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Abstract
Background: Central	venous	catheters	raise	the	risk	of	catheter-	related	thrombosis	
(CRT)	in	patients	with	cancer,	typically	affecting	the	upper	extremity.	Management	of	
CRT involves catheter removal and anticoagulation. However, robust evidence is lack-
ing on the optimal timing of anticoagulation relative to catheter removal.
Objectives: Our goal is to provide a better understanding of the factors that increase 
the risk of recurrent venous thromboembolism (VTE) in these patients.
Patients and Methods: We conducted a retrospective chart review of all consecutive 
patients	with	cancer	in	our	hospital	affected	by	CRT	between	January	1,	2015,	and	
December	31,	2017.	We	measured	recurrence	of	VTE	as	thrombosis	in	any	vascular	
bed	or	pulmonary	embolism,	for	up	to	2 years	after	diagnosis.	Logistic	and	competing	
risk regression analyses were used to determine the association between different 
clinical factors and any VTE recurrence in patients with cancer and CRT.
Results: Of	the	257	individuals	meeting	the	inclusion	criteria,	80.2%	had	their	cath-
eter	 removed;	of	 these,	50.5%	did	not	 receive	anticoagulation	before	 the	 removal.	
Patients	who	did	 not	 receive	 anticoagulation	 before	 the	 removal	 had	 increased	3-	
month	and	1-	year	risks	of	recurrent	VTE	(odds	ratio,	5.07	[95%	confidence	interval	
[CI],	1.53–	23.18];	and	hazard	ratio,	3.47	[95%	CI,	1.34–	9.01]),	respectively.
Conclusions: Our study supports the use of anticoagulants before catheter removal in 
patients	with	CRT.	Randomized	clinical	trials	are	recommended	to	establish	stronger	
evidence	pertaining	to	the	long-	term	risk	of	VTE	recurrence	and	the	effect	of	catheter	
reinsertion.
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Essentials

•	 Central	venous	catheters	increase	the	risk	of	catheter-	related	thrombosis.
•	 Patients	with	cancer	and	central	venous	catheter–	associated	venous	thromboembolism	(VTE)	were	studied.
•	 Catheter	removal	before	anticoagulation	increased	recurrence	of	VTE	at	3 months.
• Our study supports the use of anticoagulation before catheter removal in patients with cancer.

1  |  INTRODUC TION

Venous thromboembolism (VTE) is a leading cause of morbidity and 
mortality among patients with cancer.1,2 In addition to malignancy, 
specific conditions such as the use of prothrombotic therapeutic 
agents	and	 long-	term	 indwelling	vascular	devices	 increase	 the	 risk	
of VTE.3,4 With the persistent increase in the incidence of cancer 
and	thus	more	patients	undergoing	cancer	treatment,	the	long-	term	
use of central venous vascular access ports, tunneled/nontunneled 
central venous catheters, or peripherally inserted central catheters 
are increasing.5 The use of central venous catheters facilitates the 
infusion of chemotherapeutic drugs, many of which can be classified 
as irritants and vesicants.6 These catheters also allow for prolonged 
intravenous therapies, such as antibiotics, and parenteral nutrition in 
those who cannot obtain adequate nutrition via the digestive tract.7 
Central venous catheters have therefore become common in pa-
tients with cancer, and their increased use has come with an increase 
in	catheter-	related	thrombosis	(CRT).8

Although	several	clinical	practice	guidelines	provide	recommen-
dations	 for	 the	 treatment	of	cancer-	associated	 thrombosis,9–	13 the 
evidence behind the treatment recommendations for CRT is at best 
uncertain	and	is	mostly	extrapolated	from	lower-	extremity	VTE	data	
or consensus opinion.14–	16 It is not known whether there is any dif-
ference in clinical impact between catheter removal before versus 
after anticoagulation therapy.

The purpose of our study was to describe a cohort of patients 
with cancer and CRT of the upper extremity and evaluate the rela-
tionship between the timing of catheter removal relative to anticoag-
ulation and recurrence of any VTE, determining if the removal of the 
catheter before anticoagulation will influence the risk of recurrence.

