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Use of implantable venous access devices
in children with severe hemophilia:
benefits and burden

Hemophilia is an X-linked recessive dis-
ease, which is characterized by a defi-
ciency of factor VIII or IX for, respec-

tively, hemophilia A and B. In severe hemo-
philia there is a total absence of clotting fac-
tor (factor VIII or IX < 0.01 IU/mL) resulting
in recurrent bleeding, mainly in joints. Intra-
venous clotting factor administration is
often needed. Two different treatment
strategies can be used; 1) administration of
factor VIII or IX when bleeding occurs (on
demand), 2) prophylactic treatment, in
which the factor is given at regular inter-
vals with the aim to prevent bleeding. Sev-
eral groups have demonstrated that primary
prophylactic treatment may prevent
arthropathy.1,2 Ideally, prophylaxis consists of
clotting factor administration two to three
times a week before the first joint bleed.3 

Since venous access in small children can
be difficult to obtain and is often needed,

implantable venous access devices (IVAD)
are used for administration of the clotting
factor. The benefits of these IVAD are clear:
uncomplicated venous access and blood
withdrawal. Besides benefits, the following
disadvantages can occur; infection, which is
the most common complication with report-
ed infection rates varying between 0.23 and
1.8 per 1000 patient-days,4-9 and thrombo-
sis.10-14 In patients with antibodies against
factor VIII or IX (inhibitors) frequent admin-
istration of clotting factor is needed in order
to acquire immune tolerance. It has been
suggested that these patients are more
prone to obtain infections of their IVAD than
are patients without inhibitors.7,8,15,16

The aim of this study was to investigate
the frequency of the use of IVAD and early
prophylaxis in a single cohort of children
with severe hemophilia. The clinical param-
eters of children with and without an IVAD
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Background and Objectives. Since venous access in small children can be difficult to
obtain, implantable venous access devices (IVAD) are used to administer clotting factor
in such patients with severe hemophilia. The aim of our study was to evaluate how many
children in our center needed an IVAD in order to be able to start early prophylaxis, what
the differences were between children who needed an IVAD and those who did not and
what the complications of the IVAD were. 

Design and Methods. All 70 patients with severe hemophilia born between January
1987 and October 2000 treated at our center before they were 6 years old were studied. 

Results. An IVAD was placed in 23 children (33%). Children with an IVAD started pro-
phylactic treatment at a mean age of 2 years (SD 1.3), those without at a mean age of
3.6 years (SD 1.6)  (p< 0.001). Home treatment was feasible at a mean age of 2.8 years
(SD 1.3) in children with an IVAD and at 4.5 years in those without an IVAD (SD 1.8) (p =
0.001). Infection was the most frequent complication; the mean number of infections per
IVAD was 0.61. Thrombosis was more common than initially thought (15%). The infec-
tion rate in children with inhibitory antibodies was 3.1 per 1000 patient-days; in children
without an inhibitor it was 0.72 per 1000 patient-days. 

Interpretation and Conclusions. In 33% of the children in our cohort an IVAD was need-
ed in order to start early prophylaxis. IVAD are needed more frequently when prophylax-
is is started at an early age, but have the advantage that home treatment is feasible ear-
lier. Infection is the most common complication, particularly in children with inhibitors.
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were compared. In addition the complications of the
IVAD were evaluated. 

Design and Methods

In our clinic we started implanting IVAD in the ear-
ly 1990s. All patients born between January 1987 and
October 2000 with severe hemophilia, who first
attended the Van Creveldkliniek before they were 6
years old, were included in this study. 

Data for this study were collected from the patients’
files. The following items were studied: 1) age at start
of prophylactic treatment, 2) age at first joint bleed, 3)
the frequency of prophylaxis and 4) age at start of
home treatment. We studied in detail all 23 children in
whom an IVAD was positioned. The following items
were investigated: indication for IVAD implantation,
time between implantation and start of home treat-
ment, prophylaxis, presence of inhibitors of factor VIII
or IX, infections, thrombosis and other complications.
Our prophylactic treatment regimen has been intensi-
fied since its introduction in the early 1970s.3 Today we
aim at starting prophylaxis early after the first joint
bleed. However in earlier years two to three joint bleeds
were accepted before prophylaxis was started. To find
antibodies against factor VIII or IX three monthly blood
samples were taken and laboratory examinations were
performed. Until 1-12-1996 inhibitor concentrations of
> 1.0 Bethesda units (BU)/L were considered positive;
after 1-12-1996, due to the Nijmegen modification
the threshold for inhibitors was taken to be > 0.2
BU/L.17,18 Patients with an inhibitor were defined as
patients who had a positive inhibitor test twice in com-
bination with a decreased recovery. 

