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Elevated levels of D-dimer and fragment 1+2 upon
central venous catheter insertion and factor V Leiden
predict subclavian vein thrombosis

Patients undergoing allogeneic bone
marrow transplantation require long-
term venous access for the adminis-

tration of medication, blood products, par-
enteral hyperalimentation and blood sam-
pling. Therefore central venous catheters
(CVC) with a double or triple lumen,
mostly Hickman catheters, are inserted.
Numerous complications have been
reported after insertion of central venous
catheters, the most significant ones being
infection and thrombotic complications.
Thrombotic complications are found in 4-
42% of all cases.1-9 The risk of developing
thrombosis or bacteremia seems to be
higher with the use of triple-lumen CVC
than with double or single lumen
catheters.3-5 Predictive testing to identify
patients who are at risk of developing
thrombosis could be helpful to develop
antithrombotic strategies.

A hypercoagulable or prethrombotic state, 10

which is characterized by an imbalance
between coagulation and anticoagulation,
may be a preliminary stage leading to the
formation of a thrombus. Coagulation is
triggered by tissue factor and after several
steps activated factor X is formed.
Prothrombin fragment 1+2 is released
when activated factor X cleaves prothrom-
bin to produce thrombin. Free thrombin
converts fibrinogen into fibrin, which is
cross-linked by thrombin-activated factor
XIII. Cross-linked fibrin is lysed by plas-
min producing the proteolytic derivative,
D-dimer. Thus levels of fragment 1+2 are
increased on activation of coagulation,
while D-dimer can be used as a marker of
fibrinolytic activity. The congenital factor
V Leiden mutation leads to hypercoagula-
bility and manifests as resistance to acti-
vated protein C. It is the most common
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Background and Objectives. Subclavian vein thrombosis is a well-recognized complication
following central venous catheter insertion. We studied whether the determination of D-
dimer levels, fragment 1+2 levels and factor V Leiden can identify patients at high risk of
developing subclavian vein thrombosis.

Design and Methods. The presence of central venous catheter associated thrombosis was
analyzed in 235 patients undergoing allogeneic bone marrow transplantation, of whom 30
(13%) developed thrombosis. A case-control study was performed with 30 patients
matched for age, gender, and type of transplantation who did not develop thrombosis.
Blood was sampled 3-5 days after catheter insertion. D-dimer levels were determined
using a latex microparticle assay and an enzyme linked immunosorbent assay (ELISA). An
ELISA was used to determine fragment 1+2 levels. The factor V genotype was determined
by polymerase chain reaction.

Results. The levels of D-dimer and fragment 1+2 were significantly elevated in the patients
who developed thrombosis. Five patients tested positive for factor V Leiden and all 5
developed subclavian vein thrombosis. Patients with high D-dimer levels (> 1300 µg/L
measured by latex agglutination and >350 µg/L measured by ELISA) had a 7.0 and 6.0
times higher risk of developing subclavian vein thrombosis, respectively. A 5.5-fold
increased risk of thrombosis was observed in patients with a fragment 1+2 level higher
than 1.300 nmol/L. This resulted in positive predictive values of 0.78, 0.80 and 0.83 for
the fragment 1+2, D-dimer and D-dimer latex agglutination assays, respectively. The
accompanying negative predictive values were 0.39, 0.40 and 0.42, respectively. 

Interpretations and Conclusions. We conclude that the measurement of D-dimer and frag-
ment 1+2 levels after central venous catheter insertion, as well as factor V Leiden deter-
mination, can be used to identify patients at high risk of developing symptomatic subcla-
vian vein thrombosis.
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defect underlying venous thromboembolism, with a
prevalence of 3-5% in The Netherlands.11 We have
previously shown that patients with factor V Leiden
have a 7.7 (95% CI 3.3-17.9)-fold increased risk of
developing CVC-associated thrombosis.12

We analyzed the presence of CVC-associated
thrombosis in 235 consecutive patients undergoing
bone marrow transplantation. A case-control study
was performed to determine whether levels of D-
dimer, fragment 1+2 and factor V Leiden can identify
patients at risk of developing subclavian vein throm-
bosis.

