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My	talk	Today	

•  AnDthromboDc	prophylaxis	in	CVC	paDents:	
–  Evidence	from	literature	
–  InterpretaDon	of	study	results	

•  Possible	implementaDon	of	research	on	anDthromboDc	
prophylaxis		in	CVC	paDents	

	
•  Conclusions	



AnDthromboDc	prophylaxis	for	CVC	related	DVT	



Author, yrs Population  Study 
Treatment 

N Sympt. DVT  
Overall (%) 

Sympt DVT 
in CTLs (%) 

Bern, 1990 Oncology Warfarin 
1 mg die 

82 21% 32.5 % 

Monreal, 1996 Oncology Dalteparin 
2500 IU/die 

29 30% 54% 

Verso, 2005 Oncology Enoxaparin 
4000IU/die 

385 8 (2.1) 6/194 (3.1) 

Lee, 2006 Oncology na 444 19 (4.3) 12/231 (5.2) 

Karthaus, 2006 Oncology Dalteparin 
5.000IU/die 

439 16 (3.6) 5/145 (3.4) 

Couban, 2005 Oncology Warfarin  255 11 (4.3) 5/125 (4.0) 

WARP, 2006  Oncology 
 

Warfarin 811 
 

45 (5.5) 23/403 (6) 

Incidence	of	symptomaDc	CVC-related	thrombisis	
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InterpretaDon	of	study	results	

•  LimitaDons	

– Mixed	quality	of	studies	and		various	study	designs	
– Mixed	populaDon	and	CVC	types	
–  Poor	staDsDcal	power	of	studies	
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A B S T R A C T

Background

Central venous catheter (CVC) placement increases the risk of thrombosis in people with cancer. Thrombosis often necessitates the
removal of the CVC, resulting in treatment delays and thrombosis-related morbidity and mortality.

Objectives

To evaluate the relative efficacy and safety of anticoagulation for thromboprophylaxis in people with cancer with a CVC.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL, Issue 12, 2012), MEDLINE Ovid (January 1966
to February 2013), and EMBASE Ovid (1980 to February 2013). We handsearched conference proceedings, checked references of
included studies, used the ’related citations’ feature within PubMed, and searched clinicaltrials.gov for ongoing studies.

Selection criteria

Randomized controlled trials (RCTs) comparing the effects of any dose of unfractionated heparin (UFH), low-molecular-weight heparin
(LMWH), vitamin K antagonists (VKA), or fondaparinux with no intervention or placebo or comparing the effects of two different
anticoagulants in people with cancer and a CVC.

Data collection and analysis

Teams of two review authors independently used a standardized form to extract data in duplicate. They resolved any disagreements
by discussion. They extracted data on risk of bias, participants, interventions, and outcomes. Outcomes of interest included mortality,
symptomatic deep venous thrombosis (DVT), asymptomatic DVT, major bleeding, minor bleeding, infection, and thrombocytopenia.
Where possible, we conducted meta-analyses using the random-effects model.
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D A T A A N D A N A L Y S E S

Comparison 1. Heparin versus no heparin

Outcome or subgroup title
No. of
studies

No. of
participants Statistical method Effect size

1 Mortality 5 1236 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.53, 1.26]
2 Symptomatic deep venous

thrombosis (DVT)
6 1317 Risk Ratio (M-H, Random, 95% CI) 0.48 [0.27, 0.86]

3 Major bleeding 4 1012 Risk Ratio (M-H, Random, 95% CI) 0.49 [0.03, 7.84]
4 Infection 2 468 Risk Ratio (M-H, Random, 95% CI) 1.00 [0.54, 1.85]
5 Thrombocytopenia 4 1002 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.80, 1.33]
6 Asymptomatic DVT 6 1319 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.65, 1.03]
7 Minor bleeding 2 544 Risk Ratio (M-H, Random, 95% CI) 1.35 [0.62, 2.92]

Comparison 2. Vitamin K antagonist (VKA) versus no VKA

Outcome or subgroup title
No. of
studies

No. of
participants Statistical method Effect size

1 Mortality 5 1451 Risk Ratio (M-H, Random, 95% CI) 1.04 [0.89, 1.22]
2 Symptomatic deep venous

thrombosis (DVT)
5 1451 Risk Ratio (M-H, Random, 95% CI) 0.51 [0.21, 1.22]

3 Major bleeding 2 979 Risk Ratio (M-H, Random, 95% CI) 7.60 [0.94, 61.49]
4 Asymptomatic DVT 3 618 Risk Ratio (M-H, Random, 95% CI) 0.43 [0.30, 0.62]
5 Minor bleeding 2 979 Risk Ratio (M-H, Random, 95% CI) 3.14 [0.14, 71.51]

Comparison 3. Low-molecular-weight heparin (LMWH) versus vitamin K antagonist (VKA)

Outcome or subgroup title
No. of
studies

No. of
participants Statistical method Effect size

1 Mortality 3 551 Risk Ratio (M-H, Random, 95% CI) 1.14 [0.59, 2.21]
2 Symptomatic deep venous

thrombosis (DVT)
3 551 Risk Ratio (M-H, Random, 95% CI) 2.15 [0.65, 7.14]

3 Major bleeding 2 279 Risk Ratio (M-H, Random, 95% CI) 3.41 [0.15, 79.47]
4 Thrombocytopenia 2 317 Risk Ratio (M-H, Random, 95% CI) 3.73 [2.26, 6.16]
5 Asymptomatic DVT 3 551 Risk Ratio (M-H, Random, 95% CI) 1.74 [1.20, 2.52]
6 Minor bleeding 1 234 Risk Ratio (M-H, Random, 95% CI) 0.95 [0.20, 4.61]
7 Pulmonary embolism 2 317 Risk Ratio (M-H, Random, 95% CI) 1.70 [0.74, 3.92]
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•  In	all	cancer	paDents	receiving	CVC?	

•  Long-term	prophylaxis?	

•  EffecDveness	to	reduce	complicaDons?	
–  Pulmonary	embolism	
–  InfecDon	
–  Risk	of	CVC	removal	

Epidemiology	of	CVC	related	DVT:open	quesDons	
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A B S T R A C T

Purpose
To develop an evidence-based guideline on central venous catheter (CVC) care for patients with
cancer that addresses catheter type, insertion site, and placement as well as prophylaxis and
management of both catheter-related infection and thrombosis.

Methods
A systematic search of MEDLINE and the Cochrane Library (1980 to July 2012) identified relevant
articles published in English.

Results
The overall quality of the randomized controlled trial evidence was rated as good. There is
consistency among meta-analyses and guidelines compiled by other groups as well.

Recommendations
There is insufficient evidence to recommend one CVC type or insertion site; femoral catheterization should
be avoided. CVC should be placed by well-trained providers, and the use of a CVC clinical care bundle is
recommended. The use of antimicrobial/antiseptic-impregnated and/or heparin-impregnated CVCs is
recommended to decrease the risk of catheter-related infections for short-term CVCs, particularly in
high-risk groups; more research is needed. The prophylactic use of systemic antibiotics is not recom-
mended before insertion. Data are not sufficient to recommend for or against routine use of antibiotic
flush/lock therapy; more research is needed. Before starting antibiotic therapy, cultures should be obtained.
Some life-threatening infections require immediate catheter removal, but most can be treated with
antimicrobial therapy while the CVC remains in place. Routine flushing with saline is recommended.
Prophylactic use of warfarin or low–molecular weight heparin is not recommended, although a
tissue plasminogen activator (t-PA) is recommended to restore patency to occluded catheters.
CVC removal is recommended when the catheter is no longer needed or if there is a
radiologically confirmed thrombosis that worsens despite anticoagulation therapy.