During the implantation of the IVAD, coagulation
was completely corrected by continuous infusion and
this was continued for at least one week after surgery.
Recombinant products were used in all children. In the
case of bleeding in patients with an inhibitor, Novo-
Seven® was used. Antibiotics were not given routine-
ly. Vascular access for the IVAD was gained by subcla-
vian puncture. The implanted device was a Port-a-Cath
(Pharmacia Deltic Inc., USA) in all cases. After every
infusion through the IVAD, saline and a 5 mL bolus of
heparin (1000 IU/10 mL) were given. When the IVAD
was not used for a longer period, heparin was given
once per month. Data were recorded until the date of
the patients’ last visit to our outpatient clinic for 3
children who had further treatment in an other center.
For all other children we used the date of evaluation
(01-05-2001), when the IVAD was still in situ or the
date when the last IVAD was removed as the end-point.
Patients were instructed to contact our clinic in case
of any problems. Infections were defined as a positive

blood culture test in combination with clinical mani-
festations of septicemia. Venography or ultrasound was
performed in patients who presented with mechanical
dysfunction of the IVAD (no blood return, no product
infusion, discomfort with access), prominent chest wall
veins, enlarged jugular veins or swelling or erythema of
the neck, face or ipsilateral arm. 

The children who had an IVAD implanted were eval-
uated separately according to whether they did or did
not have an inhibitor.

t-tests and χ2 tests were used to compare patients
without an IVAD and patients with an IVAD. 

Results

The cohort consisted of seventy children with severe
hemophilia, born between January 1987 and October
2000. An overview of the study population is shown in
Table 1.

Children without an IVAD versus children with
an IVAD

Of this cohort 23 children (33%) were given an IVAD
and 47 were not. Prophylactic treatment was started
in 22 of 23 children (96%) children with an IVAD,
whereas at the time of evaluation prophylaxis had
been started in 30 of 47 children (64%) without an
IVAD. Two of the children without an IVAD developed
an inhibitor; however, peripheral vein access was ade-
quate to allow immune tolerance therapy in these
patients.

Children with an IVAD tended to have their first joint
bleed at a younger age, although the difference was
not statistically significant (p = 0.48). Children with an
IVAD started prophylactic treatment earlier (p< 0.01)
and in these children home treatment was feasible at
a younger age (p< 0.01) (Table 1). 

Children with an IVAD
Overall, 23 children had 34 IVAD implanted. One

child was lost from follow-up after implantation of
his first IVAD. He was excluded from further analysis,
leaving 22 children with 33 IVAD. Before implantation
of the IVAD 14 children had been treated on demand
and 8 prophylactically; after implantation of the Porth-
a-Cath only one child was treated on demand and 21
prophylactically. In two children prophylaxis was start-
ed relatively late; 1.3 and 2.5 years after implantation. 

Three patients had severe hemophilia B and 19 had
hemophilia A. The median age at implantation of the
first IVAD was 1.7 years (range 0.7-5.3). Obtaining
venous access was the main reason for implantation.
Additional reasons for port insertion were start of pro-
phylactic treatment in 13 patients, continuation of

haematologica 2004; 89(2):February 2004190

K. van Dijk et al.

 



haematologica 2004; 89(2):February 2004 191

prophylaxis in 8 patients, start of immune tolerance
therapy in one patient and major bleeding in one
patient. Problems related to the surgical procedure
were the development of a transient Horner’s syn-
drome in one child and a punctured subclavian artery
in another. No bleeding or other complications
occurred.

In 21 patients the first IVAD was used for home treat-
ment by the childrens’ parents; in one patient profes-
sionals administered the clotting factor. The median
interval between implantation of the IVAD and home
treatment becoming feasible was 2.0 months (range
1.0-8.0). 

