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Abstract Neonatal renal vascular thrombosis is rare but has
devastating sequelae. The renal vein is more commonly af-
fected than the renal artery. Most neonates with renal vein
thrombosis present with at least one of the three cardinal signs,
namely, abdominal mass, macroscopic hematuria and throm-
bocytopenia, while unilateral renal artery thrombosis presents
with transient hypertension. Contrast angiography is the gold
standard for diagnosis but because of exposure to radiation
and contrast agents, Doppler ultrasound scan is widely used
instead. Baseline laboratory tests for platelet count, prothrom-
bin time, activated partial thromboplastin time and fibrinogen
concentration are essential before therapy is initiated.
Maternal blood is tested for lupus anticoagulant and
anticardiolipin antibody. Evaluation for prothrombotic disor-
ders is warranted when thrombosis is clinically significant,
recurrent or spontaneous. Management should involve a mul-
tidisciplinary team that includes neonatologists, radiologists,
pediatric hematologists and nephrologists. In addition to sup-
portive therapy, recent guidelines recommend at least prophy-
lactic heparin therapy in the majority of cases to prevent
thrombus extension. Thrombolytic therapy is reserved for bi-
lateral thrombosis compromising kidney function. Long-term
sequelae, such as kidney atrophy, systemic hypertension and
chronic kidney disease, are common, and follow-up by

pediatric nephrologists is recommended for monitoring of kid-
ney function, early detection andmanagement of hypertension
and chronic kidney disease.

Keywords Neonate . Renal vein thrombosis . Renal artery
thrombosis .Umbilical vessel catheterization .Chronickidney
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Introduction

Thromboembolic complications involving the renal vascula-
ture are rare but serious, and are potentially fatal in children.
The neonatal period carries the greatest risk for thromboem-
bolic complications owing in part to the many unique features
of the neonatal hemostatic system, in particular the tightly
regulated balance between the variable concentrations and
reduced activity of pro-coagulant and anticoagulant proteins
involved in preventing either hemorrhage or thrombosis under
physiologic conditions. Slight perturbations, such as hypoxia,
dehydration, hypotension and infection, to name a few, can
easily tip over this delicate balance, resulting in either bleed-
ing or thrombosis. More importantly, what makes the neonatal
kidney especially susceptible to thrombotic complications is
the low renal blood flow coupled with small vessel diameter,
as well as the enhanced renal vasoconstrictive and
angioproliferative effects associated with high catecholamine
levels, endothelin and angiotensin II [1, 2].

Developmental hemostasis

The sequential and dynamic changes in the coagulation, fibri-
nolytic and inhibitor systems are the key to understanding the
natural history and response to therapy, as well as to
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preventing thromboembolic disease in the newborn. The neo-
natal hemostatic system is largely influenced by the age of
gestation and postnatal age. By the tenth week of gestation,
most hemostatic factors have already been synthesized, pre-
dominantly by the liver, and their levels in the plasma continue
to increase with gestational age. At birth, the components of
these systems are similar to those in older children and adults,
but their plasma concentration and activity are markedly dif-
ferent, reflecting the likely differences in rates of protein syn-
thesis, secretion and turnover. Thus, the overall pattern of
hematologic systems in preterm and term infants is similar,
with only minor differences in values [3–5]. However, it has
been shown that postnatal maturation is generally accelerated
in preterm compared to term neonates, although by the sixth
month both show equivalent levels for all but four compo-
nents of the coagulation system. Development continues
through the first year of postnatal life until the plasma activity
of most coagulation factors reaches levels comparable with
those of adults [6]. As shown in Table 1, the concentrations
of the vitamin K-dependent coagulation factors (II, VII, IX, X)
and contact factors (XI, XII, prekallikrein, high-molecular-
weight kininogen) at birth are 25–70 % of adult values
[3–6]. These values increase rapidly after birth, with most
components reaching adult levels by age 6 months. The con-
centrations of factors V, VIII and XIII, vonWillebrand’s factor
and fibrinogen at birth are at least 70–140 % of adult values.
Coagulation inhibitors (antithrombin, heparin cofactor II, pro-
tein C, protein S) at birth are approximately 50 % of adult
levels, except for the concentration of alpha-2 macroglobulin
which is twofold greater in newborns than adults. The rate of
thrombin generation in newborn plasma is 30–50 % of adult
values [5, 7]. Concentrations of the fibrinolytic factors plas-
minogen and alpha-1-antiplasmin are lower in newborns than
adult values, but the levels of tissue plasminogen activator
(tPA) and plasminogen activator inhibitor-1 are higher.
Infants born prematurely have even lower levels of vitamin
K-dependent clotting factors than those born at term and also