Design and Methods

Patients
A cohort of 255 consecutive patients who received

an allogeneic bone marrow transplantation was stud-
ied from July 1996 until April 2002 at the Hematol-
ogy Department of the University Medical Center
Utrecht (UMCU). All 255 patients received a double
or triple lumen Hickman catheter. Twenty patients
were excluded from the analysis because plasma
samples were lacking. Of the remaining 235 patients,
172 patients had an HLA-identical donor and 63
patients a matched unrelated donor. Thirty out of
235 patients developed thrombosis after the insertion
of the central venous catheter. These 30 patients
were matched with another 30 patients, also from
this group of 235 patients, who had not developed
thrombosis. They were matched by age, gender and
type of bone marrow transplantation. The patients’
characteristics are listed in Table 1. The physicians
were not aware of the factor V Leiden status, D-
dimer or fragment 1+2 levels and those performing
the D-dimer, fragment 1+2 and factor V Leiden test-
ing were blinded to clinical outcome. All patients
gave informed consent.

Treatment regimen
All patients had a tunnelled Hickman catheter

(Bard Benelux NV, Nieuwegein, The Netherlands),
inserted under sterile conditions in the operating
room. Patients receiving an HLA-identical bone mar-
row transplant had a double-lumen catheter inserted,
while a triple-lumen catheter was used in patients
receiving a matched unrelated bone marrow trans-
plant. A standard insertion technique was used, con-
sisting of direct puncture of the infraclavicular vein,
introduction of a guide wire, radiological confirma-
tion of the correct position of the guide wire, dilata-
tion of the entry route, creation of a subcutaneous
tunnel, and insertion of the catheter. All catheters
were correctly positioned with the tip in the superi-
or vena cava. Each lumen was tested for adequate

aspiration and infusion characteristics and flushed
with heparin-saline (100 IU/mL). A postoperative
chest X-ray was performed routinely to detect inad-
vertent pneumothorax and to confirm correct place-
ment of the catheter. All patients received thrombo-
sis prophylaxis: a daily dose of 5700 IE/day of
nadroparin s.c. was started before insertion of the
central venous catheter and continued for a period of
10 days. All patients received 2 g of cephalotin intra-
venously one hour before insertion of the catheter.
Catheters were flushed with 9 mL of 0.9% saline
solution followed by 7 mL of heparin (100 IU/mL).
Flushing was performed once a day. The catheter
was also flushed after blood withdrawal and after
administration of medicines or blood products.
Conditioning therapy consisted of cyclophos-
phamide and total body irradiation. All patients with
a matched unrelated donor received anti-thymocyte
globulin and low dose heparin (100 IU/kg) for a peri-
od of 4 weeks, starting 5 days before the transplanta-
tion, in order to prevent veno-occlusive disease of the
liver. All patients were hospitalized during the period
of transplantation. Catheters were removed before
leaving the hospital. All patients had a standardized
outpatient follow-up for at least 3 months and were
seen twice a week. 

Diagnosis and clinical signs of thrombosis
In all cases of clinical signs of thrombosis, i.e.

swelling and/or redness of the limb or venous
engorgement, a color flow Doppler imaging exami-
nation was performed.13-15 If the clinical signs of
thrombosis persisted but the initial color flow
Doppler imaging was negative, the Doppler exami-
ination was repeated. Thereafter contrast venogra-
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Table 1. Underlying diseases and characteristics of 60 patients
(30 patients with thrombosis and 30 patients without thrombo-
sis).  

