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of anticoagulants, and to identify CRVT risk factors.

central venous access device (CVAD) between 2010 and 2020 that were treated at our
national CIF referral center. Analyses were performed at a CVAD level.

Results: Overall, 1188 CVADs in 389 patients were included (540.800 CVAD days).
Anticoagulants were used in 403 CVADs. In total, 137 CRVTs occurred in 98 patients,
resulting in 0.25 CRVTs/1000 CVAD days (95% Cl, 0.22-0.29). Anticoagulant use was
associated with a decreased CRVT risk (odds ratio [OR] =0.53; 95% Cl,0.31-0.89; P =
0.02). Left-sided CVAD insertion (OR = 2.00; 95% Cl, 1.36-2.94), a history of venous
thrombosis (OR = 1.73; 95% Cl, 1.05-2.84), and a shorter period postinsertion (OR =
0.78; 95% Cl,0.65-0.92) were independently associated with an increased CRVT risk.
Conclusion: Anticoagulants decreased the CRVT risk. In addition, we identified left-
sided vein insertion, a history of venous thrombosis, and a shorter period post-CVAD
insertion as CRVT risk factors. Further prospective studies should provide guidance
whether prophylactic anticoagulant use, especially in higher-risk patients with a left-

sided CVAD or a history of venous thrombosis, is justified.
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CLINICAL RELEVANCY STATEMENT

Patients with chronic intestinal failure (CIF) are lifelong-dependent on
home parental nutrition (HPN). Catheter-related venous thrombosis
(CRVT) is a severe complication of HPN with potentially devastating
consequences such as a vena cava superior syndrome or loss of vascu-
lar access. Although prevention of CRVTs is crucial, only limited data
are available concerning the optimal prevention strategies in patients
with CIF. This study found that anticoagulants were independently
associated with a decreased CRVT risk. In addition, several risk factors
for CRVTs were identified, including left-sided central venous access
device (CVAD) insertion, a history of venous thrombosis, and a shorter
period post-CVAD insertion. These results support the use of anticoag-

ulants as secondary prophylaxis.

INTRODUCTION

Patients with chronic intestinal failure (CIF) inadequately absorb nutri-
ents and/or fluids to sustain health and/or growth. These patients
therefore depend on lifelong home parenteral nutrition (HPN) that
is administered via a central venous access device (CVAD). This is a
complex treatment strategy associated with the development of seri-
ous complications, mainly central line-associated bloodstream infec-
tion (CLABSIs) and catheter-related venous thromboses (CRVTs).!

CRVT is defined as a thrombus in the vein adjacent to a CVAD.?
Factors contributing to the pathogenesis of CRVT include restricted
blood flow within the vessel lumen, endothelial damage following
CVAD insertion, infusion of high-osmolar parental nutrition formu-
lations, and patient-related factors, such as thrombophilia or active
malignancy that lead to a hypercoagulable state.>* The incidence
of CRVT in patients with CIF is estimated between 0.02 and 0.20
events per 1.000 CVAD days.»>¢ A CLABSI is often mentioned as
the most daunting complication of HPN. However, a CRVT may be at
least as serious because of the long-term damage to veins and the
potentially serious consequences, including vena cava superior syn-
drome (VCSS) with potential complete loss of options to obtain cen-
tral venous access. These notions obviate the need for preventive
measures.

Although anticoagulants have been shown to be effective as prophy-
laxis in a range of clinical settings, including (recurrent) deep venous
thrombosis, pulmonary embolism, and atrial fibrillation and malig-
nancy, their relevance to prevent CRVTs in patients with a CVAD
is not clear.”~? As a result, current directives for oncology patients
with a CVAD do not recommend primary prophylactic anticoagu-
lant therapy, and most guidelines only recommend secondary pro-
phylaxis in case of a persistent need for a CVAD.10-13 |n addition,
only limited data and older guidelines are available to guide preven-
tion strategies in CIF patients.2~1¢ The most recent updated ESPEN
guidelines do not recommend primary prophylaxis and recommen-
dations for secondary prophylaxis range from 3 months to lifelong
anticoagulant use based on limited data from (mostly) retrospective

research.b1”

Because evidence to bolster effective patient-tailored CRVT pre-
ventive strategies in CIF treatment is lacking, we conducted an obser-
vational single-center study in our extensive CIF population. Primary
aim was to compare the risk for CRVT in patients with CIF in the
present or absence of anticoagulant use. Secondary aims were to iden-
tify risk factors for CRVTs and assess complications related to the use
of anticoagulants and CRVTs.