2  |  METHODS

2.1  |  Study cohort and setting

All	 consecutive	 patients	 who	 visited	 the	 University	 of	 Texas	 MD	
Anderson	 Cancer	 Center	 in	 Houston,	 Texas,	 between	 January	 1,	
2015,	and	December	31,	2017,	and	who	presented	with	symptomatic	
upper-	extremity	deep	vein	thrombosis	(DVT)	associated	with	a	venous	
catheter were identified by querying billing and radiology databases 
using	International	Classification	of	Diseases	(ICD),	Ninth	Revision	and	
Tenth Revision codes. Exclusion criteria for the identified cohort were 
(i) no confirmed cancer diagnosis, (ii) age <18 years,	 (iii)	catheter	 re-
moved >30 days	before	the	CRT	event,	(iv)	DVT	not	associated	with	

a catheter or associated with apheresis catheters, (v) no acute DVT, 
(vi)	 duplicate	 records,	 (vii)	 diagnosis	 outside	 MD	 Anderson	 Cancer	
Center, and (viii) treatment with active anticoagulants before pres-
entation. The current study was done in accordance with a clinical 
research	protocol	approved	by	the	 institutional	 review	board	at	MD	
Anderson	Cancer	Center.	The	study	conformed	 to	 the	provisions	of	
the	Declaration	of	Helsinki	(as	revised	in	2013).	Waivers	of	informed	
consent were granted because this was a retrospective study.

2.2  |  Data collection

A	chart	review	of	the	final	patient	cohort	was	done	by	three	trained	
and monitored investigators using the institution's electronic medi-
cal record system. The abstractors used a standard abstraction form 
with a data dictionary defining the variables of interest to guide 
data collection and avoid misclassification bias. Patient demograph-
ics,	 cancer	 and	 clinical	 information,	 and	 catheter-	related	 variables	
were collected. The presence of CRT was confirmed by reviewing 
the related imaging reports and was defined as the presence of 
acute	upper-	limb	DVT	in	the	setting	of	a	venous	catheter	of	the	in-
volved	limb	that	was	in	place	at	or	within	30 days	of	the	CRT	event.	
Anticoagulation	was	 recorded	 if	 given	 at	 the	 time	 of	 diagnosis	 or	
within	the	following	3	months	for	treatment	of	the	associated	DVT.	
VTE recurrence was defined as thrombosis in any vascular bed or 
pulmonary embolism (PE), and it was confirmed by reviewing imag-
ing	 reports	 for	 a	 follow-	up	of	 2 years	 after	 diagnosis.	 Local	 recur-
rence was defined as a new acute DVT in the same arm diagnosed 
after	30 days	of	presentation,	indicated	by	the	resolution	of	the	pre-
vious	original	DVT	on	follow-	up	imaging	study	and/or	involvement	
of new veins. Similarly, the removal of the catheter was recorded if it 
was	removed	at	any	time	between	the	time	of	diagnosis	and	2 years	
after diagnosis.

2.3  |  Statistical analysis

Patient and catheter characteristics along with the treatment and 
outcomes	 of	 the	 patients	were	 summarized	 using	 descriptive	 sta-
tistics	for	the	cohort.	Categorical	variables	were	analyzed	as	counts	
and percentages, while continuous variables were reported as me-
dians and interquartile ranges or means and standard deviations, 
where	appropriate.	Significance	was	appraised	using	the	chi-	square	
test for categorical variables and the Welch t	 test	 or	 Wilcoxon-	
Mann-	Whitney	 test	 for	 continuous	 variables,	 where	 appropriate.	
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We performed univariate logistic regression analysis to determine 
the association between each clinical variable and venous throm-
bosis (DVT or PE) recurrence. Significant variables from the univari-
ate	analyses	and	other	clinical	factors	were	further	analyzed	using	a	
multiple logistic regression model reporting the odds ratio (OR) and 
the	95%	confidence	interval	(CI).	For	the	1-	year	analyses,	univariate	
and multivariable competing risk models were used, with death as 
a competing event. Cumulative incidence functions, which measure 
the subdistribution of failure from VTE recurrence, were estimated 
for	 each	 variable	 reporting	 the	 hazard	 ratio	 (HR)	 estimate	 and	 its	
95%	 CI.	 All	 statistical	 analyses	 were	 performed	 using	 R	 software	
version	3.6.2	(R	Foundation,	http://www.r-	proje	ct.org).