lower values for inhibitors of coagulation, including anti-
thrombin and protein C. Because of their immature coagula-
tion system, premature infants are particularly at risk for de-
veloping bleeding or thrombotic complications in response to
perinatal risk factors or iatrogenic events [3].

Epidemiology of renal vascular thrombosis

Because renal vascular thrombosis is an infrequently reported
condition, its exact incidence is unknown. Renal vein throm-
bosis (RVT) is by far the most common manifestation of neo-
natal venous thrombosis and much more common in the neo-
natal population than renal artery thrombosis (RAT). Data
from a 1995 Canadian and international registry showed that
21 of the 97 reported cases of neonatal thrombosis had spon-
taneous RVT at a median age of 2 days, while a German
registry reported the incidence of symptomatic RVT in neo-
nates to be at least 2.2 per 100,000 live births [8–10]. RAT is
even more uncommon in neonates. Retrospective and pro-
spective data are mostly from catheter-related RAT, and the
reported incidence varies according to the method used to
diagnose the event. The reported incidence based on clinical
signs ranges from 1 to 3 %, that based on ultrasound (US)-
based studies varies from 14 to 35% and the highest incidence
of RAT has been reported in ion angiographic investigations at
64 % [11, 12]. With the increased use of central catheters for
invasive therapeutic interventions, especially umbilical ve-
nous and umbilical artery catheters (UACs), as well as femoral
catheters, the incidence of renal vascular thrombosis is expect-
ed to be much higher.

How do we identify the infant at risk of renal
vascular thrombosis?

Both RVT and RAT have been associated with inherent fetal,
neonatal and maternal risk factors (Fig. 1). Inherited
thrombophilia, prematurity, polycythemia, congenital heartTable 1 Pro- and anti-coagulant levels in the neonate compared to adult

values

Increased (compared to adult values) Decreased
(25–70 % of adult values)

α-2 macroglobulin Factor II

Tissue plasminogen activator Factor VII

Plasminogen activator inhibitor-1 Factor IX

Factor VIII Factor X

von Willebrand factor Factor XI

Factor XII

Prekallikrein

High molecular weight kininogen

Heparin cofactor II
Fig. 1 Risk factors for neonatal vascular thrombosis
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disease, respiratory distress syndrome, asphyxia, hypertonic
dehydration, acute blood loss, in utero death of a twin, sepsis
and prolonged central venous cannulation are documented fetal
and neonatal risk factors for RVT [13, 14]. Maternal factors
associated with RVT include infertility, oligohydramnios,
thrombotic states, preeclampsia, autoimmunity (especially
anti-phospholipid syndrome), diabetes and chorioamnionitis
[13, 14]. Fetal and neonatal risk factors associated with RAT
include prematurity, low birth weight, prolonged arterial can-
nula in situ, sepsis, retinopathy of prematurity [11], relatively
small caliber of the renal vessels, vascular damage during in-
sertion of catheter, type of substance infused (calcium-contain-
ing substance and hypertonic solutions), catheter type and the
location of the catheter. A higher incidence of RAT has been
reported to be associated with femoral artery cannulation com-
pared to umbilical artery cannulation. A prospective study on
neonates with RAT found that there were no identifiable ma-
ternal risk factors associated with RAT [11].