PARTICIPANTS AND METHODS
Study design

This retrospective cohort study was conducted at our tertiary refer-
ral center for CIF, established in 1976.18 Patient data were retrieved
from the Nijmegen IF registry, a web-based Castor Electronic Data
Capture database. Patients aged >18 years were eligible for inclusion
if they met the criteria for CIF and received HPN via a tunneled cen-
tral venous catheter or subcutaneous port system for a minimum of 3
months between January 2010 and January 2020. Patients with a non-
tunneled catheter, a peripheral venous catheter, or an arteriovenous
fistula (shunt) were excluded for the time period they only received
HPN via this type of CVAD.

Most CVADs were inserted under ultrasound guidance by the vas-
cular surgeon. Before inserting a CVAD, patency of the major neck or
femoral veins was established using ultrasound. Preoperatively, fluo-
roscopy was used to ensure correct positioning of the CVAD and a
postoperative x ray was performed to rule out complications, mainly
pneumothorax.? No screening for CRVTs was performed.

Data collection

The following data were collected: patient characteristics (sex, age,
underlying disease leading to CIF, and medical history), medication
(anticoagulant use and opiates), CVAD characteristics (starting age,
HPN experience, type of CVAD, and side and vein used for inser-
tion), HPN characteristics (type and infusion frequency), complications
(CRVT, CLABSI, VCSS, infected thrombosis, and pulmonary embolism),
and complications of anticoagulant use (major bleeding, heparin-

induced thrombocytopenia, and heparin hypersensitivity).

Outcomes and definitions

The primary aim of this study was to assess, for the first time to our
knowledge, the risk for CRVT at CVAD level (as opposed to patient
level in previous studies) in patients with CIF in the present or absence
of anticoagulant use. Secondary aims were to identify CRVT-related
risk factors, and to describe anticoagulant-related side-effects and
complications of CRVTs. CRVT was defined as a thrombosis of a vein
along the tract or at the tip of the CVAD.2 The diagnosis was based on

clinical symptoms suggestive for CRVT (eg, edema, venous distension,
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and swelling) or upon using a diagnostic modality (eg, duplex ultrasound
or computed tomography).2 The first CRVT in a patient was defined
as primary and the subsequent event was defined as secondary CRVT.
Anticoagulant use was defined as the use of an anticoagulant prior to
a CRVT. In case no CRVT occurred during a CVAD period, anticoagu-
lant use was defined as use for >50% of the CVAD days. Anticoagu-
lants were categorized as heparin, coumarin derivatives (intravenous
infused or enteral), or direct oral anticoagulants (DOACs). P2Y12-
inhibitors and acetylsalicylic acid were not registered as anticoagu-
lants in this setting. A history of venous thrombosis included CRVTs,
pulmonary embolism, deep venous thrombosis, or a thrombosis else-
where. CLABSI was defined according to the definition of Centers for
Disease Control and Prevention (CDC).1? CLABSIs were included if
they occurred during the CVAD period. When both CLABSI and CRVT
occurred in the same CVAD, the CLABSI was only included when it
occurred before or until 30 days after the CRVT. CVAD time is defined
as the period from insertion until removal. In case a CRVT occurred,
CVAD time is defined as the period from insertion until a CRVT.

Statistical methods

Baseline characteristics were analyzed using descriptive statistics.
Continuous variables were expressed as means with SDs, medians with
interquartile ranges, or numbers with percentages. CVAD complica-
tions were presented as a number of complications per 1.000 CVAD
days with 95% C1.20

Risk factor analyses were performed at CVAD level using multilevel
binary logistic regression. Patients were set as level one, and CVAD
was set as level two. A multilevel approach at CVAD level as compared
with an evaluation merely at patient level was favored because the
former also enables a more detailed analysis of specific CVAD-related
variables.

Possible covariates were sex, age at CVAD insertion, underlying
mechanism of CIF, history of venous thrombosis (pulmonary embolism,
deep venous thrombosis, or venous thrombosis elsewhere), hyperco-
agulable state, history of malignancy (active malignancy or ongoing
treatment), history of inflammatory bowel disease, type of CVAD, side
of CVAD insertion (right or left), vein used for CVAD insertion (jugu-
lar, subclavian, femoral), fluids or nutrition administered through the
CVAD, number of infusion days per week, CVAD time (years), and
occurrence of CLABSI. Covariates with a P-value < 0.10 in a univari-
ate analysis were included in the final multivariate analyses. Previously
reported risk factors (history of venous thrombosis, hypercoagulable
state, active malignancy, and side of CVAD insertion) were included
as fixed confounders. Missing values were excluded from analyses. All
analyses were performed using IBM SPSS Statistics for Windows, ver-
sion 25.0 (IBM Corp Armonk, NY, USA).