3  |  RESULTS

3.1  |  Demographic and clinical characteristics of 
patients with cancer and CRT

Of	the	288	eligible	patients	identified,	257	were	included	in	the	final	
analysis after the exclusion criteria were applied. The reasons and 
number of patients excluded are shown in Figure 1.

The demographic and clinical characteristics of the patients 
are shown in Table 1.	The	median	age	of	the	patients	was	58 years,	
55.3%	were	men,	and	69.6%	were	White	or	Caucasian.	More	than	
half	the	patients	(53.7%)	had	hematologic	malignancies.	Other	fre-
quent	 cancer	 types	 were	 gastrointestinal	 (12.1%),	 genitourinary	
(7.0%),	and	sarcoma	(6.2%).	Previous	history	of	VTE	was	confirmed	
in	only	39	(15.2%)	patients.

3.2  |  Characteristics, management, and 
outcomes of CRT cancer- associated thrombosis

General characteristics of the catheters used in the group of patients 
with CRT are shown in Table S1. Peripherally inserted central catheter 
was	the	most	frequent	catheter	type	(77.4%).	The	median	time	from	
catheter	 insertion	 to	CRT	diagnosis	was	20 days	 (interquartile	 range	
[IQR],	8–	40 days).	The	most	common	proximal	locations	for	CRT	were	
the subclavian vein, axillary vein, and jugular vein. Seventeen patients 
(6.6%)	had	concurrent	PE	along	with	their	CRT	(Table 2).

The	catheter	was	removed	in	206	(80.2%)	patients,	of	whom	133	
(64.6%)	had	 a	 catheter	 reinserted	 afterward.	Of	 the	patients	who	
had	their	catheter	removed,	almost	half	 (49.5%)	were	treated	with	
anticoagulants	before	the	removal	(Figure	S1). The median time for 
catheter removal for patients who had their catheter removed after 
presentation	was	4	 (IQR,	1-	15)	days.	Of	 the	 remining	104	 (50.5%)	
patients who did not receive anticoagulation before catheter re-
moval,	only	22	(21.1%)	patients	did	not	receive	any	type	of	antico-
agulants	afterwards,	of	which	5	(22.7%)	had	brachial	or	superficial	
vein	 thrombosis.	Most	 patients	 in	 our	 cohort	 (73.5%)	 were	 given	
low-	molecular-	weight	heparin	(LMWH)	as	their	initial	anticoagulant	
medication,	while	52	patients	 (20.2%)	 received	no	 initial	anticoag-
ulant.	However,	only	48.6%	of	all	patients	received	LMWH	as	their	
long-	term	anticoagulant	treatment,	and	no	long-	term	anticoagulants	
were	prescribed	in	40.1%	of	our	cohort	(Table 2). The median dura-
tion	of	treatment	for	the	patients	who	had	long-	term	anticoagulants	
prescribed	was	3	(IQR,	3–	4)	months.	No	significant	differences	were	
observed	in	prescribing	long-	term	anticoagulants	between	patients	
who had their catheter removed before anticoagulation compared 
to	the	ones	who	had	it	removed	after	(65.7%	vs	59.6%,	respectively).

Significant differences in cancer type and platelet count were ob-
served among patients who received initial anticoagulant compared 
to the ones who did not (Table S2).	The	majority	(75%)	of	the	patients	
who did not receive initial anticoagulants had hematologic malignan-
cies, and the median platelet count for this group was significantly 
lower when compared to patients who received initial anticoagulants 
(28 K/μl	[IQR,	14-	74]	vs	171 K/μl	[IQR,	103-	250]).	For	the	52	(20.2%)	
patients	 who	 did	 not	 receive	 initial	 anticoagulants,	 36	 (69.2%)	 had	
thrombocytopenia,	and	11	(21.2%)	had	active	or	recent	bleeding	as	
the main reason for not prescribing any initial anticoagulants.

