newborn
period.> Although many reviews of RVT can be identified
in the literature, evidence-based management guidelines
are still lacking. In this study, we retrospectively ana-

TABLE 3 Studies in the English-Language Literature That Had
Reported the Incidence of Hypertension at Last Follow up
in Neonates With Unilateral and Bilateral RVT

Author (Year) Unilateral Bilateral Nonspecified
Winyard et al* (2006) 1(10) 3(13) —
Marks et al*> (2005) 1(10) 2(12) —
Kosch et al*’ (2004) 10 (43) 3(16) —
Bokenkamp et al? (2000) — — 3(20)
Keiden et al*® (1994) 0(5) o —
Nuss et al*° (1994) 0(3) 0(1) —
Orazi et al°2 (1993) 2(3) 0(1) —
Total 14(74) 10 (46) —

The incidence is shown as number of neonates with elevated blood pressure and the total
number of patients with unilateral or bilateral RVT in parentheses. — indicates that data were
not available.

lyzed all the available case series with more than 2
patients on neonatal RVT published in English over the
last 15 years. Our intent was to gather the accumulated
experience from different sources, evaluate the current
management strategies for neonatal RVT, and provide
direction for future research in this important hemo-
static disorder in neonates.

In an earlier review that included 268 children with
RVT, of which 212 were neonates, the incidence in boys
and girls was similar and the left and right sides were
affected equally.? Other studies have noted a male pre-
dominance, as we have observed in this review. It is
uncertain whether this represents a changing demo-
graphic of RVT. In our study, the incidence of bilateral
RVT was 29.7%, compared with 24% in the earlier
review. Preterm infants have been considered to be at
risk of developing RVT, and we found that 28.7% of the
affected neonates were born before 36 weeks of gesta-
tion. Although the classical “triad” of RVT (macroscopic
hematuria, palpable abdominal mass, and thrombocyto-
penia) has been well described, these 3 elements are not
always found at presentation. Winyard et al* recently
showed that only 23.5% (5 of 21) of their neonates had
the triad at presentation. Perinatal asphyxia, dehydra-
tion, and maternal diabetes mellitus are established risk
factors for RVT. However, we found that less than one
third of the affected neonates had a history of perinatal
asphyxia, and dehydration and maternal diabetes melli-
tus were even less common.

Hereditary prothrombotic risk factors may also play a
role in the pathogenesis of neonatal RVT, and routine
screening for known procoagulant abnormalities has
been suggested.?**> We found that 53% (79 of 149) of
the patients who had been investigated were found to
have 1 or more prothrombotic risk factors. In a recent
study of 301 children with various types of spontaneous
thromboembolism, 21.3% of the patients experienced
a recurrence at a median of 3.5 years after cessation of
prophylaxis.>** Among those children whose symptoms
recurred, 48.4% had a single prothrombotic risk factor
and 46.9% had 2 or more risk factors. The authors
concluded, therefore, that it is reasonable to screen chil-
dren with symptomatic thromboembolic diseases for
prothrombotic risk factors. However, 1 study in our re-
view?” found that only 6.8% (4 of 59) of the affected
neonates had a recurrence of thrombosis, and 3 of the 4
patients had the recurrence during puberty. Another
study did not find any recurrence of the thrombosis
beyond the neonatal period in neonates with prothrom-
botic risk factor at a median follow-up of 3.7 years
(range: 0.5-20.2 years).*> Because there are no data to
indicate that routine screening in neonates with RVT
reduces the recurrence risk, there is no evidence to
support routine screening for prothrombotic risk factors
in neonates with RVT.

Ultrasound is a useful and convenient clinical tool for
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the diagnosis of RVT. Sonographic features of RVT in-
clude enlarged and echogenic kidneys with attenuation
or loss of corticomedullary differentiation. Calcification
and thrombus may be seen extending outside the kid-
neys to the inferior vena cava. Ultrasound may also be of
prognostic significance for RVT. Winyard et al* reported
a negative correlation between renal length and renal
outcomes. Doppler studies are particularly useful for
detecting the resistance or absence of flow in renal ve-
nous branches and collateral vessels. Although the blood
flow in the main renal vein and its branches may be
normal, there may be an increase in resistance in the
renal arteries caused by thrombosis in the small intrare-
nal veins. Renal scarring and atrophy are well-recog-
nized features after RVT in affected kidneys, which can
also be assessed by a radionuclide scan.

Heparin therapy has been proposed for neonates with
RVT, especially in those with bilateral RVT and with
inferior vena cava involvement.> Recently, the trend has
been toward the use of LMWH rather than unfraction-
ated heparin. However, almost 40% of the affected ne-
onates were managed by supportive care alone. Our data
show that the treatment of neonates with RVT varies
greatly among centers, and evidence-based recommen-
dations on this practice are not available. The data sug-
gest that the renal outcomes were similar between sup-
portive treatment and heparin therapies, and a similar
proportion of affected kidneys became atrophic in neo-
nates who were managed supportively or with heparin.
RVT in neonates often leads to irreversible damage, and
anticoagulant therapies may not have an impact on the
long-term outcomes.

Although there is no consensus on the management
of neonatal RVT, the management should involve a
multidisciplinary team that includes neonatologists, ra-
diologists, hematologists, and nephrologists. During the
acute phase, supportive management of electrolytes and
fluid balance with input from the nephrologists is essen-
tial, particularly if the neonates are in acute renal failure
and require renal replacement therapies. The hematol-
ogists should be consulted on whether and when the
neonates require anticoagulation or fibrinolytic treat-
ments. The response to the treatment should be moni-
tored by the clinical team in conjunction with the radi-
ologists and ultrasonographers.

Affected neonates must be followed closely for renal
complications such as hypertension, atrophy, functional
loss, and chronic renal insufficiency. In our review, re-
porting on outcomes of the affected neonates was in-
complete in many of the publications; the length of
follow-up and definitions for chronic kidney diseases
were also variable. Persistent hypertension was reported
in one fifth of the neonates, and 8 neonates (3.0%) were
reported to need chronic dialysis or kidney transplanta-
tion. Because of the heterogeneity of treatment ap-
proaches and outcome measures, we are not able to

1282 LAU et al

draw any conclusion on the impact of different treat-
ment strategies on long-term outcomes.

Nine deaths were reported, and all were non-RVT
related. The mortality rate in children with thromboem-
bolic disease from all causes was reported as 5% in a
large international registry' that was published more
than 10 years ago. The mortality rate of neonates with
RVT that we observed in our study was 3.3% (9 of 271).

Although we retrospectively pooled the available data
on neonates with RVT over the last 15 years from mul-
tiple centers, we still cannot make any evidence-based
recommendations for current treatment strategies. Ran-
domized, controlled trials may not be feasible because of
the low incidence of RVT and limited patient numbers in
individual centers. However, a prospective multicenter
trial with standardized protocols for treatment and long-
term follow-up of neonatal RVT should be possible and
practical.

CONCLUSIONS

Our study illustrates the variability of treatment strate-
gies for neonates with RVT and, potentially, a change in
demographics of this condition. Renal outcomes of the
affected kidneys are still unsatistactory for the majority
of neonates with RVT. Evidence-based recommenda-
tions for the optimal treatment of neonatal RVT are not
possible, but prospective multicenter trials with stan-
dardized protocols are feasible and should be undertaken
as soon as possible to identify the most appropriate treat-
ment strategies for neonates with RVT.
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