J Clin Oncol 31:1357-1370. © 2013 by American Society of Clinical Oncology

INTRODUCTION

The management of the patient with cancer de-
mands stable venous access that is used for a wide
range of indications including chemotherapy, blood
product and antibiotic administration, fluid resusci-
tation, and access to the bloodstream for clinical
monitoring and microbial culturing. The use of
long-term central venous catheters (CVCs) can also
decrease patient anxiety associated with repeated ve-
nipunctures. The number and variety of CVCs used
in oncology practices during the past 30 years have
greatly increased, but the most commonly used
long-term devices include: surgically implanted
cuffed tunneled central venous catheters, subcuta-

neous implanted ports, peripherally inserted CVCs
(PICCs), and percutaneous noncuffed or tunneled
catheters. During the past decade, the composition
of these devices has changed, the catheter size and
lumen number have increased, and CVCs impreg-
nated with anti-infective material or antibiotics and
heparin have become available. A CVC care clinical
bundle1,2 is now the standard of care. The insertion
and care of a CVC require a multidisciplinary ap-
proach, involving medical oncologists/hematolo-
gists, nurses, interventional radiologists, surgeons,
infectious disease specialists, and often a specialized
CVC care team.3

CVCs have a considerable potential for serious
complications, which are often underappreciated.
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Early complications related to CVC placement include bleeding,
cardiac arrhythmia, malposition, air embolism, and pneumothorax
and, rarely, injury to vessels or nerves. Late complications include
infection, thrombosis, and catheter malfunction. Patients with cancer
with implantable port systems were found to experience a median of
0.2 infections per 1,000 catheter-days (range, 0 to 2.7 per 1,000
catheter-days)4 versus a risk that ranges from 1.4 to 2.2 infections per
1,000 catheter-days for subcutaneous tunneled CVCs.5,6 Some infec-
tions can be life threatening and require immediate catheter removal,
whereas others can be treated while the catheter remains in place. The
incidence of CVC-associated thrombi in patients with cancer varies in
different series, from 27% to 66%, when routine screening with
venography is performed. Most patients with CVC thrombi are
asymptomatic.7 Reported rates of symptomatic thrombi also vary
widely, from 0.3% to 28%.7-10 Infection or thrombosis of a CVC can

be an indication for removal, which can result in prolonged and costly
hospitalizations and significant delays in treatment. The purpose of
this guideline is to assist in care and decision making for patients with
cancer who often have long-term CVCs and to identify areas of con-
troversy, promoting future research and clinical trials. This is a new
American Society of Clinical Oncology (ASCO) guideline focused on
CVC care for patients with cancer.

GUIDELINE QUESTIONS

Clinical Question 1
In patients with cancer, does catheter type, insertion site, or

placement technique affect complication rates?

THE BOTTOM LINE

American Society of Clinical Oncology Clinical Practice Guideline for Central Venous Catheter Care for the
Patient With Cancer

Intervention
● Placement of a central venous catheter (CVC) in adult and pediatric patients with cancer and the subsequent prevention and man-

agement of catheter-related infections and thromboses

Target Audience
● Medical oncologists/hematologists, nurses, interventional radiologists, surgeons, infectious disease specialists, and specialized

CVC care teams

Key Recommendations
● There is insufficient evidence to recommend a specific type of CVC or insertion site, but femoral vein insertion should be avoided,

except in certain emergency situations
● CVCs should be placed by well-trained health care providers
● Use of a CVC clinical care bundle is recommended
● Use of antimicrobial/antiseptic-coated CVCs and/or heparin-impregnated CVCs has been shown to be beneficial, but the benefits

and costs must be carefully considered before they can be routinely used
● Prophylactic use of systemic antibiotics is not recommended before CVC insertion
● Cultures of blood from the CVC and/or tissue at the entrance-exit sites should be obtained before initiation of antibiotic therapy;

most clinically apparent exit- or entrance-site infections as well as bloodstream infections can be managed with appropriate mi-
crobial therapy, so CVC removal may not be necessary; antimicrobial agents should be optimized once the pathogens are identi-
fied; catheter removal should be considered if the infection is caused by an apparent tunnel or port-site infection, fungi, or
nontuberculous mycobacteria or if there is persistent bacteremia after 48 to 72 hours of appropriate antimicrobial treatment

● Routine flushing with saline is recommended
● Prophylactic warfarin and low–molecular weight heparin have not been shown to decrease CVC-related thrombosis, so routine

use is not recommended
● Tissue plasminogen activator (t-PA) is recommended to restore patency in a nonfunctioning CVC; CVC removal is recommended

when the catheter is no longer needed, if there is a radiologically confirmed thrombosis that does not respond to anticoagulation
therapy, or if fibrinolytic or anticoagulation therapy is contraindicated

Methods
● Systematic review and analysis of the medical literature on CVC care for patients with cancer by ASCO CVC Care Expert Panel

Additional Information
● Data Supplements, including evidence tables, and clinical tools and resources can be found at http://www.asco.org/guidelines/cvc

Schiffer et al
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year 2014	 2010 2011 2013 2012 

Antithrombotic 
prophylaxis for 
CVC 

ProphylacDc	warfarin	
and	LMWH	have	not	
been	shown	to	
decrease	CVC-related	
thrombosis,	so	rouDne	
use	is	not	
recommended	

The	guideline	currently	
does	not	recommend	
the	rouDne	use	of	
thromboprophylaxis	
for	CVC.	 

Extensive,	rouDne	
prophylaxis	to	prevent	
CVC	–related	VTE	is	
not	recommended	
(1A)	 

Use	of	anDcoagulaDon	
for	rouDne	prophylaxis	
of	CRT	is	not	
recommended	[Grade	
1A].	
	
 

In	outpaDents	with	
cancer	and	Indwelling	
central	vein	catheters,	
we	suggest	against	
rouDne	prophylaxis	
with	LMWH	or	LDUFH	
(2B)	and	suggest	
against	the	
prophylacDc	use	of	
vitamin	K	antagonists	
(2C)	 

AnDthromboDc	prophylaxis	in	cancer	paDents	with	CVC	
internaDonal	guidelines:	recommendaDons	



My	talk	Today	

•  AnDthromboDc	prophylaxis	in	CVC	paDents:	
–  Evidence	from	literature	
–  InterpretaDon	of	study	results	

•  Possible	implementa2on	of	research	on	an2thrombo2c	
prophylaxis		in	CVC	pa2ents	

	
•  Conclusions	



Age > 60 yrs 1.2 0.6-2.5 2.8 1.0-8.0 

Metastases 1.1 0.5-2.6 4.9  1.1-22.8 

Left side 
CVC 

2.4 1.2-4.9 4.5  1.5-13.3 

CVC care* 
    after CHT 
     >2 weekly 
 

 
1.8 
1.5 

 
0.8-4.1 
0.4-6.5 

 
1.2 
1.9 

 
0.3-4.0 

 0.3-13.2 

CVC tip 4.5 2.0-9.9 4.8 1.5-15.4 

OR  OR OR              95%CI  95%CI 

All Patients (N=310) Placebo (N=155) 

* In comparison with weekly care 

MulDvariate	analysis-ETHICS	study	

Verso	et	al,	JCO	2005	



Favors placebo Favors enoxaparin 

Age > 60y 
 
Metastases 
 
Inadequate 
CVC tip 
 
Left side 
CVC 

 

0.5 
 

0.5 
 

0.8 
 
 

0.5 

11/71 
 

14/102 
 

7/10 
 
 

10/40 

0.2-1.1 
 

0.2-1.1  
 

0.2-1.8 
 
 

0.2-1.3 
 

        Enox     Placebo             OR         95%CI 

0.5      1      1.5 

20/63 
 

23/86 
 

10/11 
 
 

19/40 

 

Efficacy	of	thromboprophylaxis-ETHICS	study	

Verso	et	al,	JCO	2005	



JTH	2011	

Risk	Factor	for	CVC	related	DVT	

history of catheter placement; baseline platelet count; and use
of estrogen products. The main reason for missing data was
that not all of the studies collected data on all of the 17
variables that were examined in this analysis.