Venous	 thromboembolism	 recurrences	within	 3	months	 and	
within	 1 year	 occurred	 in	 18	 (7%)	 and	 26	 (10.1%)	 patients,	 re-
spectively. Table S3 reports the incidence of VTE recurrences 
stratified	by	different	demographic	and	clinical	risk	factors.	Most	
VTE recurrences were DVT in the contralateral upper arm, with 
some patients having more than one type of VTE recurrence at 
the same time (Table S4).	 The	mortality	 rates	 were	 13.2%	 and	
30.7%	 for	 the	 first	 3	months	 and	 1 year	 after	 presentation,	 re-
spectively. The median overall survival for the whole cohort was 
55.3	months,	with	substantially	lower	median	overall	survival	for	
patients	who	had	VTE	 recurrence	within	1 year	 of	 presentation	
and	 for	 patients	who	 did	 not	 receive	 long-	term	 anticoagulation	
(Table S5).

F I G U R E  1 Flow	diagram	showing	the	exclusion	criteria	used	to	
determine	the	study	eligibility	for	patients	with	catheter-	related	
thrombosis. DVT, deep vein thrombosis

http://www.r-project.org
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3.3  |  Predictors of venous thromboembolic event 
recurrence in patients with cancer and CRT

Univariate and multivariable analyses were used to determine the 
association between different clinical factors and any VTE recur-
rence in patients with cancer and CRT (Tables 3, 4, 5 and 6). The 
timing of the catheter removal and whether a catheter had been 
reinserted (either ipsilateral or contralateral) were the main predic-
tors	 for	 3-	month,	 6-	month,	 and	 1-	year	 recurrence.	 Patients	 who	

had their catheter removed before anticoagulant initiation had sig-
nificantly higher risk of any VTE recurrence compared to those who 
had	anticoagulants	started	before	removal	of	the	catheter	(3-	month	
recurrence:	univariate	OR,	5.13	[95%	CI,	1.61–	22.79];	multivariable	
OR,	 5.07	 [95%	 CI,	 1.53–	23.18];	 and	 1-	year	 recurrence:	 univariate	

TA B L E  1 Demographic	and	clinical	characteristics	of	the	patient	
cohort

Characteristic n (%) (N = 257)

Age,	years,	median	(IQR) 58	(47–	66)

Sex

Female 115	(44.7)

Male 142	(55.3)

Race

White or Caucasian 179	(69.6)

Black	or	African	American 29	(11.3)

Asian 18	(7.0)

Others or unknown 31	(12.1)

Ethnicity

Not	Hispanic	or	Latino 181	(70.4)

Hispanic or Latino 43	(16.7)

Others or unknown 33	(12.8)

Weight, kg, median (IQR) 79.1	(65.7–	93.2)

Cancer type

Hematologic 138	(53.7)

Gastrointestinal 31	(12.1)

Genitourinary 18	(7.0)

Sarcoma 16 (6.2)

Breast 14	(5.4)

Head and neck 13	(5.1)

Lung 9	(3.5)

Gynecology 6	(2.3)

Other 12 (4.7)

Metastatic	disease

No 131	(51.0)

Yes 126	(49.0)

Previous history of VTE

No 218	(84.8)

Yes 39	(15.2)

Hypertension

No 157	(61.1)

Yes 100	(38.9)

Diabetes

No 223	(86.8)

Yes 34	(13.2)

Abbreviations:	IQR,	interquartile	range;	VTE,	venous	thromboembolism.

TA B L E  2 Characteristics	and	management	of	catheter-	related	
thrombosis

Variable n (%)

Thrombus location (most proximal)

Subclavian vein 157	(61.1)

Axillary	vein 32	(12.5)

Jugular	vein 26 (10.1)

Brachial vein 17 (6.6)

Innominate (brachiocephalic) vein 15	(5.8)

Basilic vein 7 (2.7)

SVC 3	(1.2)

Concurrent PE

No 240	(93.4)

Yes 17 (6.6)

Initial anticoagulant

LMWH 189	(73.5)

DOAC 9	(3.5)

UFH 5	(1.9)

Fondaparinux 1 (0.4)

Argatroban 1 (0.4)

None 52	(20.2)