The incidence of genetic thrombophilia in newborns with
thrombosis is not known, and the contribution of the
prothrombotic state to the pathogenesis of neonatal thrombo-
sis is uncertain. Of the inherited thrombophilias, deficiencies
of protein C, protein S and antithrombin, the factor V Leiden
mutation and the prothrombin gene mutation have been
shown to have clear pathogenic links to thrombosis [15, 16].
However, in some studies recurrent thrombosis did not appear
to be associated with hyperhomocysteinemia and methylene-
tetrahydrofolate reductase C677T (MTHFR667) gene muta-
tions [17]. Other thrombophilias which are less well charac-
terized, and not necessarily genetically determined, include
elevated lipoprotein(a), dysfibrinogenemias and increased
levels of factors VIII, IX and XI [15]. In one study on infants
with RVT in whom prothrombotic factors were investigated,
53% had at least one risk factor identified [14]. Prothrombotic
states are associated with the recurrence of thrombosis, with
the exception of factor V Leiden mutation and elevated apo-
lipoprotein A. In a study involving 59 newborns with RVT
followed up for a median time of 4 years (range 0.6–15 years),
6.8 % had a second thrombotic event occurring during puber-
ty. All of these patients with recurrence had at least one
prothrombotic risk factor [14].

How do we recognize renal vascular thrombosis
in the newborn?

The clinical features of renal vascular thrombosis are extreme-
ly variable and largely dependent on the location (unilateral or
bilateral) and degree of involvement (from mild to massive
thrombus). Presentation can vary from discrete signs and
symptoms (flank mass, hematuria, proteinuria, elevated blood
pressure) to asymptomatic (incidental finding from imaging of
other abdominal pathologies) to life-threatening (e.g. overt

kidney failure) conditions. In RVT, most patients will present
with at least one of the three cardinal signs of RVT, namely,
macroscopic hematuria (56.2 %), palpable flank mass
(45.4 %) and thrombocytopenia (47.5 %). Only 22 % of neo-
nates will manifest with the triad at presentation [1]. Males are
more commonly affected than females. In a large meta-
analysis of case series of RVT reported between 1992 and
2006 involving 271 neonates from 13 case studies, 67.2 %
of the patients were male, 71 % of whom were born at term
[14]. Most cases of RVTwere found to occur within 3 days of
birth (67 %), with 25.6 % occurring at >3 days after birth,
while in utero occurrence was rare (7.3 %). RVT in neonates
is often unilateral in 70 % of cases, occurring primarily in the
left kidney and extending to the inferior vena cava in 52–60%
of cases. However, the incidence of bilateral RVT in neonates
can 25 %. Accompanying adrenal hemorrhage occurs in
14.8 % of neonates. In addition, patients presenting with
thrombocytopenia that cannot be explained by other condi-
tions should be evaluated for thromboembolic disease.

On the other hand, diagnosis of spontaneous RAT in the
newborn is often suspected based on the presence of risk fac-
tors, as many infants only present with transient hypertension
[12, 18]. Acute renal insufficiency is rare, unless there is ex-
tension of thrombus in the aorta to occlude both renal arteries.
Most cases of RAT are diagnosed commonly in association
with indwelling intravascular catheters. A study conducted on
immature non-human primates with umbilical catheters dem-
onstrated that the probability of developing aortic thrombus in
situ with a UAC in place increases in proportion to the dura-
tion of the placement, with the risk for thrombosis reaching as
high as 80% if the catheter is left in place for ≥21 days [19]. A
similar study conducted in newborns found the incidence of
thrombotic lesions to be 16 % within 1 day, 32 % within
7 days, 56 % within 14 days and 80 % within 21 days of
UAC placement [20].

How do we work-up the neonate with renal vascular
thrombosis?

