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Abstract

Introduction: Central venous access using peripherally inserted central catheters is frequently used for patients receiving
intravenous medications in the hospital or outpatients. Although there are several benefits of peripherally inserted central
catheters, such as ease of insertion, low procedure-related risk and higher patient satisfaction, there are complications
associated with peripherally inserted central catheter use. Despite some studies evaluating peripherally inserted central
catheter line—related complications, the factors associated with peripherally inserted central catheter—related deep venous
thrombosis in critically ill medical-surgical patients are poorly described. The objective of this case-control study was to
identify the risk factors associated with peripherally inserted central catheter line—related deep venous thrombosis in
critically ill medical-surgical intensive care unit patients in a community hospital.

Methods: We abstracted relevant clinical data from 2| cases with symptomatic peripherally inserted central catheter—
related deep venous thrombosis and 42 controls with peripherally inserted central catheters but no deep venous thrombosis.
Results: Of the factors evaluated, female gender, the use of triple lumen peripherally inserted central catheters, larger outer
diameter, and open (vs valve) peripherally inserted central catheters were associated with venous thrombosis. In this retrospective
study, we did not identify any association of peripherally inserted central catheter—related deep venous thrombosis with a
prior history of deep venous thrombosis, use of alteplase, antiplatelet therapy, prophylactic or therapeutic anticoagulation,
international normalized ratio, platelet count and the use of peripherally inserted central catheters for total parenteral nutrition.
Conclusion: Our study indicates that the catheter size relative to the diameter of the vein could be an important risk factor
for the development of peripherally inserted central catheter—related deep venous thrombosis. The study findings should
be confirmed in a larger study designed to identify risk factors of peripherally inserted central catheter—related deep venous
thrombosis. In the meantime, the peripherally inserted central catheter lines should be used judiciously in critically ill patients.
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Despite several benefits, the complications associated with
the use of PICC lines remains a concern. These complications
could either be catheter-related, such as line malfunction, line
fracture, infections, arteriovenous (AV) fistula, thrombophle-
bitis, venous stenosis, and thrombosis, or procedure-related,
which includes mispositioning, bleeding, and brachial artery
puncture.’ PICCs are associated with up to 35% of all diag-
nosed upper extremity deep vein thrombosis (UEDVT).® A
higher incidence of PICC-related UEDVT is linked to a vari-
ety of host factors, including severity of illness; malignancy’;
a history of warfarin use; a prior history of venous thrombosis®
or thromboembolism; high body mass index (BMI)’; trauma;
renal failure; antibiotics infusion, especially vancomycin; the
outer diameter of the PICC greater than 4F¢; left-sided cathe-
ters; and basilic vein placement.'’ Some reports have indicated
an up to 2.5 fold higher incidence of PICC line-related venous
thrombosis in comparison to centrally inserted catheters
(CIC)." Midline line catheters are now available as an alter-
nate choice for intravenous access and the clinical practice for
its use is evolving. One report identified a substantially higher
risk of midline catheter-associated thrombosis when com-
pared to PICCs.'? Thus, a better understanding of the risk fac-
tors for PICC is needed to inform the choice of intravenous
access between PICC, CIC, and midline catheters.

Although previous studies have linked PICCs to the
development of thrombosis, these studies have not specifi-
cally investigated critically ill subjects in the intensive care
unit (ICU). A recent study, however, reported a hazard ratio
for 30-day venous thromboembolism (VTE) of 1.90 for
PICC in critically ill patients.'> The goal of our study was to
identify the risk factors associated with PICC-related DVT
in medical-surgical ICU patients in a community hospital.
We did not include cases who had midline catheters in this
study as midline catheters are considered as peripheral intra-
venous access at our institution, and the use of irritant of
vesicant medications is not permitted in midline catheters.

Methods

The University of Minnesota Institutional Review Board
approved this study. The bedside nursing staff and the intra-
venous access team personnel monitor the patients for the
development of local symptoms or swelling, which prompts
evaluation for DVT by a venous doppler ultrasound. All
PICC line insertions and complications, such as DVT, are
documented in the medical chart as well as separate records
maintained by the intravenous access team. We used the
records maintained by the intravenous access team to identify
all cases with PICC placed over a 6-month period and those
who had PICC line-related DVT between October 2011 and
March 2012. The data obtained from the tracking sheets
were then confirmed by reviewing the medical chart. The
chart review was also used to abstract the relevant PICC line
and patient-specific data to assess the risk factors for
UEDVT. The patient data abstracted included age, gender,