Long-	term	anticoagulant

LMWH 125	(48.6)

DOAC 22	(8.6)

VKA 5	(1.9)

Fondaparinux 2	(0.8)

None 103	(40.1)

Duration	of	long-	term	anticoagulants,	months,	median	
(IQR)

3	(3–	4)

Catheter removed

No 51	(19.8)

Yes 206	(80.2)

Days to catheter removal, median (IQR)a 4	(1–	15)

Catheter reinsertion after removala

No 73	(35.4)

Yes 133	(64.6)

Anticoagulants	initiated	before	catheter	removala

No 104	(50.5)

Yes 102	(49.5)

Abbreviations:	DOAC,	direct	oral	anticoagulant;	IQR,	interquartile	
range;	LMWH,	low-	molecular-	weight	heparin;	PE,	pulmonary	embolism;	
SVC,	superior	vena	cava;	UFH,	unfractionated	heparin;	VKA,	vitamin	K	
antagonist.
aOnly for the cases with catheters removed after presentation.
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HR,	3.38	[95%	CI,	1.36–	8.40];	multivariable	HR,	3.47	[95%	CI,	1.34–	
9.01])	(Tables 3 and 5). Patients who had a catheter reinserted had 
significantly	higher	risk	of	VTE	recurrence	within	3	months	 (multi-
variable	OR,	9.96	 [95%	CI,	1.82–	186.75])	and	1	year	 (multivariable	
sub-	distribution	 HR,	 3.07	 [95%	 CI,	 1.09–	8.67])	 (Tables 4 and 6)
Similar results were observed in a subanalysis after excluding the 
patients with brachial and superficial vein thrombosis (Table S6).

4  |  DISCUSSION

Symptomatic and asymptomatic VTEs are common complications 
in	 patients	with	 cancer	 owing	 to	 the	multiple	 clinical	 and	 cancer-	
related risk factors found in these patients including chemotherapy, 
multiple surgeries, immobility, and the malignancy itself.17–	22 In 

addition, endothelial damage and vessel wall injury caused by the 
insertion of venous catheters tends to contribute significantly to the 
development of CRT.19 In critical care settings, including cancer care, 
venous catheters are commonly used to establish stable venous ac-
cess for different indications, including chemotherapy administra-
tion, fluid resuscitation, and antibiotic administration.23–	25 Despite 
their	 great	 benefit,	 venous	 catheters	 increase	 the	 long-	term	 risk	
of thrombosis,26–	28 with reported rates ranging from <1%	 to	28%	
owing to the widely different study settings and inclusion criteria, 
including various cancer types.5,27,29–	33

It	is	known	that	cancer-	related	VTE	often	recurs,	despite	optimal	
anticoagulation,34 and the rate of VTE recurrence for patients with 
CRT	has	been	reported	to	be	around	7%	to	10%.35 In this study, we 
examined the presentation and outcomes of patients with cancer 
and	 upper-	extremity	 CRT	 and	 found	 an	 association	 between	 the	