Assessment of the quality of studies

Table S2 summarizes the independent assessment of the quality
of the 12 studies. Overall, the quality of the randomized clinical
trials ranged from very good to excellent, with no study having
a JADAD score of < 3.

For the cohort studies, two studies had relatively short
follow-up duration [23,24] and one study did not report on the
adequacy of follow-up [28]. Otherwise, all the studies met the
assessment criteria for non-randomized cohort design.

Results of the multivariate logistic regression analysis

Table 2 summarizes the results of the multivariate logistic
regression analysis. All 17 prespecified risk factors were
included in the multivariate model. The following variables
were significantly associated with a higher CRT risk: (i)
subclavian vein insertions compared with upper arm vein
insertions (OR, 2.16; 95% CI, 1.07–4.34); (ii) previous history
of deep vein thrombosis (OR, 2.03; 95% CI, 1.05–3.92); and
(iii) catheter tip positioned more proximal than the junction
between the superior vena cava and right atrium (OR, 1.92;
95% CI, 1.22–3.02). Only one variable was significantly
associated with lower CRT risk: implanted ports when
compared with PICCs were associated with a roughly 60%
relative risk reduction (RRR) (OR, 0.43; 95% CI, 0.23–0.80).
Chest wall external CVCs were also associated with 40%RRR
as compared with PICCs, but this failed to reach statistical
significance (OR, 0.60; 95% CI, 0.33–1.10).

A number of risk factors were associated with a higher risk
of CRT, but none reached statistical significance. These
include: (i) higher lumen number; (ii) technically difficult
procedures; (iii) lack of thromboprophylaxis; (iv) estrogen
exposure; and (v) left-sided insertions; see also Table S3.

Heterogeneity assessment

Table S4 summarizes the results of the analysis of heterogene-
ity of the associations between catheter type, proper catheter
positioning, prior history of deep vein thrombosis, site of
insertion and CRT. The only association that varied signifi-
cantly between studies was the association between proper
catheter positioning and risk of CRT.

Kaplan–Meier survival analysis of CRT

Figure 2 displays the freedom from CRT survival curve based
on the Kaplan–Meier method. The median duration of follow-
up of CRT-free subjects was 133 days (interquartile range
[IQR], 51–248 days). Most events occurred during the first
100 days of follow-up. The cumulative incidence of CRT is

8.5% at 6 months, 10% at 1 year, and 12% at 2 years. The
median number of days between catheter insertion and CRT
was 15 days (IQR, 8–47).

Table 2 Adjusted odds ratios of risk factors for CRT*

Variable

Multivariate analysis

Odds ratio (95% CI) P value

Type of catheter
PICC 1 (Reference)!

Chest wall external CVC 0.60 (0.33–1.10) 0.10
Implanted port 0.43 (0.23–0.80) 0.008

Insertion site
Upper arm vein 1 (Reference)!

Subclavian vein 2.16 (1.07–4.34) 0.029
Internal jugular vein 1.56 (0.71–3.40) 0.26

Past medical history of DVT
Absent 1 (Reference)!

Present 2.03 (1.05–3.92) 0.034
Catheter tip location at the junction between SVC and RA, or in RA
Yes 1 (Reference)!

No 1.92 (1.22–3.02) 0.004
Lumen number
Single 1 (Reference)!

Double 1.34 (0.87–2.04) 0.17
Triple 3.79 (0.75–19.21) 0.10

Grading of technical difficulties during catheter insertion
Easy 1 (Reference)!

Difficult 1.78 (0.79–4.00) 0.16
Any form of thromboprophylaxis given"

No 1 (Reference)!

Yes 0.80 (0.63–1.03) 0.09
Current or recent exposure to estrogen (OCP or HRT)
No 1 (Reference)!

Yes 1.65 (0.64–4.23) 0.29
Side of catheter insertion
Right 1 (Reference)!

Left 1.28 (0.97–1.70) 0.079

Bolded values, statistically significant. CRT, catheter-related throm-
bosis; CI, confidence interval; CVC, central venous catheter; PICC,
peripherally implanted central catheter; DVT, deep vein thrombosis;
SVC, superior vena cava; RA, right atrium; OCP, oral contraceptive
pills; HRT, hormone replacement therapy. *Odds ratios and 95% CIs
are not shown for Missing data category. !Reference group for the
logistic regression analysis. "Includes antiplatelets, prophylactic dos-
ages of heparin (unfractionated and low-molecular-weight heparin),
minidose warfarin (1 mg daily) and dose-adjusted warfarin (target
International Normalized Ratio, 1.5–2).
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•  The	use	of	PICCs	in	modern	medical	pracDce	has	increased	
rapidly.	

•  Reasons	for	this	increase:	
–  Ease	of	inserDon	and	accessibility	(nursing-led	teams)	
–  Variety	of	uses	(drugs,	TNP,	blood	sampling)	
–  Perceived	safety	
–  Cost-effecDveness	compared	with	CVCs	

The	use	of	PICCs	
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 Advantages and disadvantages of peripherally inserted central 
venous catheters (PICC) compared to other central venous lines: 
A systematic review of the literature      

    EVA     JOHANSSON  1, *   ,       FREDRIK     HAMMARSKJ Ö LD  2,3, *   ,       DAG     LUNDBERG  4     &   
      MARIANNE HEIBERT     ARNLIND  5,6    

  1 Department of Neurobiology, Care Sciences and Society, Karolinska Institutet, Stockholm, Sweden,  2 Department of 
Anaesthesia and Intensive Care, Ryhov County Hospital, J ö nk ö ping, Sweden,  3 Division of Infectious Diseases, 
Department of Medicine and Experimental Medicine, Faculty of Health Science, Link ö ping University, Link ö ping, 
Sweden,  4 Department of Anaesthesiology and Intensive Care, Sk å ne University Hospital, Lund, Sweden,  5 Swedish 
Council on Health Technology Assessment (SBU), Stockholm, Sweden and  6  Medical Management Centre/LIME, 
Karolinska Institutet, Stockholm, Sweden                             

  Abstract 
  Background.  The use of central venous lines carries a signifi cant risk for serious complications and high economic costs. 
Lately, the peripherally inserted central venous catheter (PICC) has gained in popularity due to presumed advantages over 
other central venous lines. The aim of this systematic literature review was to identify scientifi c evidence justifying the use 
of PICC.  Material and methods.  The literature review was performed according to the principles of Cochrane Collaboration. 
The electronic literature search included common databases up to March 2011. Only those studies rated as high or mod-
erate quality were used for grading of evidence and conclusions.  Results.  The search resulted in 827 abstracts, 48 articles 
were read in full text, and 11 met the inclusion criteria. None of the articles was classifi ed as high quality and two had 
moderate quality. The results of these two studies indicate that PICC increases the risk for deep venous thrombosis (DVT), 
but decreases the risk for catheter occlusion. The quality of scientifi c evidence behind these conclusions, however, was 
limited. Due to the lack of studies with suffi ciently high quality, questions such as early complications, patient satisfaction 
and costs could not be answered.  Discussion.  We conclude that although PICCs are frequently used in oncology, scientifi c 
evidence supporting any advantage or disadvantage of PICC when comparing PICC with traditional central venous lines 
is limited, apart from a tendency towards increased risk for DVT and a decreased risk for catheter occlusion with PICC.   