Thrombosis No thrombosis

Disease (%)
Acute myeloid leukemia (AML) 9 (30) 4 (13)
Acute lymphoid leukemia (ALL) 1 (3) 8 (27)
Chronic myeloid leukemia (CML) 9 (30) 5 (17)
Myelodysplastic syndrome (MDS) 2 (7) 2 (7)
Severe anaplastic anemia (SAA) 4 (13) 1 (3)
Non-Hodgkin’s lymphoma (NHL) 2 (7) 4 (13)
Multiple myeloma (MM) 3 (10) 6 (20)

Type of transplantation (%)
HLA-identical 21 (70) 21 (70)
Matched unrelated donor (MUD) 9 (30) 9 (30)

Mean age in years (range) 41 (23-55) 40 (21-62)

Male gender (%) 15 (50) 15 (50)
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phy was performed (n=2). In patients with a docu-
mented thrombus the catheter was removed and
heparin was given i.v. for 5 days, followed by anti-
coagulant therapy for 3 months.

Blood samples and hemostatic parameters
Blood samples were collected 3-5 days after inser-

tion of the venous catheter, immediately prior to the
conditioning regimen of the bone marrow transplan-
tation. Blood was taken from the catheter. Samples
were stored at -80°C. 

The D-dimer levels were determined using an
automated microparticle latex agglutination D-dimer
assay, Tina-quant® (Roche Diagnostics, Germany)
and an ELISA, TintElize® (Biopool International,
Sweden). The Tina-quant D-dimer assay has a nor-
mal value of 500 µg/L and the normal value of the
TintElize D-dimer assay is 39 ng/mL.

Fragment 1+2 levels were assayed using
Enzygnost® Fragment 1+2 micro (Dade Behring,
Germany). The factor V Arg506/Gln506 genotype
was determined in pre-bone marrow transplantation
DNA by polymerase chain reaction analysis and
hybridization with allele-specific oligonucleotides.16

Statistical analysis
Contingency table analyses were performed with

a standard χ2 test. The relation between the contin-
uous variables was investigated by linear regression
analysis. The risk of thrombosis for levels of D-
dimer or fragment 1+2 and factor V Leiden was
investigated by multivariate logistic regression
analysis. Cut-off points for the D-dimer and frag-
ment 1+2 assays were based upon optimal sensitiv-
ity and specificity, using receiver operating charac-
teristics (ROC) curves. Statistical evaluation was
performed using the SPSS package, version 10.0 for
Windows (SPSS INC, Chicago, USA).

Results

Thirty of 235 patients (13%) developed a CVC-
associated thrombosis. The mean time to thrombosis
after insertion of the central venous catheter was 36
days (range 8-95 days), the median time was 26 days.
Based on optimal sensitivity and specificity we estab-
lished a cut-off point for the D-dimer latex agglutina-
tion assay of 1300 µg/L, a cut-off point of 350 µg/L
for the D-dimer ELISA and a cut-off point of 1.300
nmol/L for the fragment 1+2 assay.

D-dimer (latex agglutination assay)
Three to five days after catheter insertion, the

mean level of D-dimer in the patients who developed
CVC-associated thrombosis was 1573 µg/L
(range=186-13067 µg/L), whereas the mean value in
the group of patients without thrombosis was 742
µg/L (range 0-2298 µg/L) (p=0.01) (Figure 1). Ten out
of 12 patients (83%) with D-dimer levels higher than
1.300 µg/L developed catheter-associated thrombosis
while 20 out of 48 patients (42%) with D-dimer lev-
els lower than 1300 µg/L developed thrombosis giv-
ing a positive and negative predictive value of 0.83
and 0.42, respectively. The odds-ratio was 7.0 (95%
CI=1.4-35.5). The sensitivity and specificity were
0.33 and 0.93, respectively (Table 2A). The mean
time to thrombosis was 35.9 days for patients with
D-dimer levels higher than 1300 µg/L and 35.4 days
for patients with D-dimer levels lower than 1300
µg/L (p=0.96). 

D-dimer (ELISA)
The mean level of D-dimer in the patients who

developed CVC-associated thrombosis was 438 µg/L
(range 66-2727 µg/L), whereas the mean value in the
group of patients without thrombosis was 233 µg/L

Prediction of thrombosis after CVC insertion

Figure 1. Mean d-Dimer and
fragment 1+2 levels in plasma
samples taken 3-5 days after
catheter insertion comparing
patients who developed central
venous catheter associated
thrombosis to patients without
central venous catheter associ-
ated thrombosis.
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(range 39-965 µg/L) (p=0.007) (Figure 1). Twelve out
of 15 patients (80%) with D-dimer levels higher
than 350 µg/L developed catheter-associated throm-
bosis while 18 out of 45 patients (40%) with D-
dimer levels lower than 350 µg/L developed throm-
bosis giving a positive and negative predictive value
of 0.80 and 0.40, respectively. The odds-ratio was
6.0 (95% CI=1.5-24.3). The sensitivity and specifici-
ty were 0.40 and 0.90, respectively (Table 2A). 