BMI, primary diagnosis for the hospital admission, any prior
history of venous thromboembolic disease, past or concurrent
malignancy, coagulation parameters such as international
normalized ratio (INR), partial thromboplastin time (PTT),
platelet count, and fibrinogen (done within a week of PICC
line insertion). We also abstracted data about medications for
the use of warfarin, enoxaparin, heparin, aspirin, and alteplase
for in situ catheter clot lysis. The data relevant to the PICC
line and its insertion included the side of PICC line placement
(left vs right), insertion site (basilic vs cephalic vs brachial),
external catheter diameter (F), number of lumens, and the
catheter tip characteristics (open tip vs Groshong valve tip).
In this study, we did not evaluate other characteristics that
influence the risk of thrombosis such as the material used to
make PICC, for example, silicone or polyurethane. For this
case-control study, we collected data from 21 consecutive
patients who developed symptomatic DVT during the
6months of data reviewed. We collected data on twice the
number of consecutive controls to determine the risk factors
present in cases with venous thrombosis. For comparison of
binary exposures between case-control groups, generally, a
1:1 case/control ratio is the most effective. For testing differ-
ences of quantitative measures between case-control groups,
collecting more samples helps to improve the precision esti-
mate. This observation has motivated us to double the control
sample sizes in our study: a balance of resources needed for
the study and the power.'* The Medical Inpatients and
Thrombosis Study used a similar strategy with a case to con-
trol ratio of 1:2'% to identify risk factors for PICC-related
thrombosis in patients with medical illnesses.

To determine whether meaningful differences exist, we
used Fisher’s exact test to compare the difference in propor-
tions between the DVT and no DVT groups.'® For compari-
son of continuous variables between the two groups, we used
the two-sample Student t test. We used a standard threshold
of p-valued < 0.05 to determine whether the differences
were of meaningful significance.

Results

Of the 497 PICC line insertions during the study period, 21
patients were found to have symptomatic DVT confirmed
with ultrasonography (Table 1). A total of 42 consecutive
patients with PICC lines who did not develop DVT were
selected as controls. The incidence of symptomatic UEDVT
was 4.2% in this study. The mean age of the patients with
PICC-related DVT was 65 = 14.3 years. The mean duration
from the placement of the PICC line to the development of
thrombosis was 7.6 £4.7days. A substantially increased
incidence of PICC-associated UEDVT was seen in females,
the use of triple lumen catheters, a larger external diameter
of the catheter, and open catheter (compared to the valved
Groshong catheters).

In this study, among PICC line groups with or without
DVT, no difference was observed in age, BMI, INR, platelet
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Table I. Factors associated with PICC line—related thrombosis.

DVT No DVT p-value®
Gender (%)
Male 28.57 64.28 0.015
Female 7143 35.72
Number of lumens (%)
One - 28.57 0.005
Two 238 30.95
Three 76.2 40.47
External diameter (%)
4F 4.76 28.57 0.045
S5F 95.24 71.43
Catheter tip characteristics (%)
Open 76.19 47.61 0.035
Valved 23.81 52.39

DVT: deep venous thrombosis; PICC: peripherally inserted central
catheter.
?P-value: Fisher’s exact test.

Table 2. Factors not associated with PICC line thrombosis.

DVT No DVT p-value*

Past or concurrent 2/21 (9.5%) 11/42 (26.1%)  0.322
cancer (%)
History of DVT 3721 (14.2%) 7/142 (16.7%)  0.999
History of alteplase ~ 5/21 (23.8%) 8/42 (19.05%) 0.755
Use of PICC line 4/21 (19.05) 5/42 (14.3%)  0.710
for TPN
Use of antiplatelet/anticoagulation

Aspirin 5/21 (23.8%) 5/42 (11.9%)  0.314

LMWH or IV/ 14/21 (66%) 21/42 (50%) 0.518

SQ heparin

Coumadin®
INR® 1.4+0.35 1.58 % 1.14 0.412
Platelet count* 241.7+ 1487 2074*=129.6  0.383

IV: intravenous; SQ: subcutaneous; PICC: peripherally inserted central
catheter; DVT: deep venous thrombosis; TPN: total parenteral nutrition;
LWMH: low-molecular-weight heparin; INR: international normalized
ratio.

?Fisher’s exact test for proportions, and two-sample t test for continuous
variables.

PA case could be on more than one agent.

‘Laboratory values not available on all case.

count, side or the venous insertion site of the PICC line.
Similarly, no difference was seen in the two groups with
respect to a prior or current history of cancer, previous DVT,
the use of PICC line for total parenteral nutrition, the use of
alteplase, and other medications such as aspirin, warfarin,
heparin, and enoxaparin (Table 2).

