
PICC-associated Bloodstream Infections: Prevalence,
Patterns, and Predictors
Vineet Chopra, MD, MSc,a,b,c David Ratz, MS,a,b Latoya Kuhn, MPH,a,b Tracy Lopus, RN, CRNI,b Carol Chenoweth, MD, MS,c

Sarah Krein, PhD, RNa,b,c

aThe Center for Clinical Management Research and The Patient Safety Enhancement Program, Ann Arbor, Mich; bVA Ann Arbor
Healthcare System, Ann Arbor, Mich; cThe University of Michigan Health System, Ann Arbor.

ABSTRACT

BACKGROUND: Growing use of peripherally inserted central catheters (PICCs) has led to recognition of the
risk of PICC-associated bloodstream infection. We sought to identify rates, patterns, and patient, provider,
and device characteristics associated with this adverse outcome.
METHODS: A retrospective cohort of consecutive adults who underwent PICC placement from June 2009 to
July 2012 was assembled. Using multivariable logistic and Cox-proportional hazards regression models,
covariates specified a priori were analyzed for their association with PICC-associated bloodstream infec-
tion. Odds ratios (OR) and hazard ratios (HR) with corresponding 95% confidence intervals (CI) were used
to express the association between each predictor and the outcome of interest.
RESULTS: During the study period, 966 PICCs were inserted in 747 unique patients for a total of 26,887
catheter days. Indications for PICC insertion included: long-term antibiotic administration (52%, n ¼ 503),
venous access (21%, n ¼ 201), total parenteral nutrition (16%, n ¼ 155), and chemotherapy (11%,
n ¼ 107). On bivariate analysis, intensive care unit (ICU) status (OR 3.23; 95% CI, 1.84-5.65), mechanical
ventilation (OR 4.39; 95% CI, 2.46-7.82), length of stay (hospital, OR 1.04; 95% CI, 1.02-1.06 and ICU,
OR 1.03; 95% CI, 1.02-1.04), PowerPICCs (C. R. Bard, Inc., Murray Hill, NJ; OR 2.58; 95% CI, 1.41-
4.73), and devices placed by interventional radiology (OR 2.57; 95% CI, 1.41-4.68) were associated with
PICC-bloodstream infection. Catheter lumens were strongly associated with this event (double lumen, OR
5.21; 95% CI, 2.46-11.04, and triple lumen, OR 10.84; 95% CI, 4.38-26.82). On multivariable analysis,
only hospital length of stay, ICU status, and number of PICC lumens remained significantly associated with
PICC bloodstream infection. Notably, the HR for PICC lumens increased substantially, suggesting earlier
time to infection among patients with multi-lumen PICCs (HR 4.08; 95% CI, 1.51-11.02 and HR 8.52; 95%
CI, 2.55-28.49 for double- and triple-lumen devices, respectively).
CONCLUSIONS: PICC-associated bloodstream infection is most associated with hospital length of stay, ICU
status, and number of device lumens. Policy and procedural oversights targeting these factors may be
necessary to reduce the risk of this adverse outcome.
Published by Elsevier Inc. " The American Journal of Medicine (2014) 127, 319-328

KEYWORDS: Bloodstream infection; BSI; CLABSI; Infection; Peripherally inserted central catheter; PICC

The views expressed in this article are those of the authors and do not
necessarily reflect the position or policy of the Department of Veterans
Affairs or the United States government.

Funding: This work was supported by Locally Initiated Project (LIP)
Award #41-127 from the Center for Clinical Management Research, VA
Ann Arbor Healthcare System. VC is supported by Early Career Awards
from the Society of Hospital Medicine and the Research Career Develop-
ment Core of the Claude D. Pepper Older Adults Independence Center at
the University of Michigan.

Conflicts of Interest: None.
Authorship: All authors had access to the data and played a role in

writing this manuscript.
Requests for reprints should be addressed to Vineet Chopra, MD,

MSc, The Center for Clinical Management Research and The Patient
Safety Enhancement Program, The University of Michigan Health Sys-
tem, 2800 Plymouth Road, Building 16 Room 432W, Ann Arbor,
MI 48109.

E-mail address: vineetc@umich.edu

0002-9343/$ -see front matter Published by Elsevier Inc.
http://dx.doi.org/10.1016/j.amjmed.2014.01.001

CLINICAL RESEARCH STUDY

Evidence-‐Based	  Algorithm	  for	  Management	  of	  PICC-‐
Associated	  DVT	  

Peripherally Inserted Central Catheter-associated
Deep Vein Thrombosis: A Narrative Review
Nabil Fallouh, MD, MS,a Helen M. McGuirk, MPH,a,b Scott A. Flanders, MD,a Vineet Chopra, MD, MSca,b
aDepartment of General Medicine, University of Michigan Health System, Ann Arbor; bPatient Safety Enhancement Program, Hospital
Outcomes Program of Excellence and the Center for Clinical Management Research, Ann Arbor VA Medical Center, Ann Arbor, Mich.