The mean time to thrombosis was 38.4 days for
patients with D-dimer levels higher than 350 µg/L
and 31.8 days for patients with D-dimer levels
lower than 350 µg/L (p=0.47). 

Fragment 1+2 (ELISA)
The mean level of fragment 1+2 in the patients

who developed CVC-associated thrombosis was
1.434 nmol/L (range 0.390-3.690 nmol/L), whereas
the mean value in the group of patients without
thrombosis was 1.004 nmol/L (range 0.400-1.960
nmol/L) (p=0.006) (Figure 1). Fourteen out of 18
patients (78%) with fragment 1+2 levels above
1.300 nmol/L developed a catheter-associated

thrombosis compared to 16 out of 41 patients (39%)
with fragment 1+2 levels lower than 1.300 nmol/L
giving a positive and negative predictive value of
0.78 and 0.39, respectively. The odds-ratio was 5.5
(95% CI=1.5-19.6). The sensitivity and specificity
were 0.47 and 0.86, respectively (Table 2A).

The mean time to thrombosis was 45.3 days for
patients with fragment 1+2 levels above 1.300
nmol/L and 24.8 days for patients with fragment
1+2 levels lower than 1.300 nmol/L (p=0.017).

Factor V Leiden
Five patients in the thrombosis group tested posi-

tive for factor V Leiden (17%), while all the patients
in the group without thrombosis were negative for
the mutation (p<0.02), giving a sensitivity and speci-
ficity of 0.16 and 1.0 and a positive and negative
predictive value of 1.0 and 0.45, respectively.

We found no significant correlation between fac-
tor V Leiden and the levels of D-dimer and fragment
1+2. The associations between levels of D-dimer
and fragment 1+2 and CVC-associated thrombosis
still existed after the exclusion of all patients with
the factor V Leiden mutation (Table 2B).

Discussion

This study was designed to demonstrate whether a
hypercoagulable state upon central venous catheter
insertion could be used to predict an increased risk of
developing symptomatic thrombosis. 

To confirm thrombosis in symptomatic patients
we used color flow Doppler imaging. This tech-
nique is known to have a sensitivity and specificity
of 56%-100% and 82%-100%, respectively.13-15 This
relatively low sensitivity of ultrasonography could
lead to a high number of false-negatives, thus
underestimating the incidence of upper-extremity
deep venous thrombosis. Therefore, if clinical signs
persisted despite the initial color flow Doppler
imaging being negative, the ultrasound examination
was repeated and, finally, in two patients venogra-
phy was performed. In order to prevent a possible
disturbance or influence of the catheter insertion
and/or chemotherapeutic intervention we analyzed
plasma samples taken 3-5 days after catheter inser-
tion and immediately prior to administration of the
conditioning regimen of the bone marrow trans-
plantation. Our study shows that measuring levels of
D-dimer and fragment 1+2 as well as factor V Leiden
determination can predict a risk of subclavian vein
thrombosis. Patients with high D-dimer levels
(>1300 µg/L, measured by latex agglutination and
>350 µg/L measured by ELISA) had 7.0 and 6.0 times
higher risk of developing subclavian vein thrombosis,

F.H. Jansen et al.

Table 2A. Results of the D-dimer, fragment 1+2 and factor V
Leiden assays.  