Ethical approval

This study was reviewed and approved by the research ethics com-
mittee of the Radboudumc in Nijmegen, the Netherlands (reference

number 2020-6119). This study was reported according to STROBE
guidelines.?!

RESULTS
Study population

Overall, 389 patients with 1.188 CVADs were observed for a total of
540.800 CVAD days; 403 CVADs in the anticoagulant group (183.881
CVAD days) and 785 CVADs in the nonanticoagulant group (356.919
CVAD days). A detailed flowchart of the excluded CVADs can be found
in Figure S1.

Coumarin derivatives were mainly used as anticoagulant (75.4%)
and DOACs the least (5.5%). Baseline characteristics at CVAD level are
presented in Table 1 and at patient level in Table S1. Indications for
anticoagulant use comprised history of CRVT (n = 116), thrombosis at
another site (n = 173), previous shunt occlusion (n = 19), shunt (n = 17),

atrial fibrillation (n = 16), miscellaneous (n = 39), or unknown (n = 23).

CRVT characteristics

In total, 137 CRVTs were reported in 137 CVADs of 98 patients
(Table 2). Eighty-four CRVTs were primary and 53 secondary related.
In 70% of CRVTs, a patient experienced one or more complaints (n =
96, Figure 1). In 19 (68%) of 28 asymptomatic thromboses a diagnostic
modality was performed because of the placement of a new CVAD. In
the remaining nine thromboses, the CRVT was an accidental finding. In
53% of the CVADs with a CRVT, the CRVT was the reason for CVAD
removal.

In total, 84 patients developed a primary CRVT during the observa-
tion period (Figure 2). Fourteen percent of the patients who started
with anticoagulants after a primary CRVT developed a secondary
CRVT. In contrast, 60% of the patients who did not receive anticoagu-
lants developed a secondary CRVT. The overall median time to a CRVT
was 4.5 months (interquartile range [IQR], 1.2-13.8). Eighteen of 84
primary CRVTs (21%) occurred in the first CVAD of a patient with a
median time from start HPN until the first CRVT of 38.9 months (IQR,
14.0-76.7). The median time from the primary to secondary CRVT was
6.4 months (IQR, 4.5-20.0).

Risks for CRVT

The overall CRVT rate was 0.25/1000 CVAD days (95% Cl,0.22-0.29).
CRVT rates in the anticoagulant and nonanticoagulant groups were
0.27/1000 CVAD days (95% Cl, 0.21-0.34) and 0.24 (95% Cl, 0.20-
0.29), respectively (Table 2). The main outcome, anticoagulant use, was
associated with a decreased CRVT risk (adjusted OR = 0.53; 95% ClI,
0.31-0.89; P = 0.02) (Table 3). The results of the univariable logistic

regression analysis are shown in Table S2.
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TABLE 1 Baseline characteristics of CVADs

Baseline characteristics CVADs with anticoagulation (n = 403) CVADs without anticoagulation (n = 785)

Patient characteristics

Female, N (percentage) 305 (76) 571(73)
Age start HPN, mean (+SD), year 48 + 16 50+ 15
Pathological mechanism, N (percentage)
Short bowel syndrome 190 (47) 316 (40)
Gastrointestinal motility disorder 170 (42) 312 (40)
Extensive small bowel mucosal disease 14 (4) 35(5)
Intestinal fistula 7(2) 45 (6)
Mechanical obstruction 7(2) 20(3)
Other 15 (4) 57(7)
Medical history, N (percentage)
Inflammatory bowel disease 68(17) 205 (26)
Active malignancy 2(1) 40(5)
History of venous thrombosis 300 (74) 130(17)
Hypercoagulable state 34 (8) 10(1)

CVAD characteristics

CLABSI, N (percentage) 97 (24) 160 (20)
Anticoagulants, N (percentage)

Coumarin derivatives 303(75)

DOACs 22 (6)

Heparin 77 (19)

Opiates, N (percentage) 190 (47) 318 (41)
Unknown 3(1) 19(2)
Age start CVAD, mean (+SD), years 53 (+15) 52 (+16)
HPN experience at start CVAD, median (IQR), years 3(0.8-7) 0.8(0-3)

