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Table 1. Included studies in chronological order.

Study Design Countries Patients CVAD types Therapy
Joshi et al. [27] Case report UK 1 A, severe Hickman On demand
Miser et al. [28] Case report USA 1 A, severe Broviac Prophylaxis, every other day
McWhirter and Case report Australia 1 A, severe Port-A-Cath Prophylaxis; 28 TU kg™
Gray [29] on alternate days starting
6 weeks post implantation
Hockenberry et al. [30] Case report USA 1A Infuse-A-Port On demand
Schultz et al. [31] Case report USA 1 A, severe Infuse-A-Port On demand
Girvan et al. [2] Single-centre cohort plus Canada 8 A and 1 B cohort; Seven Hickman and Home infusion for cohort;
Canadian Haemophilia survey population four Port-A-Cath in survey regimen unspecified
Centre Directors Group unspecified cohort; 56 CVADs
multicentre survey in survey
Lilleyman [3] Retrospective UK 4 A with inhibitors Port-A-Cath Home ITT
Manco-Johnson er al. [4] Prospective USA 12A,1B Five Medi-Port; Secondary prophylaxis
three Broviac
Goldsmith er al. [6] Single-centre cohort USA 20 haemophiliacs 36 Hickman/Broviac, 17 ITT, three difficult
three Port-A-Cath VEnous access
Hilgartner and Kleinert [7] Retrospective USA 17 A, one factor IX and 15 Infuse-A-Port, ITT, prophylaxis,
V deficiency; all severe seven Broviac venous access
Blanchette er al. [9] Prospective Canada 17 A, 2 B; 18 severe, 23 Port-A-Cath, one 13 prophylaxis, two
one moderate Hickman, one Roko intermittent, two ITT,
two HIV complication
therapy
Perkins et al. [10] Retrospective USA 25 A, 7 B, three vWD; Port-A-Cath Difficult venous access

Ragni eral. [11]
Warrier et al. [12]

Geraghty and Kleinert [13]

Ljung et al. [14]

Medeiros et al. [15]*

Miller et al. [16]

Santagostino et al. [17]
Blanchette er al. [18]
Kreuz et al. [19]

Vidler et al. [20]
Bollard er al. [32]

Damiano et al. [33]
Feldman et al. [34]
Li et al. [35]

Ljung er al. [36]

Manco-Johnson et al. [37]
McMahon et al. [38]

Rothschild et al. [39]
Hothi er al. [40]
Journeycake et al. [41]

Mannucci et al. [42]
Morado et al. [43]

Santagostino et al. [44]
van den Berg et al. [45]

CDC [46]

DiMichele and Kroner
Ettingshausen er al. [48]
Girisch et al. [49]
Panicker et al. [50]
Tussell et al. [51]

Tusell er al. [52]

van Dijk et al. [55]

Wiegand et al. [53]
Yee et al. [54]

Domm et al. [21]

Tarantino et al. [22]

Survey of 202 HTCs
Single-centre cohort

Survey of 153 HTCs
Retrospective, seven HTCs

Retrospective

Retrospective, two affiliated
Children’s Hospitals

Prospective

Prospective
Prospective

Case reports
Retrospective

Retrospective survey of 17
HTCs
Prospective, inception cohort

Case report
Survey of 20 HTCs

Prospective
Retrospective

Prospective
Case report
Retrospective

Prospective, randomized
Single-centre cohort

Prospective
Retrospective

Prospective, CDC

Universal Data Collection
Program from 134 federally
funded HTCs

Survey

Prospective

Unspecified
Single-centre cohort
Prospective

Registry, seven HTCs

Retrospective

Case report

Inception cohort for
prospective study

Single-centre retrospective

Single-centre prospective

USA and Puerto Rico
USA

USA and Puerto Rico

Sweden, Denmark,
The Netherlands,
Finland, Germany

USA

USA

Ttaly
Canada

Germany

UK
New Zealand

USA

Canada

China

16 European countries

USA
UK and Ireland

France
USA

Ttaly
Spain

Italy
The Netherlands

USA

USA and Canada
Germany
Germany

USA

Spain

Spain

The Netherlands

Germany
UK

USA
USA

6 A and 2 B with
inhibitors

183 A and B

18 A, 4 B,one vWD

528 haemophiliacs

45 A (41 severe, three
moderate, one mild); 8 B
(six severe, two moderate)

19A,2B

37 A, 8 B; 42 severe or
moderate, three mild

15 A; 14 severe,
one moderate

16 haemophiliacs

Six CVAD recipients among
21 A and B patients (severe
and moderate)

2 severe A with inhibitors

13A,1B

75 CVAD recipients among
98 A and 6 B with inhibitors
9 severe A

1 severe A
135 haemophiliacs

40 severe A

42 A, 4 B, seven other severe
inherited coagulation defects,
four congenital platelet
disorders, one unspecified;
inhibitors in 13 A and 1 B

10 A; nine severe, one mild

1 severe

13 A, 2 B; all severe

11 severe A

14 A (12 severe, two moderate),
1B

21 severe A, one severe
factor VII deficiency

Six CVAD recipients among
70Aand 5B

912 and 35 CVAD
recipients from 7664
haemophiliacs and 1667 vWD
patients, respectively