 Central venous lines are essential in the care of 
patients with severe diseases treated in surgical, 
intensive care and oncological/haematological units. 
Traditionally clinicians have used non-tunneled or 
tunneled (t-CVC) central venous catheters (CVC) or 
subcutaneous venous ports (PORT) inserted into the 
superior vena cava via the subclavian or the internal 
jugular veins depending on the indication and on 
how long the patient will require the central venous 
line. The placement of these lines carries a signifi cant 
risk for serious complications, e.g. pneumothorax, 
arterial puncture, haemothorax, stroke, arrhythmias 
and nerve damage [1]. The procedure must therefore 

be performed by a specially trained physician, usually 
on an intensive care unit or in the operating theatre. 
While in use, the catheters may cause other compli-
cations such as infection, deep venous thrombosis 
(DVT), thrombophlebitis and dislodgement. Fur-
thermore line occlusion may occur sooner or later. 
Serious complications per se ,  or delayed treatment, 
can lead to increased morbidity and suffering, and 
sometimes, even a fatal outcome [1]. Furthermore, 
a central venous line may affect the patient ́ s well-
being in other respects, as it may be inconvenient and 
painful, leading to restrictions in daily activities and 
a change in body image [2]. It is also evident that 
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Incidence	of		DVT:		
PICC:	7.7			1000	catheter	days	
	CVC:	4.4			1000	catheter	days 	 		

	
Symptoma>c		DVT	

	HR:	7.032	(1.46–34.12)		
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The Association Between PICC Use and
Venous Thromboembolism in Upper
and Lower Extremities
M. Todd Greene, PhD, MPH,a,b,c Scott A. Flanders, MD,a,b Scott C. Woller, MD,d,e Steven J. Bernstein, MD, MPH,a,b,c

Vineet Chopra, MD, MSca,b,c
aThe Michigan Hospital Medicine Safety Consortium, Ann Arbor, Mich; bDepartment of Internal Medicine, Division of General Medicine,
University of Michigan School of Medicine, Ann Arbor, Mich; cVA Ann Arbor Health Care System, Ann Arbor, Mich; dIntermountain
Medical Center, Murray, Utah; eUniversity of Utah School of Medicine, Salt Lake City, Utah.

ABSTRACT

BACKGROUND: Peripherally inserted central catheters are associated with upper-extremity deep vein
thrombosis. Whether they also are associated with lower-extremity deep vein thrombosis or pulmonary
embolism is unknown. We examined the risk of venous thromboembolism in deep veins of the arm, leg,
and chest after peripherally inserted central catheter placement.
METHODS: We conducted a multicenter, retrospective cohort study of 76,242 hospitalized medical patients
from 48 Michigan hospitals. Peripherally inserted central catheter presence, comorbidities, venous
thrombosis risk factors, and thrombotic events within 90 days from hospital admission were ascertained by
phone and record review. Cox proportional hazards models were fit to examine the association between
peripherally inserted central catheter placement and 90-day hazard of upper- and lower-extremity deep vein
thrombosis or pulmonary embolism, adjusting for patient-level characteristics and natural clustering within
hospitals.
RESULTS: A total of 3790 patients received a peripherally inserted central catheter during hospitalization.
From hospital admission to 90 days, 876 thromboembolic events (208 upper-extremity deep vein throm-
boses, 372 lower-extremity deep vein thromboses, and 296 pulmonary emboli) were identified. After risk
adjustment, peripherally inserted central catheter use was independently associated with all-cause venous
thromboembolism (hazard ratio [HR], 3.16; 95% confidence interval [CI], 2.59-3.85), upper-extremity deep
vein thrombosis (HR, 10.49; 95% CI, 7.79-14.11), and lower-extremity deep vein thrombosis (HR, 1.48;
95% CI, 1.02-2.15). Peripherally inserted central catheter use was not associated with pulmonary embolism
(HR, 1.34; 95% CI, 0.86-2.06). Results were robust to sensitivity analyses incorporating receipt of phar-
macologic prophylaxis during hospitalization.
CONCLUSIONS: Peripherally inserted central catheter use is associated with upper- and lower-extremity
deep vein thrombosis. Weighing the thrombotic risks conferred by peripherally inserted central catheters
against clinical benefits seems necessary.
Published by Elsevier Inc. ! The American Journal of Medicine (2015) 128, 986-993

KEYWORDS: Deep vein thrombosis; Peripherally inserted central catheter; Venous thromboembolism

Compared with central venous catheters, use of peripher-
ally inserted central catheters has grown substantially in
hospitalized patients.1,2 Increasing use of peripherally
inserted central catheters reflects their clinical advantages.
For example, peripherally inserted central catheters
avoid iatrogenic complications often associated with
placement of central venous catheters in the neck or chest.
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pulmonary embolism, and 7 patients developed upper-
extremity thrombosis and pulmonary embolism. Inci-
dence rates of each venous thromboembolism outcome by
peripherally inserted central catheter presence are shown
in Table 2. Kaplan-Meier survival estimates for each type
of venous thromboembolism outcome by peripherally
inserted central catheter status are illustrated in Figure.
Survivor functions differed by peripherally inserted
central catheter status for each outcome (log-rank test for
equality: proximal upper-extremity deep vein thrombosis,
P < .001; proximal lower-extremity deep vein thrombosis,
P ¼ .0006; pulmonary embolism, P ¼ .016).

Among the 76,242 eligible patients, 1460 (1.91%) were
transferred to the ICU for reasons other than venous

thromboembolism or transitioned to palliative/comfort care.
A total of 4728 patients (6.20%) died between admission to
the index hospitalization and 90 days.

Proximal Upper-extremity Deep Vein
Thrombosis
A total of 6,484,408 patient-days were examined for the
outcome of proximal upper-extremity deep vein thrombosis,
which occurred in 208 patients. A total of 1458 patients
were censored because of transfer to the ICU or palliative
care, and 4643 patients were censored because of death. The
risk-adjusted hazard of upper-extremity deep vein throm-
bosis was 10-fold greater in patients with peripherally
inserted central catheters compared with those without a
peripherally inserted central catheter (hazard ratio [HR],
10.49; 95% confidence interval [CI], 7.79-14.11; P < .001).
Prior hospitalization, cancer diagnosis in the year preceding
the index hospitalization, and prior venous thromboembo-
lism were associated with an increased hazard of proximal
upper-extremity deep vein thrombosis (Table 3).

Proximal Lower-extremity Deep Vein
Thrombosis
A total of 6,478,380 patient-days were examined for the
outcome of proximal lower-extremity deep vein thrombosis,
which occurred in 372 patients. A total of 1454 patients were
censored because of transfer to the ICU or palliative care, and
4610 patients were censored because of death. The risk-
adjusted hazard of lower-extremity deep vein thrombosis
was greater in patients with peripherally inserted central
catheters compared with those without peripherally inserted
central catheters (HR, 1.48; 95% CI, 1.02-2.15; P ¼ .038).
Age "70 years, prior hospitalization, cancer diagnosis in the
year before the index hospitalization, history of venous
thromboembolism, immobility, leg swelling, and admitting
diagnosis of pneumonia were associated with greater risk of
lower-extremity deep vein thrombosis (Table 3).

Pulmonary Embolism
A total of 6,481,069 patient-days were examined for the
outcome of pulmonary embolism, which occurred in 296

Table 1 Select Patient Characteristics, Stratified by Peripher-
ally Inserted Central Catheter Status (N ¼ 76,242)

Patient Characteristic Total (%)
No
PICC (%) PICC (%) P Value

PICC* 5.0 - - -
Inpatient stay within
last year

48.1 47.1 66.9 <.001

Age "70 y 47.3 47.8 37.6 <.001
Gender (female) 54.8 54.9 54.1 .38
Cancer within last year 7.4 7.0 14.3 <.001
History of VTE 8.1 7.9 11.3 <.001
Immobility† 5.1 4.8 11.6 <.001
Current leg swelling 26.8 26.4 34.1 <.001
Surgery within last 30 d 2.7 2.5 7.2 <.001
COPD 29.1 29.2 27.2 .007
Diabetes mellitus 9.0 8.9 10.7 <.001
Congestive heart failure 14.9 15.0 13.1 .001
Arrhythmia 7.4 7.4 7.2 .59
Hypertension 18.4 18.4 18.7 .67
Inflammatory bowel
disease

3.0 2.9 4.0 <.001

Sepsis 9.7 9.1 21.6 <.001
Pneumonia 14.0 13.9 16.7 <.001

COPD ¼ chronic obstructive pulmonary disorder; PICC ¼ peripherally
inserted central catheter; VTE ¼ venous thromboembolism.