Type of CVAD, N (percentage)
Tunneled catheter 323(80) 596 (76)
Subcutaneous port system 80 (20) 189 (24)

CVAD lumen, N (percentage)

Single lumen 363(90) 682 (87)
Multilumen 34 (8) 60 (8)
Unknown 6(2) 43 (6)
Side of vein insertion, N (percentage)
Left 163 (40) 319 (41)
Right 229(57) 438 (56)
Other 4(1) 0(0)
Unknown 7(2) 28 (4)
Vein used for insertion, N (percentage)
Jugular 219(54) 487 (62)
Subclavian 70(17) 210(27)
Femoral 90 (22) 25(3)
Other 16 (4) 6(1)
Unknown 8(2) 57(7)

(Continues)
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TABLE 1 (Continued)

Baseline characteristics
Type of infusion, N (percentage)
Nutrition
Fluids
Unknown
Infusion, N per week, mean (+SD)
Lock solution, N (percentage)
2% taurolidine
Saline
Heparin
1.35% taurolidine, 4% citrate

Unknown

Notes: Because of the analysis at CVAD level, patients could be included multiple times when having had several CVADs, and possibly in both groups.

CVADs with anticoagulation (n = 403)

375(93)
27(7)
1(0.2)
6(+1)

360 (89)
34(8)
2(1)
0(0)
7(2)

CVADs without anticoagulation (n = 785)

653 (83)
127 (16)
5(1)
6(x1)

646 (82)
44 (6)
36(5)
12(2)
47 (6)

Abbreviations: CLABSI, central line-associated bloodstream infection; CVAD, central venous access device; DOAC, direct oral anticoagulant; HPN, home

parental nutrition; IQR, interquartile range.
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FIGURE 1 Clinical symptoms reported prior to a catheter-related venous thrombosis (CRVT) diagnosis

FIGURE 2

84 patients with a primairy CRVT

Secondary CRVT 20 patients did not start 64 patients start Secondary CRVT
12 (60%) with anticoagulants with anticoagulants 9 (14%)
—p 21 patients with a secondary CRVT -

Third CRVT 4 patients did not start 17 patients start Third CRVT
2 (50%) with anticoagulants with anticoagulants 5 (29%)

7 patients with a third CRVT
-

Fourth CRVT

0 patients did not start

0 (0.0%)

with anticoagulants

1 patient start
with anticoagulants

Fourth CRVT

1(14%)

1 patient with a fourth CRVT -+—

Flowchart of patients developing CRVTs after a primary event. CVAD only patients with a primary CRVT were selected for this

figure. CRVT, catheter-related venous thrombosis; CVAD, central vascular access device
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Incidence rates of CRVTs and complications of CRVTs and anticoagulants

TABLE 2

=1188)

Total (n

785)

Events CVADdays Rateper 1.000 CVAD days(95%Cl) Events CVADdays Rateper 1.000 CVAD days(95%Cl) Events CVADdays Rate per 1.000 CVAD days (95% Cl)

CVADs without anticoagulants (n

=403)

CVADs with anticoagulants (n

0.25(0.22-0.29)

540.800

137

0.24(0.20-0.29)

356.919

87

0.27(0.21-0.34)

183.881

50

CRVTs

Complications of CRVT

0.02(0.01-0.04)

540.800

0.02(0.01- 0.04)

356.919

6

0.04 (0.02- 0.08)

183.881

Infected thrombosis 7

VCSS

0.03(0.02-0.05)

540.800

0.03(0.02- 0.05)

356.919

10

0.03(0.02- 0.07)

183.881

6

Complications of anticoagulants

0.06 (0.04-0.08)

540.800

0.04 (0.02-0.06)

356.919

13

0.10(0.07- 0.16)

183.881

19

Major bleeding

Notes: Rates are unadjusted and presented as events per 1.000 CVAD days.
Abbreviations: CRVT, catheter-related venous thrombosis; CVAD, central venous access device; VCSS, vena cava superior syndrome.