Variable

VTE recurrence

3 months 6 months

OR (95% CI) p OR (95% CI) p

Age,	years 0.99	(0.96–	1.02) 0.57 1.00	(0.97–	1.03) 0.99

Sex

Female Reference

Male 2.22	(0.81-	7.09) 0.14 1.96	(0.80–	5.26) 0.15

Weight, kg 0.98	(0.95–	1.00) 0.09 0.99	(0.96–	1.01) 0.20

Cancer type

Hematologic Reference

Solid 0.42	(0.13–	1.16) 0.11 0.48	(0.18–	1.16) 0.12

Concurrent PE 0.82	(0.04–	4.41) 0.85 1.39	(0.21–	5.39) 0.68

Prior history of VTE

No Reference

Yes 0.68	(0.11–	2.54) 0.62 1.20	(0.33–	3.42) 0.76

Timing of catheter removal

Anticoagulants	started	
before catheter 
removed

Reference

Catheter was not 
removed

0.66	(0.03–	5.30) 0.72 0.32	(0.02–	1.94) 0.30

Catheter removed 
before anticoagulants 
started

5.13	(1.61–	22.79) 0.01 2.91	(1.14–	8.41) 0.03

Anticoagulants	prescribed

No Reference

Yes 0.64	(0.23–	2.06) 0.41 0.54	(0.22–	1.49) 0.21

Catheter reinserted after removal

No Reference

Yes 7.28	(2.01–	46.70) 0.009 4.09	(1.47–	14.48) 0.01

Note:	Age	and	weight	are	continuous	variables	with	odds	ratio	associated	with	a	one-	unit	
increment	(per	each	1-	year	or	1-	kg	increase,	respectively)	for	each	variable.	Boldface	indicates	
statistical significance.
Abbreviations:	CI,	confidence	interval;	OR,	odds	ratio;	PE,	pulmonary	embolism;	VTE,	venous	
thromboembolism.

TA B L E  3 Univariate	analysis	of	the	
association between clinical factors and 
venous thromboembolic recurrence in 
patients	with	cancer	and	catheter-	related	
thrombosis
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timing of anticoagulant initiation and catheter removal and the re-
currence of VTE.

Most	patients	in	our	cohort	(80.2%)	had	their	catheters	removed	
despite guidance from the ISTH to keep the catheter in place if not 
infected and still functioning. It is likely that the practice at our cen-
ter differed from this guidance due to the limited evidence, based 
on a single prospective study that included 74 patients with cancer 
without	a	control	group.	Additionally,	there	 is	usually	a	delay	from	
the time a guideline is published until effective implementation in 
clinical practice, and our study period was shortly after guidance 
release.36	 Finally,	 it	 is	 possible	 that	 a	 case-	by-	case	 approach	 was	
used due to the lack of strong evidence for the guidance. Of the 
patients	 who	 had	 their	 catheter	 removed,	 half	 (50.5%)	 were	 not	
treated with anticoagulants before the removal. Those who had 
anticoagulants	initiated	had	a	median	of	4 days	between	the	initia-
tion of the anticoagulants and catheter removal. Interestingly, we 
found the removal of the catheter before anticoagulant initiation to 
be associated with increased risk of VTE recurrence. The ISTH rec-
ommends	anticoagulation	for	3	to	5 days	before	catheter	removal,12 
while	the	National	Comprehensive	Cancer	Network	and	the	Spanish	
Society	of	Medical	Oncology	recommend	5	to	7 days	of	anticoagu-
lation before catheter removal.13 However, these recommendations 
to overlap therapeutic anticoagulation with catheter removal are not 
based on strong evidence, and the variation in recommended days 
can be confusing for clinicians, thus leading to the lack of uniformity 
in	 treatment	 approaches.	 Anticoagulation	 for	 several	 days	 before	

removal	 is	 intended	to	minimize	the	risk	of	embolization;	however,	
a recent study by Houghton et al37 showed that early catheter re-
moval (<48 hours	after	anticoagulant	initiation)	in	patients	with	he-
matologic malignancies and CRT was not associated with increased 
risk	of	pulmonary	embolism	within	7 days.	This	 finding	aligns	with	
our	study,	as	none	of	the	patients	developed	PE	within	7 days	from	
presentation.

About	half	of	our	patients	(53.7%)	had	hematologic	malignan-
cies. While the common recommendation for such patients is to 
leave the catheter in place if it is functioning properly and still 
needed for further care, patients with hematologic malignancies 
often have prolonged and severe thrombocytopenia, which pre-
vents the use of anticoagulants, and catheter removal is often 
indicated.37–	39	A	study	by	Vu	et	al40 in patients with leukemia re-
ported	a	VTE	recurrence	rate	of	nearly	20%,	which	was	attributed	
to improper anticoagulation in the setting of thrombocytopenia. 
However, that study did not examine the relationship between 
catheter	removal	and	VTE	recurrence.	Furthermore,	while	initial	
anticoagulants	 were	 given	 in	 79.8%	 of	 our	 cases,	 with	 LMWH	

TA B L E  4 Multivariable	analysis	of	the	association	between	
clinical factors and venous thromboembolic recurrence within 
3	months	in	patients	with	cancer	and	catheter-	related	thrombosis