*PICC presence was defined as present on admission or inserted
during the index hospitalization.

†Immobility defined as having any of the following: bed rest "72
hours before hospitalization, immobilizing plaster cast, or paralysis.

Table 2 Incidence of Venous Thromboembolism (per 10,000 Patient-days) Stratified by Peripherally Inserted Central Catheter Presence

Outcome PICC No PICC Total P Value*

Proximal upper-extremity DVT 84/305,780 (2.75) 124/6,178,628 (0.20) 208/6,484,408 (0.32) <.001
Proximal lower-extremity DVT 32/308,604 (1.04) 340/6,169,776 (0.55) 372/6,478,380 (0.57) .002
Pulmonary embolism 23/308,885 (0.75) 273/6,172,184 (0.44) 296/6,481,069 (0.46) .024
Any VTE† 128/304,281 (4.21) 646/6,157,838 (1.05) 774/6,462,119 (1.20) <.001

Results in each cell displayed as number of respective VTE events/number of patient-days (incidence rate per 10,000 patient-days).
DVT ¼ deep vein thrombosis; PICC ¼ peripherally inserted central catheter; VTE ¼ venous thromboembolism.
*P values represent comparisons by PICC presence. The incidence rate is significantly greater among those with PICCs for each VTE outcome.
†Incidence rates for “Any VTE” are based on number of unique patients experiencing at least 1 type of VTE. A total of 100 patients experienced >1 type

of VTE; as such, the total number of events and number of patient-days are not summative.
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pulmonary embolism, and 7 patients developed upper-
extremity thrombosis and pulmonary embolism. Inci-
dence rates of each venous thromboembolism outcome by
peripherally inserted central catheter presence are shown
in Table 2. Kaplan-Meier survival estimates for each type
of venous thromboembolism outcome by peripherally
inserted central catheter status are illustrated in Figure.
Survivor functions differed by peripherally inserted
central catheter status for each outcome (log-rank test for
equality: proximal upper-extremity deep vein thrombosis,
P < .001; proximal lower-extremity deep vein thrombosis,
P ¼ .0006; pulmonary embolism, P ¼ .016).

Among the 76,242 eligible patients, 1460 (1.91%) were
transferred to the ICU for reasons other than venous

thromboembolism or transitioned to palliative/comfort care.
A total of 4728 patients (6.20%) died between admission to
the index hospitalization and 90 days.

Proximal Upper-extremity Deep Vein
Thrombosis
A total of 6,484,408 patient-days were examined for the
outcome of proximal upper-extremity deep vein thrombosis,
which occurred in 208 patients. A total of 1458 patients
were censored because of transfer to the ICU or palliative
care, and 4643 patients were censored because of death. The
risk-adjusted hazard of upper-extremity deep vein throm-
bosis was 10-fold greater in patients with peripherally
inserted central catheters compared with those without a
peripherally inserted central catheter (hazard ratio [HR],
10.49; 95% confidence interval [CI], 7.79-14.11; P < .001).
Prior hospitalization, cancer diagnosis in the year preceding
the index hospitalization, and prior venous thromboembo-
lism were associated with an increased hazard of proximal
upper-extremity deep vein thrombosis (Table 3).

Proximal Lower-extremity Deep Vein
Thrombosis
A total of 6,478,380 patient-days were examined for the
outcome of proximal lower-extremity deep vein thrombosis,
which occurred in 372 patients. A total of 1454 patients were
censored because of transfer to the ICU or palliative care, and
4610 patients were censored because of death. The risk-
adjusted hazard of lower-extremity deep vein thrombosis
was greater in patients with peripherally inserted central
catheters compared with those without peripherally inserted
central catheters (HR, 1.48; 95% CI, 1.02-2.15; P ¼ .038).
Age "70 years, prior hospitalization, cancer diagnosis in the
year before the index hospitalization, history of venous
thromboembolism, immobility, leg swelling, and admitting
diagnosis of pneumonia were associated with greater risk of
lower-extremity deep vein thrombosis (Table 3).

Pulmonary Embolism
A total of 6,481,069 patient-days were examined for the
outcome of pulmonary embolism, which occurred in 296

Table 1 Select Patient Characteristics, Stratified by Peripher-
ally Inserted Central Catheter Status (N ¼ 76,242)

Patient Characteristic Total (%)
No
PICC (%) PICC (%) P Value

PICC* 5.0 - - -
Inpatient stay within
last year

48.1 47.1 66.9 <.001

Age "70 y 47.3 47.8 37.6 <.001
Gender (female) 54.8 54.9 54.1 .38
Cancer within last year 7.4 7.0 14.3 <.001
History of VTE 8.1 7.9 11.3 <.001
Immobility† 5.1 4.8 11.6 <.001
Current leg swelling 26.8 26.4 34.1 <.001
Surgery within last 30 d 2.7 2.5 7.2 <.001
COPD 29.1 29.2 27.2 .007
Diabetes mellitus 9.0 8.9 10.7 <.001
Congestive heart failure 14.9 15.0 13.1 .001
Arrhythmia 7.4 7.4 7.2 .59
Hypertension 18.4 18.4 18.7 .67
Inflammatory bowel
disease

3.0 2.9 4.0 <.001

Sepsis 9.7 9.1 21.6 <.001
Pneumonia 14.0 13.9 16.7 <.001

COPD ¼ chronic obstructive pulmonary disorder; PICC ¼ peripherally
inserted central catheter; VTE ¼ venous thromboembolism.

*PICC presence was defined as present on admission or inserted
during the index hospitalization.

†Immobility defined as having any of the following: bed rest "72
hours before hospitalization, immobilizing plaster cast, or paralysis.

Table 2 Incidence of Venous Thromboembolism (per 10,000 Patient-days) Stratified by Peripherally Inserted Central Catheter Presence

Outcome PICC No PICC Total P Value*

Proximal upper-extremity DVT 84/305,780 (2.75) 124/6,178,628 (0.20) 208/6,484,408 (0.32) <.001
Proximal lower-extremity DVT 32/308,604 (1.04) 340/6,169,776 (0.55) 372/6,478,380 (0.57) .002
Pulmonary embolism 23/308,885 (0.75) 273/6,172,184 (0.44) 296/6,481,069 (0.46) .024
Any VTE† 128/304,281 (4.21) 646/6,157,838 (1.05) 774/6,462,119 (1.20) <.001

Results in each cell displayed as number of respective VTE events/number of patient-days (incidence rate per 10,000 patient-days).
DVT ¼ deep vein thrombosis; PICC ¼ peripherally inserted central catheter; VTE ¼ venous thromboembolism.
*P values represent comparisons by PICC presence. The incidence rate is significantly greater among those with PICCs for each VTE outcome.
†Incidence rates for “Any VTE” are based on number of unique patients experiencing at least 1 type of VTE. A total of 100 patients experienced >1 type

of VTE; as such, the total number of events and number of patient-days are not summative.

Greene et al PICC Use and Venous Thromboembolism 989
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Risk of venous thromboembolism associated with 
peripherally inserted central catheters: a systematic review 
and meta-analysis
Vineet Chopra, Sarah Anand, Andy Hickner, Michael Buist, Mary A M Rogers, Sanjay Saint, Scott A Flanders

Summary
Background Peripherally inserted central catheters (PICCs) are associated with an increased risk of venous 
thromboembolism. However, the size of this risk relative to that associated with other central venous catheters (CVCs) 
is unknown. We did a systematic review and meta-analysis to compare the risk of venous thromboembolism 
associated with PICCs versus that associated with other CVCs.