TABLE 3 Multivariate multilevel logistic regression of factors
associated with a catheter-related venous thrombosis in patients with
chronic intestinal failure

Variable Odds ratio (95% Cl) P-value
Anticoagulants

No Reference

Yes 0.53(0.31-0.89) 0.02
History of venous thrombosis

No Reference

Yes 1.73(1.05-2.84) 0.03
Hypercoagulable state

No Reference

Yes 2.16(0.84-5.56) 0.11
Active malignancy

No Reference

Yes 0.43(0.10-1.93) 0.27
CLABSI

No Reference

Yes 1.48(0.96-2.28) 0.08
CVAD time, years 0.78 (0.65-0.92) 0.004
Side of vein insertion

Right Reference

Left 2.00(1.36-2.94) 0.00
Vein used for insertion

Jugular vein Reference

Subclavian vein 1.05(0.66-1.66) 0.85

Femoral vein 1.64 (0.89-3.02) 0.11

Subclavian vein Reference

Femoral vein 1.58 (0.80-3.09) 0.19

Note: Risk factors were analyzed using multivariate multilevel logistic
regression. Variables with P < 0.10 in the univariable analysis and/or fixed
confounders were included. Fixed confounders included active malignancy,
history of venous thrombosis, hypercoagulable state, and side of insertion.
Abbreviations: CLABSI, central line-associated bloodstream infection;
CVAD, central venous access device.

Other risk factors independently associated with an increased
CRVT risk were left-sided CVAD insertion (adjusted OR, 2.00; 95% ClI,
1.36-2.94; P = 0.00), history of venous thrombosis (adjusted OR, 1.73;
95% Cl, 1.05-2.84; P=0.03), and a shorter period post-CVAD insertion
(adjusted OR, 0.78; 95% Cl,0.65-0.92; P = 0.004) (Table 3).

Complications of CRVT and anticoagulants

CRVT-related complications were reported in 28 CVADs (2.4%), 13
infected thromboses, and 16 VCSS. In total, 32 major bleedings
occurred and were predominantly gastrointestinal in origin (n = 17).
Other major bleedings were postsurgical (n = 6), intramuscular (n = 4),

urinary tract (n = 2), cerebral (n = 1), intra-articular (n = 1), or unknown
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(n = 1) (Table 2). Overall, 30 other thrombotic events occurred, of
which 13 deep venous thrombosis (0.02/1000 CVAD days [95% Cl,
0.01-0.04)) and 17 pulmonary embolisms (0.03/1000 CVAD days [95%
Cl, 0.02-0.05)). Three pulmonary embolisms were most likely sec-
ondary to a CRVT and one secondary to a deep venous thrombosis.
Thirty-eight percent of the patients used anticoagulants prior to a deep
venous thrombosis and 24% prior to a pulmonary embolism. There
were no patients with heparin-induced thrombocytopenia and only
one patient with possible heparin hypersensitivity.

DISCUSSION

Patients with CIF are at risk for CVAD-related complications, includ-
ing CRVTs. This retrospective cohort study aimed to compare the
risk for CRVTs in patients with CIF based on anticoagulant use. Also,
we assessed CRVT-related risk factors and complications related to
CRVTs and anticoagulant use.

Our results suggest that CRVT risk was reduced in patients with
CIF while using anticoagulants. Previous work by Barco et al showed
a nonsignificant decrease in incidence rate of the first venous throm-
bosis in patients using anticoagulants with an adjusted hazard ratio
of 0.72.%2 It is important to note that these authors reported a com-
bined end point of all venous thrombotic events, which might explain
their rather high incidence (0.31/1000 CVAD days vs our 0.25/1000
CVAD days) and reference literature data (0.08-0.20/1000 CVAD
days).6:23-25

The available literature is seriously hampered by the absence of a
uniform definition to coin CRVT, ranging from asymptomatic to symp-
tomatic CRVTs with varying incidence rates that may or may not be
based on imaging techniques. Future research would obviously bene-
fit from a uniform definition. In the present study, we reported both
asymptomatic and symptomatic CRVTs, which contribute to our higher
incidence rate. Notably, up to 20% of CRVTs was asymptomatic in
this study, and even sums up to two-third in the literature.®2¢ In
contrast, the only recent prospective study in patients with CIF to
establish asymptomatic and symptomatic CRVTs did not pick up any
asymptomatic thromboses which, might suggest a power issue.* Nev-
ertheless, these findings suggest an urgency for robust studies on the
relevance of a screening policy to pick up (asymptomatic) CRVTs in
patients with CIF at an earlier stage.

Although our cohort revealed three risks factors, that is, left-sided
CVAD insertion, history of venous thrombosis, and a shorter period
post-CVAD insertion, we did not pick up known risk factors as malig-
nancy and hypercoagulable state, probably due to a lack of power.