A diagnosis of renal vascular thrombosis is confirmed by im-
aging. Contrast angiography, although regarded as the gold
standard for the diagnosis of vascular thrombosis, exposes
the newborn to radiation and contrast agent and is rarely used
because newborns with thrombosis are usually severely ill. US
is the most commonly applied diagnostic modality to confirm
a clinical suspicion of renal vascular thrombosis or to screen
babies for clinically silent disease. US findings in RVT include
enlarged and echogenic kidneys with attenuation or loss of
corticomedullary differentiation. Calcification and thrombus
may be seen extending outside the kidneys to the IVC.
Doppler studies are particularly useful for detecting the resis-
tance or absence of flow in renal venous branches and
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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 intrarenal veins. The accuracy of USmay be reduced by
the presence of a catheter because reduced compressibility of
the vessel lumen by the US probe (a sign of thrombosis) is
difficult to assess. US is also not very useful in low-birth-
weight neonates due to the inaccessibility of adequate win-
dows and the small catheter caliber. A 27-gauge catheter, the
smallest commercially available catheter for neonates, is not
consistently visualized during US examinations [21].
Interpretation may also be limited by the low pulse pressure
in preterm and sick newborns. Despite its advantages as point
of care testing (minimal invasiveness and absence of radia-
tion), the overall performance of US to detect thrombi is poor.
Renal scarring and atrophy are well-recognized features in the
RVT-affected kidneys, and these can also be assessed by a
radionuclide scan. An isotope renogram may be useful to
measure relative perfusion of the kidneys.

In addition to diagnostic imaging, baseline laboratory
tests in the neonate before initiation of any therapy should
include the platelet count, prothrombin time, activated
partial thromboplastin time (aPTT) and fibrinogen con-
centration. Maternal blood should be tested for lupus an-
ticoagulant and anticardiolipin antibody. Evaluation for
prothrombotic disorders should be conducted in newborns
with thrombosis which is clinically significant, recurrent
or spontaneous following the guidelines set by the
Subcommittee for Perinatal and Pediatric Thrombosis of
the Scientific and Standardization Committee of the
International Society of Thrombosis and Hemostasis, but
the timing of this evaluation may better be left until the
acute clinical event has resolved, and the results must
always be interpreted in the light of age-appropriate nor-
mal ranges and laboratory-specific reference ranges [22].
Whether newborns with catheter-related thrombosis re-
quire these studies is uncertain. Testing can be deferred
if blood sampling is difficult because the results will not
affect therapy, although they may affect the risk of recur-
rent thrombosis. Alternatively, these conditions can be
excluded by testing the parents. Tests that are abnormal
in the newborn should be repeated within 6–8 weeks.
Both parents should be tested for the prothrombotic state
if the results of the newborn’s tests are abnormal, as this
will help to distinguish acquired from congenital
deficiencies.

How do we treat the neonate with renal vascular
thrombosis?

As is true with most therapeutic agents intended for neo-
nates, evidence-based recommendations on prophylaxis

and treatment of neonatal vascular thrombosis are not
available. Current recommendations are purely expert
opinion guidelines mostly based on extrapolation from
adults, data from registries, case studies and knowledge
of current common clinical practice [23]. Current guide-
lines recommend that any management protocol should
involve a multidisciplinary team that includes neonatolo-
gists, radiologists, pediatric hematologists with experience
in managing thromboembolism and pediatric nephrolo-
gists. The management of neonates with vascular thrombo-
sis must take into account that neonatal hemostasis is a
dynamic and complex system. The rapid physiologic
changes occurring during the perinatal and early postnatal
periods markedly affect the pharmacokinetic profile of
drugs. As such, individual response in terms of efficacy,
safety and toxicity is highly variable, and treatment should
therefore be individualized. Early recognition is necessary
to avoid morbidity and mortality, and the risk/benefit ratio
of each individual must be carefully considered. Potential
benefits of anticoagulation, such as the restoration of tissue
perfusion to prevent renal failure, hypertension and renal
shrinkage, must be weighed against the risk of massive and
life-threatening hemorrhagic events, especially in prema-
ture babies at high risk for intracranial bleeding [18].
Treatment options available for neonatal renal vascular
thrombosis include supportive therapy (Bwait and see^),
anticoagulation and thrombolysis. Surgical removal of a
clot or embolectomy has been reported in neonates but in
sites other than the renal vasculature and therefore beyond
the scope of this article.