Methods We searched several databases, including Medline, Embase, Biosis, Cochrane Central Register of Controlled 
Trials, Conference Papers Index, and Scopus. Additional studies were identifi ed through hand searches of 
bibliographies and internet searches, and we contacted study authors to obtain unpublished data. All human studies 
published in full text, abstract, or poster form were eligible for inclusion. All studies were of adult patients aged at 
least 18 years who underwent insertion of a PICC. Studies were assessed with the Newcastle–Ottawa risk of bias scale. 
In studies without a comparison group, the pooled frequency of venous thromboembolism was calculated for patients 
receiving PICCs. In studies comparing PICCs with other CVCs, summary odds ratios (ORs) were calculated with a 
random eff ects meta-analysis.

Findings Of the 533 citations identifi ed, 64 studies (12 with a comparison group and 52 without) including 
29 503 patients met the eligibility criteria. In the non-comparison studies, the weighted frequency of PICC-related 
deep vein thrombosis was highest in patients who were critically ill (13·91%, 95% CI 7·68–20·14) and those with 
cancer (6·67%, 4·69–8·64). Our meta-analysis of 11 studies comparing the risk of deep vein thrombosis related to 
PICCs with that related to CVCs showed that PICCs were associated with an increased risk of deep vein thrombosis 
(OR 2·55, 1·54–4·23, p<0·0001) but not pulmonary embolism (no events). With the baseline PICC-related deep vein 
thrombosis rate of 2·7% and pooled OR of 2·55, the number needed to harm relative to CVCs was 26 (95% CI 13–71).

Interpretation PICCs are associated with a higher risk of deep vein thrombosis than are CVCs, especially in patients 
who are critically ill or those with a malignancy. The decision to insert PICCs should be guided by weighing of the risk 
of thrombosis against the benefi t provided by these devices.

Funding None.

Introduction
The use of peripherally inserted central catheters (PICCs) 
in modern medical practice has increased rapidly for 
several reasons, including ease of insertion, many uses 
(eg, drug administration and venous access), perceived 
safety, and cost-eff ectiveness compared with other central 
venous catheters (CVCs).1,2 Furthermore, the proliferation 
of nurse-led PICC teams has made their use convenient 
and accessible in many settings.3,4

Despite these benefi ts, PICCs are associated with deep 
vein thrombosis of the arm and pulmonary embolism.5,6 
These complications, which are often called venous 
thromboembolisms, are important because they not 
only complicate and interrupt treatment, but also 
increase cost, morbidity, and mortality.7 Despite this 
eff ect, the burden and risk of PICC-related venous 
thromboembolism is uncertain and clinicians have 
scarce evidence on which to base choice of CVC. Existing 
data report wide estimates of this adverse outcome, 
ranging from less than 1% to as high as 38·5%, 

dependent on the population studied, method of 
diagnosis, and use of prophylaxis measures.8,9 Further-
more, the precise incidence and risk of PICC-related 
venous thromboembolism relative to that of other CVCs 
is unknown. An understanding of this risk in the context 
of growing PICC use is an important cost and patient 
safety question. Up to now, no systematic review has 
been done to investigate these questions. Therefore, we 
did a systematic review and meta-analysis of the 
scientifi c literature to understand and quantitate this 
risk. Our key objectives were to defi ne the frequency of 
PICC-related venous thromboembolism in specifi c 
populations and to compare the risk of venous 
thromboembolism between PICCs and CVCs.

Methods
Search strategy and selection criteria
We followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) recom-
mendations for this meta-analysis.10 With the assistance 
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study investigating the incidence of PICC-related venous 
thromboembolism45 and unique populations such as 
antepartum patients30,31 and those with cystic fi brosis.57 In 
this varied population, the unweighted frequency of 
PICC-related deep vein thrombosis was 3·0% (281 of 
9462). The weighted frequency of PICC-related deep vein 
thrombosis was 3·44% (95% CI 1·70–5·19). None of the 
included studies in this group reported on the use of 
deep vein thrombosis prophylaxis, presumably because 
they mainly included outpatients in whom this practice 
is uncommon. Four studies tested for deep vein throm-
bosis in the presence of clinical signs suggestive of this 
development,34,46,57,84 whereas four did not report the 
trigger for deep vein thrombosis testing.30,31,45,66 The most 
common reasons for PICC placement in this population 
were long-term intravenous antibiotic treatment, total 
parenteral nutri tion, and intravenous hydration.

Comparisons across critically ill patients, those admitted 
to hospital, patients with cancer, and mixed sub groups 
showed important diff erences in PICC-related deep vein 
thrombosis. Notably, patients cared for in intensive care 
unit settings and those with cancer were reported to have 
the greatest risk of deep vein thrombosis (fi gure 3).

Of the 52 included studies without a comparison 
group, only six reported the development of pulmonary 

embolism associated with PICCs.9,30,34,42,44,50 Five studies 
were retrospective9,30,34,44,50 and one was prospective.42 From 
a patient perspective, the frequency of pulmonary embol-
ism in these studies was low at 0·5% (24 of 5113). How-
ever, of the 179 total venous thromboembolism events 
within these studies, pul monary embolism represented 
13·4% (24 of 179) of all thromboembolisms. The fre-
quency of pulmonary em bolism was highest in critically 
ill patients (those in the neurosurgical intensive care 
unit), where pulmonary embolism represented 15·4% 
(six of 39) of all venous thromboembolism events.44

12 studies (n=3916) reported venous thromboembolism 
rates in PICC recipients and those with CVCs and were 
published in peer-reviewed journals.23,24,28,32,37,43,55,61,70,71,79,81 
One study reported rates of deep vein thrombosis relative 
to the number of CVCs, rather than the number of 
patients.55 Although we did not pool outcomes from this 
study for meta-analyses, deep vein thrombosis related to 
PICCs was frequent in this study compared with that 
associated with CVCs (51 of 807 PICCs [6·3%] vs 4 of 
320 CVCs [1·3%]). Only one study noted retrospective 
evidence of pulmonary embolism by imaging;32 other-
wise, pulmonary embolism was not reported in any 
study. In all but two studies,28,32 clinical symptoms (eg, 
arm swelling or pain) prompted radiological testing to 
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Figure 4: Risk of venous thromboembolism between peripherally inserted central catheters and central venous catheters in studies with a comparison group
Forest plot showing odds of development of upper-extremity DVT in patients with peripherally inserted central catheters versus central venous catheters. 
VTE=venous thromboembolism. OR=odds ratio. PICC=peripherally inserted central catheter.

Figure 3: Forest plot showing weighted frequency of peripherally inserted central catheter-related VTE risk, stratifi ed by patient population
VTE=venous thromboembolism. ICU=intensive care unit.
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      Use of peripherally inserted central catheters (PICCs) 
has increased during the past 35 years.  1-6   PICC 

use has also extended beyond the hospital to ambula-
tory care, skilled nursing facilities, and homecare. The 
increase in PICC use is due to fewer insertion com-
plications and less insertion time than other central 
venous catheters (CVCs).  7,8   The use of ultrasound-

guided PICC insertion has improved diffi cult venous 
access by visualization of vein size, patency, and venous 
flow.  4   Using ECG with bedside ultrasound elimi-

nates chest radiographs to verify PICC tip location 
in many patients.  9   However, PICC use continues to 
carry important risks, most notably infection and 
thrombosis. 