Of 33 IVAD implanted, 20 have been removed, 10 are
still in situ and we do not have follow-up data for the
other 3. Data were recorded until the date of the last
visit to our outpatient clinic for three children who had
further treatment in another center. At the last visit no
inhibitory antibodies had been present and the IVAD
were still in situ. Table 2 presents an overview of the
reasons for removal and the complications. Two IVAD
were removed because they were no longer needed. The
median time until the first complication was 1.0 year
(range 2 days-3.8 years). The median time until the first
infection (n=12) was 1.4 years (range 6.0 days-3.8
years). In 9 out of 12 patients this infection was suc-
cessfully treated with antibiotics. In these patients the
median time from first infection until removal was 0.24
years (range 10 days-0.62 years).

Five patients had a thrombosis. The median time
from initiation of the IVAD until the first thrombosis
was 0.37 years (2 days-1.8 years).

In patients with an inhibitor, subcutaneous bleeding

around the device occurred in two out of four IVAD. In
children without an inhibitor, this occurred in 5 out of
18 IVAD. The results of the children with and without
an inhibitor are shown separately, because children
with an inhibitor tend to have more complications,
particularly infectious ones. 

Children without an inhibitor
In 18 children no inhibitor was detected; a total of

24 IVAD were implanted in these children. The medi-
an age at implantation of the first IVAD was 1.6 years
(0.7-3.9 years). Of these 24 IVAD, 14 were removed.
The reasons for removing the devices are shown in
Table 2. Seven IVAD were still in situ and data were not
available for three IVAD. The median time from inser-
tion until the first infection (n=8) was 2.2 years (10
days-3.8 years). 

The following bacteria were found in cultures of
specimens: S. aureus (n=6; line loss in n=3), S. epider-
midis (n=3; line loss in n=2), Klebsiella oxytoca (n=2;
line loss in n=1), Streptococci (n=2; line loss in n=1)
and Streptococci in combination with Corynebacteri-
um group B (n=1, resulting in line loss). 

Children with an inhibitor 
In four children an inhibitor was present at the time

of implantation of the IVAD. Three of these children
had one IVAD with an inhibitor at implantation and
one child had four IVAD. 

Of the seven IVAD implanted, five had been removed
by the time of this study. 

One child had a total of six infections in the first
three IVAD implanted: all these IVAD were removed.

Implantable venous access devices in children

Table 1. Characteristics of the total study population according to the use of the IVAD or not.

No IVAD IVAD Total p value
(n=47) (n=23) (n=70)

Hemophilia A 42 (89) 20 (87) 62
Hemophilia B 5 (11) 3 (13) 8
Age at evaluation (years) 5.9 (0.6-14.3) 6.2 (3.0-13.6) 5.9 (0.6-14.3) 0.85

Age at first joint bleed (years) 1.6 (0.6-6.0) 1.6 (0.7-4.6) 1.6 (0.6-6.0) 0.48
No joint bleed yet (n) 5 (11) 2 (9) 7
Unknown (n) 2 (4) 1 (4) 3

Age at start of prophylaxis (years) 3.7 (0.9-7.1) 1.6 (0.3-5.5)* 2.7 (0.3-7.1) <0.01
Not on prophylaxis (n) 17 (36) 1 (4) 18

Frequency of prophylaxis ≤ 2 x per week (n) 9 8 17
Frequency of prophylaxis > 2 x per week (n) 21 14 35
Age at start of home treatment (years) 4.5 (1.3-9.5) 2.4 (1.2-6.5) 3.4 (1.2-9.5) <0.01

On home treatment (n) 27 (57) 21 (91) 48

IVAD: implantable venous access device; values are medians (range) or numbers (%) ; *two patients started prophylaxis 1.3 and 2.5 years after implantation of the IVAD.
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The duration of use of these three IVADs in this child
varied between 0.27 years and 0.63 years. The medi-
an duration until the first infection (n=4) was 56 days
(6 days-1.5 years). 

The following bacteria were cultured; S. aureus (n=3;
line loss in n=2), S. epidermidis (n=1, line saved),
Corynebacterium group B (n=2; line loss in n=1) and
X. maltophilia (n=1, resulting in line loss). 

An IVAD was replaced in two children after the
inhibitor had disappeared. No complications occurred
in the other IVAD; one was removed after 2.4 years
because it was no longer needed and the other is still
in situ (2.7 years). 