Careful attention must be paid to the fluid and electro-
lyte status, acid–base balance and nutrition of all new-
borns with renal vascular thrombosis. Neonates who are
in acute renal failure and require renal replacement thera-
pies (RRTs) must be promptly referred to the pediatric
nephrologist. Radiologic monitoring for extension of
thrombus or anticoagulation with unfractionated (UFH)
or low-molecular-weight heparin (LMWH) in therapeutic
doses is recommended for spontaneous unilateral RVT in
the absence of renal impairment or extension [23].
Anticoagulation with UFH/LMWH or LMWH in thera-
peutic doses is recommended for spontaneous unilateral
RVT associated with renal impairment and unilateral
RVT not associated with renal impairment but with exten-
sion to the IVC [23]. For spontaneous bilateral RVT with
evidence of renal impairment, anticoagulation with UFH
or LMWH or initial thrombolytic therapy with tPA
followed by anticoagulation with UFH or LMWH is sug-
gested [23]. Current guidelines recommend continuous
monitoring of the thrombus by US and continuing therapy
until resolution of the clot for a total duration of between
6 weeks and 3 months. A summary of the dosages of the
recommended anticoagulants is given in Table 2.
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It is well-recognized that central lines are one of the major
risk factors for renal vascular thrombosis. Thus, measures to
prevent catheter-related thrombosis are paramount in the man-
agement of newborns with catheters in the umbilical artery,
femoral artery and femoral vein [24]. Depending on the indi-
cation and the contemplated duration of use, maintaining the
patency of the line and thrombus prevention can be achieved
through heparin infusion (Table 2).

For neonates with UACs, catheter-tip placement and
end-hole single-lumen construction minimize the occur-
rence of UAC-related thrombosis [25]. A high-level (T6–
T9 thoracic vertebral bodies) rather than a low-level (L3–
L4 lumbar vertebral bodies) UAC tip position placement is
preferred as this is placed above the celiac axis, superior
mesenteric artery and renal arteries, resulting in a lower
incidence of clinical ischemic events, such as necrotizing
enterocolitis, hypertension and hematuria. Prophylaxis for
neonates with UAC involves continuous infusion with a
fluid containing UFH (Table 2). Urgent removal of UAC
is indicated when the catheter is no longer needed. Ideally,
the UAC should not be left in place for >5 days. Some
studies favor conservative treatment and the avoidance of
antithrombotic and/or thrombolytic medications for
asymptomatic UAC-related thrombus [12, 20]. For neo-
nates and children with a symptomatic peripheral arterial
catheter-related thromboembolism, in particular femoral
artery catheter thrombosis, UFH anticoagulation with or
without thrombolysis or surgical thrombectomy and micro-
vascular repair with subsequent heparin therapy is recom-
mended [23].