 There are studies that challenge the assertion that 
the infection risk from PICCs is greater than that 
from traditional CVCs.  10-12   In contrast, as PICC use 
has increased, so has upper extremity DVT.  13   PICC-
associated DVT rates have ranged from 0 to 20%  7   and 

  Background:    As peripherally inserted central catheter (PICC) use has increased, so has the upper 
extremity DVT rate. PICC diameter may pose the most modifi able risk for PICC-associated DVT. 
  Methods:    A 3-year, prospective, observational study of all PICC insertions by a specially trained 
and certifi ed team using a consistent and replicable approach was conducted at a 456-bed, level 
I trauma and tertiary referral hospital during January 1, 2008, through December 31, 2010. An 
intensifi ed effort by the PICC team in 2010 was introduced to discuss and reach interdisciplinary 
consensus on the need for each lumen of the PICC and a change to smaller diameter 5F triple-
lumen PICC. 
  Results:    Signifi cantly more 4F single-lumen PICCs were used during 2010 (n  5  470) compared 
with 2008 and 2009 (n  5  338, 382;  P   ,  .0001). DVT rates were similar with the use of 5F triple-lumen 
PICCs in 2010 as 5F double-lumen PICCs and lower rates than 6F triple-lumen catheters used in 
2008 and 2009. The PICC-associated DVT rate was signifi cantly lower (1.9% vs 3.0%,  P   ,  .04) in 
2010 compared with 2008 and 2009. The cost and length of stay attributable to PICC-associated 
DVT were $15,973 and 4.6 days. 
  Conclusions:    A signifi cant increase in the use of single-lumen PICCs in addition to the institutional 
adoption of smaller 5F triple-lumen PICCs was associated with a signifi cant decrease in the rate 
of PICC-associated DVT.    CHEST 2013; 143(3):627–633   

  Abbreviations:  CVC  5  central venous catheter; IMC  5  Intermountain Medical Center; PICC  5  peripherally inserted 
central catheter 
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vascular studies for multilumen PICCs in 2010 and 
increased the rate of DVT. We, therefore, do not think 
the reduction in DVTs can be attributed to ascertain-
ment bias or Hawthorne effect. 

 Other factors that could mitigate the risk of DVT 
from PICCs were stable over the period of this study. 
The use of ultrasound during PICC insertion has been 
shown to signifi cantly reduce DVT  22,23   and was used 
during all 3 study years. Likewise, some studies report 
that patients with PICCs who received anticoagulants 
had signifi cantly fewer DVTs.  24   We were not able to 
detect an increase in anticoagulant use during 2010. 

 In contrast to other studies,  1-6   PICC use declined 
over the 3-year study period ( Table 1 ). This resulted 
from fewer admissions because of the opening of a 
new Intermountain Healthcare hospital 14 miles away 
in the fourth quarter of 2009. However, the PICC 
rate per admission remained stable (6.2, 6.0, 6.3) 
( Table 1 ). 

 Although the DVT rate for the triple-lumen 6F PICC 
use in one study was found to be unacceptably high,  9   
we observed no signifi cant differences in DVT between 
5F triple lumen and 5F double lumen. There was no 
PICC team documentation in 2010 stating that any 
of the 5F triple-lumen PICCs were removed due 
to clotting or damage, and fewer patients needed 
multiple PICC as replacements during 2010. This 
suggests that the new 5F triple-lumen PICCs were 
not more prone to dysfunction compared with the 
6F triple-lumen catheters, arguing that the decrease 
in DVT risk is not counterbalanced by an increased 
need for catheter replacement. We did fi nd a signifi cant 
( P   ,  .001) increase in alteplase use in patients with 
the 5F triple-lumen PICC in 2010. The PICC team 

 By the third quarter of 2009, PICC team education 
concerning our previous study,  19   which showed an 
increased DVT risk with larger PICC, was widely com-
municated to physicians and midlevel providers. Phy-
sician awareness and increased PICC team involvement 
in decision making are the only changes we can iden-
tify to explain the trend to use fewer lumen (smaller 
diameter) catheters in 2009 and especially in 2010. 
Moreover, with the introduction of a new 5F triple-
lumen PICC in 2010, the use of 5F triple-lumen PICC 
more than doubled over 2009 without an increased 
DVT rate. Double- and triple-lumen PICCs are often 
needed to meet the needs of critically ill patients and 
decrease the need for multiple vascular access devices.  4   
In our previous study, we found that vascular studies 
were ordered based on clinical manifestations of DVT 
and not PICC size.  19   Moreover, physicians’ clinical 
suspicion of thrombosis would have manifest as more 

 Table 2— Characteristics of Patients With PICC-Associated DVT During 2008 Through 2010  

Characteristic 2008 2009 2010

Total PICC inserted, No. 2,014 1,955 1,827
Total PICC insertions with DVT 60 (3.0) 58 (3.0) 35 (1.9)  a  
DVT per 1,000 PICC days 4.0 4.3 2.7
Total distinct patients with DVT 57 (2.8) 56 (2.9) 34 (1.9)
Patients with two DVTs during same hospitalization 2 (0.09) 2 (0.1) 1 (0.05)
Patients with two DVTs during different hospitalizations 1 (0.05) 0 (0.0) 0 (0.0)
Mean duration from PICC insertion to DVT diagnosis, d (range) 9.5 (1-64) 9.2 (1-60) 8.3 (1-38)
Veins affected by DVT  b  
 Axillary 49 (81.7) 35 (60.3) 28 (80.0)
 Subclavian 26 (43.3) 19 (32.7) 13 (37.1)
 Basilic 10 (16.7) 12 (20.7) 10 (28.6)
 Brachial 3 (5.0) 7 (12.1) 8 (22.8)
 Cephalic 3 (5.0) 2 (3.4) 3 (8.6)
Patients with PICC and surgery  !  1 h 801 (39.8) 713 (36.5) 720 (39.4)
Patients with PICC and previous DVT 311 (15.4) 260 (13.3) 280 (15.3)
Received anticoagulation  c  966 (48.0) 848 (43.4) 800 (43.8)

Data are shown as No. (%) unless otherwise indicated. See Table 1 legend for expansion of abbreviations.
 a  P   ,  .04.
 b Multiple veins could be involved during the same incidence of DVT.
 c Anticoagulation medication administered at the bedside while PICC was inserted.

  Figure  2. Rates of symptomatic DVT associated with peripher-
ally inserted central catheter diameter. *Triple-lumen catheters 
were 6F in 2008 and 2009 and 5F in 2010.   
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The	new	era:	
New	oral	anDcoagulants	



Meccanismo	d’azione	dei	nuovi	
anDcoagulanD	orali	

Inibitori	orali	direH:	
rivaroxaban,	apixaban		

Cascata	della	coagulazione	

	
Inibitore	orale	direMo:	
dabigatran	

Xa	

IIa	

TF/VIIa	

IXa	

Fibrina	Fibrinogeno	

II	
Va	

IX	X	

VIIIa	

Iniziazione	

Propagazione	

AHvità	trombina	



PK/PD	dei	nuovi	anDcoagulanD	orali	

Ruff	CR	and	Giugliano	RP.	Hot	Topics	in	Cardiology	2010;4:7-14	
Ericksson	BI	et	al.	Clin	Pharmacokinet	2009;	48:	1-22	
Ruff	CR	et	al.	Am	Heart	J	2010;	160:635-41	

Dabigatran Apixaban Rivaroxaban Edoxaban 

Target IIa 
(trombina) 

Xa Xa Xa 

Cmax (ore) 2 1-3 2-4 1-2 

Metabolismo 
CYP 

nessuno 15% 32% NR 

Emivita 12-14h 8-15h 9-13h 8-10h 

Eliminazione 
renale 

80% 40% 33% 35% 

CYP	=	cytochrome	P450;	NR	=	not	reported		



New	Oral	AnDcoagulants	in	cancer	paDents	

PotenDal	advantages	of	NOAcs	for	anDthromboDc	
prophylaxis	in	paDents	with	cancer	:	
	
-  Oral	administraDon	
-  Half	life	of	NOA	similar	to	that	of	LMWH	
-  Poor	drug	interacDons	



Long-term	VTE	treatment	in	cancer	paDents	

Study	 Randomized	
interven2on	

Dura2on	of	
treatment	
(months)	