Discussion

A cohort of 70 patients born between 1-1-1987 and
1-10-2000 was studied. Of these children 33% had one
or more IVAD implanted. Prophylactic treatment was
started in 22 of 23 children (96%) children with an IVAD,
whereas it was started in 30 of 47 children (64%) with-
out an IVAD. Children who started prophylactic treat-
ment earlier in life (2 years, SD 1.3) needed an IVAD
more often than children who started prophylaxis later
(3.6 years, SD 1.6). A major achievement of the implan-
tation of an IVAD was that home treatment was feasi-

ble at a younger age (1.7 years) in patients in whom this
strategy was used than it was in patients without an
IVAD. Because patients are treated according to their
phenotype, patients with a milder bleeding pattern
started prophylaxis later in life, when venous access was
better and IVAD were no longer necessary.

In 21 of the 22 children with an IVAD the IVAD was
used for home treatment by the childrens’ parents. This
study was performed retrospectively; therefore it could
be argued that patients or complications might have
been missed. However this is not very likely, because
children attend our center regularly (at least three times
a year) and parents were instructed to contact our cen-
ter in the case of any problems. The percentage of chil-
dren who are given an IVAD could be an underestimate,
because the youngest children in our population were 7
months old at evaluation and are still candidates to have
an IVAD implanted. 

The infection rate in our population is comparable to
that reported in a meta-analysis by Santagostino et al.8
The average rate was reported to be 0.48 (0.31-0.64) per
1000 patient-days, when only the first infection of each
port was considered. In some patients there was a short
period between surgery and first infection, which could,
therefore, have been related to the surgical procedure.
Routine use of antibiotics might have prevented these
infections. We found a relatively large number of infec-

K. van Dijk et al.

Table 2. Use and complications of the IVAD among 18 children without inhibitor and among 4 children with an inhibitor.

No inhibitor * Inhibitor p value
n IVADs n IVADs

IVAD (n) 24 7
Age at implantation of 1st IVAD (years) 1.6 (0.7-3.9) 2.4 (1.0-5.3) 0.14

Duration of use of the IVAD (years)
removed because of a complication 2.1 (0.15-5.0) 12 0.63 (0.27-1.6) 5 0.02
still in situ 0.8 (0.12-4.0) 7 1.04 (0.52-1.6) 2 0.68

Number of infusions through the IVAD 218 (22-630) 20 147 (27-242) 7 0.05
Number of infusions through the IVAD per week 2.0 (0.48-2.99) 20 3.0 (0.48-5.75) 7 0.11

Reason for removal of the IVAD (total number removed) (14) (5)
infection 7 4
thrombosis 4 _
infection and thrombosis 1 _
other 2 1

Number of infections per IVAD 0.57 (0-2) 1 (0-2) 0,07
Infection rate x 1000 patient-days 0.72 3.1 <0.001
Infection rate x 1000 patient-days until first infection† 0.45 1.44 0.12

Values are medians (range) or numbers; *the IVAD implanted in children with an inhibitor after the inhibitor had disappeared are not included; †number of first infections
divided by (the time from implantation of the IVAD until the first infection of the IVAD when an infection occurred + the total duration of use of the IVAD when no infection
occurred).
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tions in children with inhibitors. One child had a total
of six infections in three IVAD. This problem was
described earlier in several studies.7,8,15,16 Different sug-
gestions have been made to explain the higher infec-
tion rate. Bollard et al. suggested that the higher infec-
tion rate can be explained by more frequent use of IVAD
for longer periods to treat difficult bleeding episodes.19

This was not confirmed by a multicenter study.7 How-
ever, in this study only the total number of infusions
through the IVAD was considered and not whether
there were periods when the IVAD was used more fre-
quently (e.g. in a period with an inhibitor) and more
infections did occur. In our population there was only
a slight difference in the number of infusions per peri-
od (Table 2). Bollard et al. also suggested a relation with
the use of Emla crème.19 This was also mentioned in a
study by Perkins.5 Cleaning the skin with water and soap
to wash away the crème before starting disinfection of
the IVAD resulted in a decrease of infections. In our
study this was not evaluated. Both Ljung and Collins
suggested that the higher number of bleeds around the
IVAD could play a role in patients with an inhibitor.6,7,15

In our study bleeding around the IVAD occurred 7 times;
5/18 times in a child without an inhibitor and 2/4 times
in a child with an inhibitor. This bleeding could enhance
bacterial growth in the area, leading to infections. 