We previously identified left-sided CVAD insertion as a strong
risk factor for CRVT.2 Although this association has not been
described in populations with CIF yet, the finding is echoed in other
conditions.'327:28 There is some discussion whether left-sided CVADs
are at increased risk of malpositioning and hence thrombosis. We
therefore only included CVADs with a life span >2 days. This, of course
does not rule out a more difficult placement procedure that causes

problems later on.

The second CRVT risk factor concerned a shorter period post-CVAD
insertion, most probably reflecting per procedural vascular damage.
Also, in patients with other CRVT risk factors, the CVAD most likely
establishes as an additional threat that manifests early after CVAD
insertion. Our data support findings by Barco et al, who reported a
higher incidence rate of venous thromboses in the first year after
CVAD placement.??2 Our median time to the onset of thrombosis (4.5
months) closely resembles previous data (3.8 months) of Brandt et al.23
Overall, these findings indicate that we should be most concerned
about CRVTs within the first year after insertion and routine screening
at this early stage might be indicated.

Lastly, a history of venous thrombosis was associated with a higher
risk for CRVT, which is in line with the literature.® This was supported
by the fact that 25% of patients with a primary CRVT developed a sec-
ond episode, of which 60% in those without anticoagulants and only
14% in the presence of anticoagulants (Figure 2). Although descriptive
in nature, these data show that anticoagulants as secondary prophy-
laxis should be considered, in line with guidelines for patients with a
malignancy using long-term CVADs.10-13

Permanent vascular damage, for instance in the form of VCSS, is the
most devastating consequence of CRVTs. This may result in a neces-
sity to use less favorable veins to create a venous access or ultimately
results in a loss of venous access. In our cohort, we found a VCSS inci-
dence slightly below previous literature data (0.05-0.12/1000 CVAD
days).2227:30 To prevent such problems, optimal timing to start antico-
agulants is crucial. In contrast, anticoagulants may have serious side-
effects. The incidence of major bleedings in the anticoagulant group
was 2.5-fold higher than in the nonanticoagulant group, yet without
any fatal bleeding in either group. These rates are comparable to data
from Barco et al.

Given the potential side-effects of anticoagulants, the dilemma
remains which patients should be started on primary prophylaxis. The
consideration to start primary prophylaxis is more delicate compared
with secondary prophylaxis because of the relatively low incidence of
primary CRVTs. To balance these risks and benefits, we should con-
sider the possibly devastating consequences of even a single CRVT
episode, including VCSS, against the side-effects of anticoagulants. In
the absence of strong evidence at this point, the decision to start with
primary prophylaxis at the individual level seems most prudent. Identi-
fication of formerly mentioned risk factors for CRVTs helps to stratify
these patients. At this point the evidence to justify starting anticoagu-
lants as primary prophylaxis, seems too thin in the absence of guidance
by prospective clinical data and additional risk factor analyses.

The main strengths of this study are the multilevel analysis at CVAD
level rather than only patient level and the comprehensive available
information on CVAD characteristics and complications. Therefore, we
were able to correct for multiple confounders. It has to be consid-
ered that most patients with CIF depend on their CVAD for the rest
of their lives; during this long period many changes are made in pre-
scribed medications, HPN treatment, and different types of CVAD may
be used within one patient. Another strength is the substantial num-
ber of patients and CVAD days evaluated from a single-center, with less

variability in patient/caregiver training and technical procedures.
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The main limitation of this study is its retrospective design with the
associated biases. Despite the detailed patient reports and data captur-
ing in the database and the electronic health records since 2010, miss-
ing data always remains a concern. Also, we were unable to retrieve all
data on anticoagulants (coumarin derivates) monitoring, which in the
Netherlands is performed by an external service. Lastly, due to power
issues, we were unable to perform subgroup analyses of the different
anticoagulant groups.

In conclusion, our study showed that anticoagulants substantially
decreased the risk for CRVTs in patients with CIF. In addition, several
risk factors for CRVTs were found, including left-sided CVAD insertion,
history of venous thrombosis and a shorter period post-CVAD inser-
tion. Our results support the use of secondary prophylaxis; however,
we consider the evidence too weak at this point to justify starting anti-
coagulants as primary prophylaxis, even in patients with the previously
mentioned risk factors. Based on these notions, a prospective, ade-
quately powered exploration of the efficacy of anticoagulants in a well-
defined population of (high-risk) patients with CIF for primary CRVT

prophylaxis seems indicated.
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