164 A, 16 B; 150 A
severe, 14 B severe

25 severe A; all previously
untreated

22 A, 3 B; all severe

Five severe haemophiliacs

33 A, 1 B, three vWD,
one factor V deficiency

19 A, 3 B; all severe;
four with inhibitors

One severe A, 7 with inhibitors
A, 1B

22 severe A; all paediatric;
nine with inhibitors
59 haemophiliacs

Implanted, Broviac, Hickman
25 Broviac, 10 Port-A-Cath

353 internal, 178 external

Port-A-Cath

Port-A-Cath

41 internal,
eight external

Port-A-Cath

Internal
Port-A-Cath

Port-A-Cath
Port-A-Cath

Unspecified
Unspecified
Groshong
Port-A-Cath preferred

Unspecified
77 Port-A-Cath, five external

Baby Port
Port-A-Cath
Internal (e.g. Port-A-Cath)

Unspecified

Eight Hickman,
six Port-A-Cath

Port-A-Cath

Port-A-Cath

Unspecified

Internal and external
Internal, Hickman

Port-A-Cath
Unspecified
Unspecified
Unspecified

Port-A-Cath

Implanted

Three Port-A-Cath, one MRI

Port, seven unspecified

27 Port-A-Cath, two Broviac,
one Hickman

Internal

107 prophylaxis, 76 ITT

ITT, treatment of intracranial
haemorrhages, and
HIV-related complications,
primary and secondary
prophylaxis

218 venous access, 122 ITT,
86 secondary prophylaxis,
69 primary prophylaxis

Difficult venous access

13 prophylaxis,
six ITT, two on demand

26 venous access for prophylaxis
or frequent on-demand therapy,

eight ITT, seven HIV, four
prophylaxis after intracranial
haemorrhage

Prophylaxis and ITT

Unspecified
Prophylaxis

ITT

Seven primary prophylaxis,
four on demand/secondary
prophylaxis, two ITT, one
POOr venous access

ITT

Primary prophylaxis

Continuous secondary
prophylaxis

Primary and secondary
prophylaxis, on demand

21 prophylaxis, 19 on demand

34 prophylaxis, 12 on demand,
121TT

Nine ITT, one prophylaxis

Prophylaxis

12 primary prophylaxis,
three ITT

Prophylaxis

ITT

19 prophylaxis, three ITT
Difficult venous access

On demand, prophylaxis

ITT
Prophylaxis, ITT, on demand

Four prophylaxis, two ITT
Secondary prophylaxis
Prophylaxis
32 ITT, 10 prophylaxis,
five ITT followed by
prophylaxis, one on demand
Venous access problems

ITT

Primary and secondary
prophylaxis

Prophylaxis or ITT

Difficult venous access

CVAD, central venous access device; A, haemophilia A; B, haemophilia B; HTC, haemophilia treatment centre; ITT, immune tolerance therapy; vWD, von Willebrand

disease. *Data for nine patients appeared in a subsequent report [41]. Only the later data for these patients were used in the meta-analysis.



Table 2. Summary study, patient and CVAD data.
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Table 3. Predictors of infection by multivariate analysis.

% n
Studies
Study design
Prospective 31.2 15
Other 68.8 33
Patients with CVADs*
Age at CVAD placement (years)
<2 9.6 144
2-6 62.5 942
>6 27.9 420
Congenital coagulation disorder
Haemophilia A 77.6 308
Haemophilia B 9.6 38
von Willebrand disease 9.3 37
Other 3.5 14
Haemophilia severity
Severe 94.9 261
Non-severe 51 14
Inhibitors
Absent 62.5 499
Present 37.5 299
HIV
Negative 95.3 322
Positive 4.7 16
Indication for CVAD
On demand 3.3 27
Prophylaxis 29.1 236
ITT 34.9 283
Difficult venous access 31.8 258
Other 0.9 7
History of prior CVAD use
No 78.5 124
Yes 21.5 34
Diagnostic imaging
Not used 60.8 118
Used in some or all patients 39.2 76
CVADs*
Tunnelled CVAD design
Fully implanted 77.4 902
External 22.6 263
CVAD type
Port-A-Cath 67.5 289
Broviac 12.6 54
Hickman 6.6 28
Other 13.3 57
CVAD, central venous access device; ITT, immune tolerance
therapy.

*Data not reported for these parameters in all studies.
tPrimarily venography or, less frequently, ultrasonography used to
diagnose or confirm thrombosis.
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Incidence
Variable rate ratio CI
Age
<2 years vs. 2—6 years 1.09 0.66-1.80
>6 years vs. 2—6 years 0.46 0.27-0.79
Inhibitors present 1.67 1.15-2.43
Use of fully implanted CVAD 0.31 0.12-0.86

CVAD, central venous access device.
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Table 4. Predictors of thrombosis by multivariate analysis.

Incidence
Variable rate ratio CI
Age
<2 years vs. 2—6 years 1.02 0.26-4.08
>6 years vs. 2—6 years 0.60 0.17-2.14
Inhibitors present 0.80 0.24-2.70
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