Besides infections, thrombotic complications should
also be considered. Thromboses should be divided into
short-term thrombosis, when the tip of the catheter is
blocked and long-term thrombosis, when endothelial
damage occurs and thrombotic sheets are deposited on
the outer surface of the catheter. This latter complica-
tion was not prospectively investigated in our study,
but was reported by Journeycake et al.14 In our study
thrombosis occurred in five out of 33 IVAD (15%). All
cases occurred in children without an inhibitor. Our data
on thrombosis were evaluated only in patients with
symptoms. The thromboses occurred between 2 days to
1.8 years after implantation after a median time of 0.37
years. The early thromboses might have been due to the
surgical procedure. The percentage of thrombosis
reported in the literature ranges from 0-17%.7,17,20-22

However, from recent prospective studies, in which
asymptomatic children were also screened, it became
clear that thrombosis occurred more often than was
previously thought.10,12-14 Journeycake et al. evaluated
the IVAD of 15 children with hemophilia by venogra-
phy.14 Eight of 15 patients were found to have throm-
bosis, although clinical symptoms were not present in

any case. When present, clinical symptoms can be a
larger diameter of the ipsilateral arm, prominent chest
wall veins or dysfunction of the IVAD. No thrombosis
was detected in patients who had their IVAD in situ for
less than 4 years. Blanchette et al. examined 16 children
with hemophilia by venography and ultrasound.13 They
detected thrombosis in 63%. When the IVAD is placed
in the subclavian vein, venography is sufficient.14 Koer-
per et al. performed bilateral venography in 11 asymp-
tomatic children with hemophilia and an IVAD in situ for
1 to 5 years.10 Two children (22%) had total occlusion
of their left brachiocephalic vein with development of
collateral vessels. Pulmonary embolism has not been
described as a complication in these children. 

The advantages of IVAD are clear, uncomplicated
venous access and blood withdrawal. These advantages
justify the disadvantages, such as the risk of infections
and thromboses in some children. An experienced cli-
nician should make the decision about implanting an
IVAD for each patient individually, carefully weighing
the need for early start of prophylaxis, the risks and the
acceptability for the child and its parents. More
prospective studies are needed to evaluate the use of
IVAD in children with severe hemophilia. Venography
may be performed regularly to detect asymptomatic
thrombosis. However, this is an invasive procedure and
the contrast agent used may induce phlebitis.23 Journ-
eycake et al. suggested removing the IVAD after 4 years
or performing a venography if the IVAD is required for
longer.14 Implantation of an IVAD in children with an
inhibitor remains a difficult decision. On the one hand
an IVAD is almost indispensable because clotting fac-
tor must be administered frequently to induce immune
tolerance, but on the other hand the chance of infec-
tious complications in this group seems to be higher. 

In conclusion, 33% of the children in our cohort
needed an IVAD in order to start early prophylaxis. IVAD
are needed more frequently in children who start pro-
phylactic treatment at an early age. The advantage is
that home treatment is feasible at an early age. Infec-
tion is the most common complication, particularly in
children with inhibitory antibodies.

Contributions.  All authors: substantial contributions to conception
and design, or acquisition of data, or analysis and interpretation of
data, drafting the article or revising it critically for important intel-
lectual content and final approval of the version to be published. All
authors meets the aforementioned conditions. The authors indicat-
ed no potential conflicts on interest.

Manuscript received June 23, 2003. Accepted December 3, 2003.

 



haematologica 2004; 89(2):February 2004194

K. van Dijk et al.

References

1. Löfqvist T, Nilsson IM, Berntorp E, Pet-
tersson H. Haemophilia prophylaxis in
young patients: a long-term follow-up. J
Intern Med 1997;241:395-400.

2. Van den Berg HM, Fischer K, Mauser-Bun-
schoten EP, Beek FJA, Roosendaal G, Van
der Bom JG, et al. Long-term outcome of
individualized prophylactic treatment of
children with severe haemophilia. Br J
Haematol 2001;112:561-5.

3. Fischer K, Van der Bom JG, Prejs R,
Mauser-Bunschoten EP, Roosendaal G,
De Kleijn P, et al. The effects of postpon-
ing prophylactic treatment on long-term
outcome in patients with severe hemo-
philia. Blood 2002; 99:2337-41.