Standard heparin or UFH is still widely used in the treat-
ment of neonatal thrombosis. The low incidence of heparin-
induced thrombocytopenia, the availability of protamine for
rapid reversal of UFH action and the low cost support the use
of UFH in the treatment of preterm and term neonates [18].
The downside of UFH is its unpredictable pharmacokinetic
response and resultant requirement for frequent monitoring.
In addition, the infusion of UFH in newborns requires a ded-
icated intravenous catheter in order to avoid any interruption
of anticoagulation therapy while at the same time minimizing
the risk of inadvertent flushing of the catheter that may lead to
excessive anticoagulation. The efficacy and safety of UFH is
ensured by monitoring the activity of anti-factor Xa and aPTT.
The results of aPTT testing can be used to facilitate dose
adjustments, but only after establishing the aPTT range that
corresponds to the target anti-factor Xa levels in an individual
patient. This differs from the approach to dose adjustment in
adults, in whom the aPTT range can be used alone because it
generally corresponds to an anti-factor Xa activity of 0.35–
0.7 U/mL. The additional monitoring for neonates is neces-
sary because they have a higher clearance rate of heparin than
do older children or adults. In addition, the efficacy of heparin
may be reduced in newborns because the physiologic plasmaT
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concentration of antithrombin is low. It is advised to discon-
tinue infusion and to administer protamine immediately if
bleeding occurs and when the anti-factor Xa level exceeds
0.8 U/mL.

LMWH has widely replaced UFH in the treatment of
adult patients with thromboembolism. In recent years,
neonatal intensive care units have shown an increasing
trend to use LMWH for the post-acute treatment of ve-
nous and arterial thromboembolism, as well as in the pre-
vention of thrombosis in high-risk patients. Its greater
bioavailability when given by subcutaneous injection,
longer duration of anticoagulant effect and longer, dose-
independent clearance time, resulting in a more predict-
able response, are some of its advantages over UFH.
Although LMWH requires less laboratory monitoring, a
feature useful in neonates with poor venous access, daily
testing of anti-factor Xa levels is often necessary until
therapeutic levels are obtained. An added feature of
LMWH that makes it favorable for neonatal treatment of
thrombosis is its reduced risk of immune-mediated throm-
bocytopenia [26–28]. Of the LMWHs available in the
market, enoxaparin is widely used in the treatment of
neonatal thromboembolism. Data on the use of other
LMWH in neonates, such as dalteparin and tinzaparin,
are still limited. Complications from LMWH therapy in-
clude soreness from the injection itself, bruising and, rare-
ly, bleeding (5 %) [29, 30].

Thrombolytic therapy for neonatal thrombosis is gen-
erally not recommended but rather reserved only for cases
in which there is a critical compromise of life, organs or
limbs. In renal vascular thrombosis, thrombolysis is indi-
cated for bilateral vessel involvement causing kidney fail-
ure. The thrombolytic drugs currently used are intrave-
nously infused plasminogen activators which promote
the conversion of plasminogen to plasmin, with subse-
quent cleavage of fibrin, fibrinogen and factors V and
VIII, resulting in breakdown of the clot [31]. However,
the thrombolytic activity of these agents may be reduced
in newborns due to a decreased plasminogen concentra-
tion, resulting in a decreased generation of plasmin.
Supplementation with plasminogen by administration of
10–15 ml/kg of fresh frozen plasma may improve fibrino-
lytic activity and is usually indicated prior to initiating
therapy. In cases requiring thrombolysis, thrombocytope-
nia (platelet count of <100×109/L), low fibrinogen con-
centration (<1 g/dL) and severe deficiency of coagulation
factors should be corrected before treatment is initiated.
Recombinant tissue-type PA (rtPA) is the thrombolytic
agent of choice due to its high specificity for fibrin with
poor activation of free plasmin, a lower risk of hypersen-
sitivity and short half-life (4 min in plasma and 45 min for
thrombolytic effects) (Table 3) [18]. Thrombolysis using
rtPA should be guided by radiological imaging and T
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meticulous monitoring of hematological parameters in
conjunction with regular clinical assessment (Table 3)
[23, 32]. If bleeding occurs as a result of treatment, the
rtPA infusion should be stopped and fresh frozen plasma
and/or cryoprecipitate administered. Alternatively, throm-
bolysis with urokinase is a safe and effective treatment for
neonatal thrombosis. Thrombolytic therapy is contraindi-
cated with major surgery, hemorrhage within the previous
10 days, neurosurgery within 3 weeks, a severe asphyxial
event within 7 days, an invasive procedure within the
previous 3 days, seizures within 48 h, systemic septice-
mia, active bleeding or the inability to maintain platelets
at >100×109/L or fibrinogen at >1 g/dL.