Variable

VTE recurrence

OR (95% CI) p

Age,	years 1.00	(0.97–	1.03) 0.84

Sex

Female Reference

Male 3.57	(1.15–	13.65) 0.04

Cancer type

Hematologic Reference

Solid 0.86	(0.24–	2.73) 0.80

Catheter removed before anticoagulants

No Reference

Yes 5.07	(1.53–	23.18) 0.02

Anticoagulants	prescribed

No Reference

Yes 0.85	(0.26–	3.05) 0.79

Catheter reinserted after removal

No Reference

Yes 9.96	(1.82–	186.75) 0.03

Note: Boldface indicates statistical significance.
Abbreviations:	CI,	confidence	interval;	OR,	odds	ratio;	VTE,	venous	
thromboembolism.

TA B L E  5 Univariate	competing	risk	regression	analysis	of	clinical	
factors	and	1-	year	venous	thromboembolic	recurrence	in	cancer	
patients	with	catheter-	related	thrombosis

Variable HR (95% CI) p

Age,	years 1.00	(0.97–	1.02) 0.73

Sex

Female

Male 1.55	(0.72–	3.33) 0.26

Weight, kg 0.99	(0.97–	1.00) 0.10

Cancer type

Hematologic

Solid 0.46	(0.20–	1.03) 0.06

Concurrent PE 1.09	(0.26–	4.61) 0.91

Prior history of VTE

No

Yes 1.23	(0.48–	3.17) 0.67

Timing of catheter removal

Anticoagulants	started	
before catheter removed

Catheter was not removed 0.65	(0.13–	3.20) 0.60

Catheter removed before 
anticoagulants started

3.38	(1.36–	8.40) 0.009

Anticoagulants	prescribed

No

Yes 0.59	(0.26–	1.34) 0.21

Catheter reinserted after removal

No

Yes 3.26	(1.33–	7.98) 0.01

Note: Boldface indicates statistical significance.
Abbreviations:	CI,	confidence	interval;	HR,	hazard	ratio;	PE,	pulmonary	
embolism; VTE, venous thromboembolism.
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being	 the	most	 common	 initial	 anticoagulant,	 40.1%	 of	 the	 pa-
tients	were	not	prescribed	any	 long-	term	anticoagulants.	Delluc	
and	colleagues	described	a	recurrence	rate	of	7%	at	1 year	after	
CRT for patients who discontinued anticoagulants while still hav-
ing active cancer.41 It is possible that the lack of continued antico-
agulation in our cohort contributed to the recurrence rate.

The data presented here should be interpreted in the context of 
the	following	limitations.	First,	this	was	a	retrospective	study,	which	
has its own inherent limitations and biases, including potential indi-
cation	bias	for	catheter	removal.	We	tried	to	minimize	selection	bias	
by including all consecutive patients with cancer in the study period 
and carefully reviewing the electronic medical records and abstract-
ing	 data	 in	 a	 systematic	manner.	 Second,	 this	was	 a	 single-	center	
study	in	a	cancer-	specific	hospital,	which	may	not	make	the	results	
generalizable	 to	 other	 institutions.	 However,	 to	 our	 knowledge,	
this is the only study evaluating the relationship between timing of 
catheter removal and anticoagulation to VTE recurrence. Our data 
showed an association between anticoagulation and timing of cath-
eter removal with VTE recurrence, but a future prospective study 
will be needed to confirm this observation and determine if anti-
coagulation before catheter removal can decrease the risk of VTE 
recurrence	at	3	months.	Finally,	only	a	few	variables	and	covariates	
related to VTE were used in the final multivariable analysis to fulfill 
the accepted rule criteria that require a specific number of outcome 
events for each predictor to be included in the model.42	Although	
some important variables like previous history of VTE and weight 
(or body mass index), which are predictors of VTE,43,44 were not sig-
nificant in the univariate analysis, future larger study is needed to 

confirm their association with VTE recurrence in patients presenting 
with CRT.

5  |  CONCLUSION

In summary, removal of a catheter before anticoagulant adminis-
tration was associated with an increased risk of VTE recurrence. In 
instances when immediate removal is not needed, delaying the cath-
eter removal until the patient can be properly anticoagulated may 
be beneficial.
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