ABSTRACT

BACKGROUND: Although common, little is known about factors associated with peripherally inserted central
catheter-related deep vein thrombosis (PICC-DVT). To better guide clinicians, we performed a compre-
hensive literature review to summarize best practices for this condition.
METHODS: A systematic search of the literature for studies reporting epidemiology, diagnosis, treatment,
and prevention of PICC-DVT was conducted. Algorithms for diagnosis and management were compiled
using available evidence.
RESULTS: The incidence of PICC-DVT varied between 2% and 75% according to study population, testing
modality and threshold for diagnosis. Studies evaluating the diagnostic utility of clinical symptoms sug-
gested that these were neither sensitive nor specific for PICC-DVT; conversely, ultrasonography had
excellent sensitivity and specificity and is recommended as the initial diagnostic test. Although more
specific, contrast venography should be reserved for cases with high clinical probability and negative ul-
trasound findings. Centrally positioned, otherwise functional and clinically necessary PICCs need not be
removed despite concomitant DVT. Anticoagulation with low-molecular-weight heparin or warfarin for at
least 3 months represents the mainstay of treatment. The role of pharmacologic prophylaxis and screening
for PICC-DVT in the absence of clinical symptoms is unclear at this time.
CONCLUSIONS: PICC-DVT is common, costly and morbid. Available evidence provides guidance for
diagnosis, treatment and prevention of this condition.
Published by Elsevier Inc. ! The American Journal of Medicine (2015) 128, 722-738
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Over the past decade, use of peripherally inserted central
catheters (PICCs) to achieve nonpermanent yet durable
venous access has grown dramatically.1,2 Originally devel-
oped in 1975 for delivering total parenteral nutrition,3

PICCs today serve roles spanning delivery of short- and
long-term intravenous antibiotics to invasive hemodynamic
monitoring. However, PICCs are also associated with

complications, including upper-extremity deep vein throm-
bosis.4,5 Peripherally inserted central catheter-related deep
vein thrombosis (PICC-DVT) is important because it in-
terrupts venous therapy, increases cost of care, and often
leads to sequelae such as phlebitis, vein stenosis, and pul-
monary embolism.5-10

Despite these facts, little is known about risk factors,
diagnostic strategies, treatment, and prevention of PICC-
DVT. While a recently published meta-analysis reported
that PICCs were associated with a greater risk of thrombosis
compared with central venous catheters,11 factors that may
drive this increased risk are not well defined. An overview
incorporating the myriad scientific and technical aspects
of diagnosis, management, and prevention of PICC-DVT is
thus needed. Therefore, we reviewed the literature and
synthesized available data to develop evidence-based algo-
rithms for evaluation and treatment of PICC-DVT.
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recommended (Grade 1C evidence).76 However, limited
data regarding risks and benefits of prolonged anti-
coagulation are currently available.

PICC Removal. Because PICCs remain a nidus for prop-
agation of clot, removal should be considered when
thrombosis is detected. In this context, 2 questions should be
answered: 1) is the PICC still clinically necessary? and if so,
2) is it still well positioned (eg, at the cavoatrial junction)
and functional? Existing guidelines do not advocate routine
removal of PICCs provided the answer to these questions is
affirmative (Grade 2C evidence).76 However, PICC removal
may be unavoidable in settings where anticoagulation is
contraindicated or if bloodstream infection coexists.
Persistent symptoms such as arm pain or swelling despite
several days of anticoagulation may also warrant catheter
removal.80

Thrombolysis and Interventional Procedures. Few
studies have compared thrombolytic or endovascular treat-
ments with anticoagulation alone for catheter-related DVT,
let alone PICC-DVT. However, observational data suggest
improvement in upper-extremity venous patency with early
institution of thrombolytic therapy and anticoagulation,
albeit with an increased risk of bleeding.81-84 Catheter-
directed therapy has replaced systemic thrombolytic
therapy in upper-extremity DVT.85-87 Current guidelines

recommend that thrombolysis be reserved for patients who
present with severe symptoms (eg, phlegmasia or functional
impairment of the limb); extensive thrombus burden in the
subclavian or axillary veins; symptoms for 14 days; good
functional status; life expectancy of at least 1 year; and low
risk of bleeding.76

Endovascular modalities including thrombectomy and
angioplasty reduce the risk of postthrombotic syndrome in
the lower extremities, but their role in treating PICC-DVT is
unclear.88,89 Observational studies of endovascular therapies
for catheter-related DVT suggest promise of early recana-
lization.85,90 Although in use,91 long-term safety and effi-
cacy data for superior vena cava filters in upper-extremity
DVT are not available92; thus, use in PICC-DVT cannot be
recommended at this time.76

An algorithmic approach for managing PICC-DVT that
synthesizes the available evidence is presented in Figure 4.

Prevention of PICC-DVT
Prevention of PICC-DVT should center on patient-, pro-
vider-, and device-related characteristics. Consideration of
vascular access devices that are associated with lower risk of
thrombosis is therefore a pragmatic and proactive
approach.19,34,93,94 Similarly, use of ultrasound to ensure
appropriate catheter-to-vein ratio, verification of tip posi-
tion, and early removal of PICCs are but a few provider

Figure 4 Flowchart showing an algorithmic, evidence-based approach to treatment of PICC-DVT. CrCl ¼ creatinine clearance;
LMWH ¼ low-molecular-weight heparin; IVUH ¼ intravenous unfractionated heparin; PICC ¼ peripherally inserted central catheter;
PICC-DVT ¼ peripherally inserted central catheter-deep venous thrombosis.
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