Discussion

A major complication of PICC lines is UEDVT. In critically
ill patients, PICC lines are associated with a higher inci-
dence of UEDVT compared to CICs.!3 Thus, a better

understanding of the risk factors for PICC line—related
thrombosis is crucial to institute measures that will reduce
this complication. A better understanding of risk factors also
has the potential to inform health care providers about the
choice of CIC vs PICC for a specific critically ill patient.
Several risk factors are linked to catheter-associated DVT
such as a diagnosis of cancer in the last 6 months,'”'® cath-
eter diameter,'® a history of warfarin use, prior history of
PICC-related venous thrombosis® or DVT,'%?° a high BMI,’
catheter tip location in proximal one-third of the distal supe-
rior vena cava (SVC),?' insertion site for PICC placement
(cephalic, basilic, or brachial),?? and the agents infused in
the PICC line, including chemotherapy? or amphotericin, "
and we identified a substantially higher proportion of
females among the DVT group, suggesting female sex to be
associated with PICC line-related DVT, which was not
demonstrated as a risk factor in prior studies.!”

Our study showed a substantially higher incidence of
PICC-related DVT in females. The potential explanations
for this finding may include a hormonal mechanism, but this
alone is not likely as the overall incidence of DVT in criti-
cally ill ICU patients is not different in males and females.
An alternate explanation of the increased incidence in PICC-
related thrombosis in females may be a smaller venous diam-
eter in females relative to the size of the catheter, which leads
to significantly lower blood flow and thus a higher incidence
of thrombosis. This hypothesis is in line with our findings
that catheter diameter matters, as discussed below. Sex as a
major risk factor should be evaluated systematically in larger
prospectively enrolled cohorts. If confirmed, this finding
could have a major impact on the clinical practice and use of
PICC in critically ill ICU patients.

Similar to previous studies, we identify the external catheter
diameter as a risk factor for the development of thrombosis.®?+?>
In this study, a catheter diameter of 5F was associated with a
higher incidence of thrombosis. A larger diameter catheter could
occlude or decrease blood flow in the smaller peripheral vein
resulting in venous stasis. Venous stasis is a well-established
mechanism that contributes to clot formation. Another potential
mechanism for why larger and stiffer catheters could be associ-
ated with more venous thrombosis is the potential to cause more
endothelial damage and dysfunction, which is also one of the
risk factors in the Virchow’s triad for venous thrombosis.?
Moreover, if PICC lines are placed in patients prone to moving
their upper extremities, PICCs may cause more intimal injury
due to repeated mechanical stress, resulting in venous
thrombosis.?’

In our study, besides a larger catheter size, the number of
lumens in the PICC line was also associated with more fre-
quent DVT. Multi-lumen PICC lines are attractive for the
critically ill ICU population as there is a need for the infu-
sion of multiple antibiotics, pressors, sedatives, and other
medications. However, with a larger number of lumens in
the PICC line, the size of the individual lumen is smaller,
which might contribute overall lower flow at the tip of
the catheter and thus possible stasis that could initiate
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thrombosis. The exact explanation or mechanism for this
association remains to be established. However, it does not
appear to be related to the size of the catheter as the outer
diameter of the catheter was often the same in both double
and triple lumen catheters. We also identified an increased
incidence of thrombosis with open PICCs that do not have a
valve, although a recent study showed no difference in the
occlusion rates between open and valved PICC lines.?® This
observation could be related to the characteristic of the
valve in the catheter, and improvements in valve design and
antithrombotic coating in some catheters may influence the
risk of thrombosis. A trend to use polyurethane catheters
rather than silicone or other material could also impact the
thrombotic potential. A larger sample size would be needed
to validate our observation.

We acknowledge that in retrospective analysis, such as
this study, a selection bias cannot be excluded. Given that
asymptomatic cases might have been missed due to the lack
of routine ultrasound screening, our study conclusions are
only applicable to critically ill ICU cases with symptomatic
DVT. However, symptomatic thrombosis is more likely to be
clinically significant. We were unable to retrospectively
obtain other data that may be collected prospectively to test
alternative hypotheses. Furthermore, there is a possibility of
a type 1 error, that is, rejection of a true null hypothesis,
given the relatively small sample size in our study.
Nonetheless, our study has important findings that, if vali-
dated in a larger cohort, would impact the care of critically ill
ICU patients and warrant further investigations.

Conclusion

Our study suggests that the size and number of lumens
increase the risk of thrombosis and that females have a
higher risk. The clinical implication of these findings is that
the incidence of PICC-related thrombosis in critically ill
patients could be reduced by a conservative use of PICC line
catheters in females and patients with small veins and by
using smaller bore, and fewer lumen catheters when there is
a need for PICC line use in critically ill patients. The use of
ultrasonography to best match the size of the PICC to the
size of an individual’s veins offers promise, given an increas-
ing availability of portable ultrasonography and a recent
report that measurement of the catheter to vein ratio has the
potential to decrease DVT in the ICU setting.?” The findings
of this small study will require confirmation in a larger pro-
spective study.
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