4. Liesner RJ, Vora AJ, Hann IM, Lilleyman
JS. Use of central venous catheters in
children with severe congenital coagu-
lopathy. Br J Haematol 1995; 91:203-7.

5. Perkins JL, Johnson VA, Osip JM, Christie
BA, Nelson SC, Moertel CL, et al. The use
of implantable venous access devices
(IVADs) in children with hemophilia. J
Pediatr Hematol Oncol 1997;19:339-44.

6. Collins PW, Khair KS, Liesner R, Hann IM.
Complications experienced with central
venous catheters in children with con-
genital bleeding disorders. Br J Haematol
1997; 99:206-8.

7. Ljung R, Van den Berg HM, Petrini P. Port-
a-cath usage in children with haemophil-
ia: experience in 53 cases. Acta Paediatr
1998;87:1051-4.

8. Santagostino E, Gringeri A, Muca-Perja M,
Mannucci PM. A prospective clinical trial

of implantable central venous access in
children with haemophilia. Br J Haematol
1998;102:1224-8.

9. McMahon C, Smith J, Khair K, Liesner R,
Hann, IM, Smith OP. Central venous
access devices in children with congeni-
tal coagulation disorders: complications
and long-term outcome. Br J Haematol
2000;110:461-8.

10. Koerper MA, Esker S, Cobb L. Asympto-
matic thrombosis of innominate vein in
haemophiliac children with subcuta-
neous venous access devices (ports).
National Hemophilia Foundation 48th

Annual Meeting 1996; San Diego, CA:
USA.[abstract]

11. Miller K, Buchanan G, Zappa S. Im-
plantable venous access devices in chil-
dren with hemophilia: a report of low
infection rates. J Pediatr 1998; 132:934-
8.

12. Vidler V, Richards M, Vora A. Central
venous catheter-associated thrombosis
in severe haemophilia. Br J Haematol
1999;104:461-4.

13. Blanchette VS, Al Trabolsi H, Stain AM,
Sparling CR, Massicotte MP, Daneman A,
et al. High risk of central venous line-
associated thrombosis in boys with hemo-
philia. Blood 1999; 94:234a [abstract].

14. Journeycake JM, Quinn CT, Miller KL,
Zajac JL, Buchanan GR. Catheter related
deep venous thrombosis in children with
hemophilia. Blood 2001; 98:1727-31.

15. Ljung R, Petrini P, Lindgren AK, Berntorp
E. Implantable central venous catheter
facilitates prophylactic treatment in chil-
dren with hemophilia. Acta Paediatr
1992; 81:918-20.

16. Van den Berg HM, Fischer K, Roosendaal

G, Mauser-Bunschoten EP. The use of the
port-a-cath in children with haemophil-
ia – a review. Haemophilia 1998;4:489-
20.

17. Verbruggen B, Novakova I, Wessels H,
Boezeman J, Van den Berg HM, Mauser-
Bunschoten EP. The Nijmegen modifica-
tion of the Bethesda assay for factor
VIII:C inhibitors: improved specificity and
reliability. Thromb Haemost 1995; 73:
247-51.

18. Kasper CK, Aledort LM, Aronson D,
Counts RB, Edson JR, van Eys J, et al. A
more uniform measurement of factor VIII
inhibitors. Thromb Diath Haemorrh 1975;
43:612.

19. Bollard CM, Teague CR, Berry EW, Ock-
elford PA. The use of central venous
catheters (portacaths) in children with
haemophilia. Haemophilia 2000;6:66-70.

20. Medeiros D, Miller KL, Rollins NK,
Buchanan GR. Contrast venography in
young hemophiliacs with implantable
central venous access devices.
Haemophilia 1998; 4:10-5.

21. Warrier I, Baird-Cox K, Lusher JM. Use of
central venous catheters in children with
haemophilia: one haemophilia treatment
centre experience. Haemophilia 1997;
3:194-8.

22. Morado M, Jimenez-Yuste V, Villar A.
Complications of central venous
catheters in patients with haemophilia
and inhibitors. Haemophilia 2001;7:551-
6.

23. Grassi CJ, Polak JF. Axillary and subcla-
vian venous thrombosis: follow-up eval-
uation with color Doppler flow US and
venography. Radiology 1990;175:651-4.

Visit our website at www.haematologica.org
to find our full-text articles