Cut-off PPV NPV Sens. Spec. OR 95% CI
point

D-dimer 1300 0.83 0.42 0.33 0.93 7.0 1.4-35.5
(latex agglutination) µg/L

D-dimer (ELISA) 350 0.80 0.40 0.40 0.90 6.0 1.5-24.3
µg/L

Fragment 1+2 (ELISA) 1.300 0.78 0.39 0.47 0.86 5.5 1.5-19.6
nmol/L

Factor V Leiden − 1.0 0.45 0.16 1.0 − −

Table 2B. Results for the D-dimer and fragment 1+2 assays,
excluding factor V Leiden patients.  

Cut-off point PPV NPV Sens. Spec. OR 95% CI

D-dimer 1300 0.82 0.36 0.36 0,90 7.9 1.5-41.0
(latex agglutination) µg/L

D-dimer (ELISA) 350 0.75 0.37 0.36 0.93 5.1 1.2-21.5
µg/L

Fragment 1+2 1.300 0.75 0.34 0.48 0.86 5.8 1.5-21.5
(ELISA) nmol/L

PPV: positive predictive value; NPV: negative predictive value; Sens.: sensitivity;
Spec. : specificity; OR: odds-ratio; CI: confidential interval.
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respectively. We found a 5.5-fold increased risk of
thrombosis in patients with fragment 1+2 levels
higher than 1.300/nmol/L. The five patients who
were found to be positive for factor V Leiden all
developed subclavian vein thrombosis after catheter
insertion. The mean time between thrombosis and
the insertion of the central venous catheter was 36
days (range 8-95 days).

D-dimer measurements are now widely used in
clinical practice. This study shows that D-dimer
assays can be used to predict an increased risk of
thrombosis, in contrast to D-dimer analysis in deep
venous thrombosis and pulmonary embolism in
which the absence of elevated levels of D-dimer is
used to exclude the presence of thrombosis.17,18

However, it is difficult to make general statements
on D-dimer levels because of a lack of standardiza-
tion between the various assays used in clinical
practice. The difference we noted between the D-
dimer cut-off values of the latex agglutination assay
and the ELISA may be caused by differences in anti-
body specificity and a preference for cross-linked
fibrin derivatives over non-cross-linked fibrinogen-
or fibrin degradation products.19,20 At present, ELISA
is considered the gold standard for measuring D-
dimer levels, but this technique is labor intensive,
expensive, and time-consuming.21 A latex agglutina-
tion assay for D-dimer is less expensive, not as
time-consuming (<45 min) and easy to perform.
Therefore, because we found similar results for the
latex agglutination assay and the ELISA for D-
dimer, we recommend the latex agglutination assay
for measuring D-dimer levels in further clinical
studies. As mentioned before, five of the patients in
our group of patients who developed subclavian
vein thrombosis had the factor V Leiden mutation. 

The role of factor V Leiden in CVC-associated
thrombosis has been previously reported.12

Contrary to what could be expected, we did not
find that levels of D-dimer and fragment 1+2 were
higher in factor V Leiden positive patients than in

patients without factor V Leiden who developed
subclavian vein thrombosis. Even after exclusion of
the patients positive for factor V Leiden the associ-
ation between high levels of D-dimer and fragment
1+2 and CVC-associated thrombosis did not alter. 

There could be two explanations for the increased
levels of D-dimer and fragment 1+2 that were found
after catheter insertion and the development of sub-
clavian vein thrombosis. First, a systemic prothrom-
botic state could already pre-exist in the patient,
which, triggered by catheter insertion, finally leads
to the development of thrombosis. A second expla-
nation could be that there is no pre-existent pro-
thrombotic state, but a hypercoagulable state is
induced by catheter insertion, and clinically overt
thrombosis develops in a few weeks.

In conclusion, all three assays employed in this
study showed that increased activation of coagula-
tion soon after central venous catheter insertion pre-
dicts subclavian vein thrombosis. Based on this
study we conclude that the measurement of D-
dimer and fragment 1+2 levels after central venous
catheter insertion, as well as factor V Leiden deter-
mination,  can be used to identify patients at high
risk of developing symptomatic subclavian vein
thrombosis. Further studies are warranted in order
to develop anti-thrombotic strategies, for example
low doses of low molecular weight heparin, for this
high-risk category of patients.
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