Randomized	
pa2ents	
										N	

Pa2ents			with	
cancer		
							n							(%)	

RECOVER	I	 •  Dabigatran	150	mg	BID	
•  Enoxap.	1	mg/kg	BID		x	5	d	+	VKA	daily	

6		 2564	 121					(4.7)	

RECOVER	II	 •  Dabigatran	150	mg	BID	
•  Enoxap.	1	mg/kg	BID	x	5	d		+	VKA	daily	

6		 2589	
	

100				(3.9)	

EINSTEIN	DVT	 •  Riva.	15	mg	BID	x	3	weeks,	20	mg/die	
•  Enoxap.	1	mg/kg	BID	x	5	d	+	VKA	daily	

3,6,12		 3449	 207				(6.0)	

EINSTEIN	PE	 •  Riva.	15	mg	BID	x	3	weeks,	20	mg/die	
•  Enoxap.	1	mg/kg	BID	x	5	d	+	VKA	daily	

3,6,12	 4832	 223				(4.6)	

AMPLIFY	 •  Apixaban	10	mg	BID	x		7	d,	5	mg/	die	
•  Enoxap.	1	mg/kg	BID	x	5	d	+	VKA	daily	

6	 5395	 143				(2.6)	

HOKUSAI-VTE	 •  Edoxaban	30	or	60	mg/die	
•  Enoxap.	1	mg/kg	BID	or	heparin		x	5	d	+	

VKA	daily	

3-12	 8240	 771				(9.3)	

TOTAL	 27069	 1565		(5.8)	

Approximately	10–20%	of	VTE	cases	occur	in	paDents	with	cancer	



Long-term	VTE	treatment	in	cancer	paDents	
Metanalysis:	efficacy	outcome	

	VedovaD	C	et	al;	Chest.	2015	

Study or Subgroup
AMPLIFY 2013
EINSTEIN-DVT 2010
EINSTEIN-PE 2012
HOKUSAI 2013
RECOVER I & II 2013

Total (95% CI)
Total events
Heterogeneity: Chi² = 0.36, df = 4 (P = 0.99); I² = 0%
Test for overall effect: Z = 1.62 (P = 0.10)

Events
3
4
2
4

10

23

Total
81

118
114
109
173

595

Events
5
5
3
7

12

32

Total
78
89

109
99

162

537

Weight
15.2%
17.1%
9.4%

22.0%
36.3%

100.0%

M-H, Fixed, 95% CI
0.56 [0.13, 2.43]
0.59 [0.15, 2.26]
0.63 [0.10, 3.85]
0.50 [0.14, 1.77]
0.77 [0.32, 1.83]

0.63 [0.37, 1.10]

DOA Comparator Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favors DOA Favors comparator
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Recurrent	VTE	

3.9%	 5.9%	



Long-term	VTE	treatment	in	cancer	paDents	
										Metanalysis:	safety	outcomes	

Major	bleeding	

CR	non	major	bleeding	

3a 

3b 

Study or Subgroup
AMPLIFY 2013
EINSTEIN DVT & PE 2013
HOKUSAI 2013
RECOVER I & II 2013

Total (95% CI)
Total events
Heterogeneity: Chi² = 1.40, df = 3 (P = 0.70); I² = 0%
Test for overall effect: Z = 0.81 (P = 0.42)

Events
2
6
5
6

19

Total
87

232
109
159

587

Events
4
8
3
7

22

Total
80

196
99

152

527

Weight
18.2%
37.7%
13.4%
30.7%

100.0%

M-H, Fixed, 95% CI
0.45 [0.08, 2.51]
0.62 [0.21, 1.83]
1.54 [0.36, 6.61]
0.81 [0.27, 2.47]

0.77 [0.41, 1.44]

DOA Comparator Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favors DOA Favors comparator

Study or Subgroup
AMPLIFY 2013
EINSTEIN-DVT 2010
EINSTEIN-PE 2012
HOKUSAI 2013
RECOVER I & II 2013

Total (95% CI)
Total events
Heterogeneity: Chi² = 4.04, df = 4 (P = 0.40); I² = 1%
Test for overall effect: Z = 0.96 (P = 0.34)

Events
11
17
14
20
23

85

Total
87

118
114
109
159

587

Events
18
14
10
25
20

87

Total
80
88

108
99

152

527

Weight
21.0%
17.6%
11.5%
27.4%
22.4%

100.0%

M-H, Fixed, 95% CI
0.50 [0.22, 1.13]
0.89 [0.41, 1.92]
1.37 [0.58, 3.24]
0.67 [0.34, 1.29]
1.12 [0.59, 2.13]

0.85 [0.62, 1.18]

DOA Comparator Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favors DOA Favors comparator
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3a 

3b 

Study or Subgroup
AMPLIFY 2013
EINSTEIN DVT & PE 2013
HOKUSAI 2013
RECOVER I & II 2013

Total (95% CI)
Total events
Heterogeneity: Chi² = 1.40, df = 3 (P = 0.70); I² = 0%
Test for overall effect: Z = 0.81 (P = 0.42)

Events
2
6
5
6

19

Total
87

232
109
159

587

Events
4
8
3
7

22

Total
80

196
99

152

527

Weight
18.2%
37.7%
13.4%
30.7%

100.0%

M-H, Fixed, 95% CI
0.45 [0.08, 2.51]
0.62 [0.21, 1.83]
1.54 [0.36, 6.61]
0.81 [0.27, 2.47]

0.77 [0.41, 1.44]

DOA Comparator Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favors DOA Favors comparator

Study or Subgroup
AMPLIFY 2013
EINSTEIN-DVT 2010
EINSTEIN-PE 2012
HOKUSAI 2013
RECOVER I & II 2013

Total (95% CI)
Total events
Heterogeneity: Chi² = 4.04, df = 4 (P = 0.40); I² = 1%
Test for overall effect: Z = 0.96 (P = 0.34)

Events
11
17
14
20
23

85

Total
87

118
114
109
159

587

Events
18
14
10
25
20

87

Total
80
88

108
99

152

527

Weight
21.0%
17.6%
11.5%
27.4%
22.4%

100.0%

M-H, Fixed, 95% CI
0.50 [0.22, 1.13]
0.89 [0.41, 1.92]
1.37 [0.58, 3.24]
0.67 [0.34, 1.29]
1.12 [0.59, 2.13]

0.85 [0.62, 1.18]

DOA Comparator Odds Ratio Odds Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favors DOA Favors comparator
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	VedovaD	C	et	al;	Chest.	2015	

3.2%	 4.2%	

14.4%	 16.5%	



		EINSTEIN	TRIALS:	pooled	analysis	in	cancer		
subgroup	according	to	acDve	cancer	

	 

Ac2ve	cancer*	
Rivaroxaban	 Enoxaparin/VKA	 HR	(95%	CI) 

Recurrent	VTE,	n	(%) 16/354	(4.5) 20/301	(6.6) 0.67	(0.35–1.30) 

Major	bleeding,	n	(%) 8/353	(2.3) 15/298	(5.0) 0.42	(0.18–0.99) 

Mortality,	n	(%) 58/354	(16.4) 53/301	(17.6) 0.93	(0.64–1.35) 

*At	baseline	or	diagnosed	during	the	study	

Prins	M	et	al.,	2014	

NET	CLINICAL	BENEFIT	
8.2%	vs	13.2%	

HR	0.60	(0.36-0.99)	





Conclusions	

The	benefit	of	anDthromboDc	prophylaxis	in	paDents	with	CVC	is	
not	clearly	defined.		
	
The	current	guidelines	do	not	recommended	anDthromboDc	
prophylaxis	in	paDents	with	CVC.	
	
Future	perspecDves	could	be	represented	by	the	increasing	use	
in	clinical	pracDce	of:	

	-	PICCs	
	-	NOACs		



GRAZIE per l’attenzione