What are the long-term outcomes of neonatal renal
vascular thrombosis?

Renal vascular thrombosis is associated with low mortality,
but long-term kidney dysfunction is common [14, 33, 34].
Kidney atrophy, hypertension and chronic kidney disease are
the most common long-term outcomes of renal vascular
thrombosis. In a review of RVT in neonates, kidney atrophy
was seen in 70.6 % of participating neonates, hypertension in
20 % and chronic kidney disease requiring RRT in 3 % (most
of the latter cases were sequelae of bilateral RVT) [14].
Kidney atrophy and irreversible damage were observed re-
gardless of the treatment received (anticoagulant therapy vs.
supportive therapy). In addition, the incidence of hypertension
was 18.9% in those with unilateral involvement and 21.7% in
neonates with bilateral RVT.

Neonates with renal vascular thrombosis will therefore re-
quire long-term follow-up for early detection and timely inter-
vention of chronic kidney disease. Regular monitoring for
proteinuria and hypertension should be performed at every
clinic visit, and renal function assessment may be required
annually, especially in those with bilateral renal vascular
involvement.

Key summary points

1. Management of renal vascular thrombosis should involve
a multidisciplinary team that includes neonatologists, ra-
diologists, hematologists and nephrologists.

2. During the acute phase, supportive management is vital to
stabilize patients. Neonates who are in acute renal failure
requiring RRTs necessitate prompt referral to the pediatric
nephrologist.

3. The unique nature of the neonatal hemostasis requires
individualization of treatment.

4. Benefits of anticoagulation and thrombolytic therapy
must be weighed against the risks.

5. Close follow-up for long-term renal complications such as
hypertension, kidney atrophy, functional loss and chronic
renal insufficiency is necessary.

Multiple choice questions (answers are provided
following the References)

1. Which of the following statements is correct about the
neonatal hemostatic system?

a. The neonatal hemostatic system is largely influenced
by the age of gestation and postnatal age.

b. Concentrations of the vitamin K-dependent coagula-
tion factors (II, VII, IX, X) are higher at birth.

c. Concentrations of the contact factors (XI, XII,
prekallikrein, high molecular weight kininogen) at
birth are similar to adult values.

d. Concentrations of the fibrinolytic factors plasminogen
and alpha-1-antiplasmin are higher than adult values.

e. Infants born prematurely have similar levels of vitamin
K-dependent clotting factors as those born at term.

2. Which of the following is a risk factor for renal vein
thrombosis:

a. Maternal polyhydramnios
b. Maternal smoking
c. Pre-eclampsia
d. Twin delivery
e. Neonatal thrombocytopenia

3. Which of the following investigations ismost useful in the
diagnosis of renal vascular thrombosis?

a. 2D-echocardiogram
b. Doppler ultrasound
c. MAG3 radioisotope scan
d. Abdominal CT-scan
e. Contrast angiography

4. Which of the following is true of LMWH:

a. Less monitoring is required compared to UFH.
b. Its effect can be measured using the aPTT ratio.
c. Dosage per kilogram is the same for all age groups.
d. Overdose can be reversed with protamine.
e. It has been documented to cause major bleeding in

premature babies.
5. According to current guidelines on the management of

babies with spontaneous unilateral renal venous thrombo-
sis with normal kidney function:

a. Only supportive treatment with radiologic monitoring
for extension of thrombus is recommended.
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b. UFH is contraindicated in neonates.
c. Use of LMWH is associated with lower risk of

immune-mediated thrombocytopenia.
d. LMWH is recommended to prevent extension of the

thrombus.
e. rtPA is recommended for thrombolytic therapy.
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1. a
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3. e
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