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Abstract Purpose: Using Vir-
chow’s triad as a framework, we
sought to identify risk factors inde-
pendently associated with
symptomatic peripherally inserted
central venous catheter (PICC)-rela-
ted large vein thrombosis (PRLVT) in
neurological intensive care patients.
Methods: A retrospective cohort
study and detailed chart review were
performed for 431 consecutive PICCs
placed in patients admitted to our
neurological intensive care unit
between March 2008 and February
2010. Variables theorized to poten-
tially increase the risk of PRLVT
were abstracted from the medical
record. Each variable was then tested
for its independent association with
PRLVT. Results: During the study
period, 431 PICCs were placed with
an incidence rate for symptomatic
thrombosis of 8.4%. In adjusted
analysis, catheter placement in a
paretic arm (OR, 9.85; 95% CI,
4.42–21.95), surgery longer than 1 h
during dwell time of the catheter (OR,
3.26; 95% CI, 1.48–7.17), a history of

venous thromboembolism (OR, 6.66;
95% CI, 2.38–18.62), and mannitol
use (OR, 3.27; 95% CI 1.27–8.43)
were independently associated with
the development of thrombosis.
Conclusions: Alterations in blood
flow and consistency, but not vessel
injury, appear associated with symp-
tomatic thrombosis following
placement of PICCs in neurological
intensive care patients. Mannitol use
and placement in a paretic arm are
potentially modifiable risk factors.
Given the high incidence rate of
symptomatic thrombosis, future
studies should focus on comparing
cumulative complications of centrally
inserted venous catheters and PICCs
in intensive care patients.
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Introduction

Central venous access is indicated for a wide variety of
reasons in intensive care patients. Traditionally, this has
been achieved through centrally inserted central venous
catheters (CICVCs); however, peripherally inserted cen-
tral venous catheters (PICCs) are being increasingly
utilized because of the ease of insertion and a lower rate

of insertion-related mechanical complications [1]. While
there are certainly fewer insertion-related complications
with PICCs, there is no convincing evidence that cumu-
lative complication rates are reduced with PICCs. The
most significant concern is PICC-related large vein
thrombosis (PRLVT), especially in intensive care
patients. Studies have reported symptomatic PRLVT in
up to 20% of patients, with asymptomatic PRLVT being
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reported in as many as 50% of patients [1–9]. Though
studies have evaluated all hospitalized patients or patients
following discharge from the ICU, there have been no
studies completed evaluating the incidence rate of
PRLVT or attempting to identify independent risk factors
for PRLVT in intensive care patients [3, 10]. One pro-
spective study in ICU patients was halted early because of
an unacceptably high rate of thrombosis [9].

Complications of PRLVT thrombosis include pain and
swelling, compromised future venous access, late post-
thrombotic syndrome, and venous thromboembolism
(VTE) including pulmonary embolism [11–13]. One
subpopulation of intensive care patients where VTE is
particularly worrisome is neurological intensive care
patients, as these patients often have compelling contra-
indications to systemic anticoagulation. Due to these
contraindications, VTE carries significant risk of mor-
bidity and mortality [14–20].

Based on the current literature, risk factors for devel-
opment of PRLVT are not well understood. Identification
of modifiable risk factors for PRLVT would offer oppor-
tunities to decrease thrombosis and improve outcomes. We
hypothesized that increased expression of Virchow’s triad
would increase the risk of developing a PRLVT. Accord-
ingly, we sought to identify risk factors related to
alterations in blood flow, blood consistency, or vessel
injury that were independently associated with symptom-
atic PRLVT in neurological intensive care patients.

Methods

Study design

This cohort study was approved by the University of
Michigan Institutional Review Board, and data were
obtained by retrospective chart review. Information tech-
nology personnel designed and implemented a search
paradigm to query information systems to identify all
patients admitted to the neurological intensive care unit
(ICU) from March 2008 through February 2010. This
patient list was cross-referenced with the electronic order
entry system to identify all patients who underwent PICC
insertion during their ICU stay. All patients underwent
preliminary chart review to ensure a PICC had been placed.
A PICC ‘‘line’’ was defined similar to other studies in which
any catheter exchanged or replaced within 24 h in the same
arm was counted as one line of continuous duration [9].

Symptomatic

PRLVT was determined by reviewing the duplex ultra-
sound reports for every patient who had a PICC line
placed. Symptomatic PRLVT was defined as an event

that prompted duplex ultrasonography of the ipsilateral
extremity in which an acute, proximal large vein
thrombosis was confirmed in association with the PICC
or within 5 days of PICC removal. In patients with a
history of ipsilateral upper extremity deep venous
thrombosis, new symptoms must have prompted the
duplex ultrasound and acute thrombosis must have been
confirmed. All patients with suspected PRLVT were
evaluated using duplex ultrasonography per our ICU
protocol, and no patients were treated presumptively
without confirmation. All venous duplex ultrasonography
studies were interpreted by board-certified radiologists as
part of clinical care. Ultrasounds were not re-interpreted
as part of this study. Deep venous thrombosis was
defined as thrombosis of the brachial, axillary, or sub-
clavian vein, and extensive clots were defined as clots in
or proximal to the axillary vein. Similar to other studies,
the basilic and cephalic veins above the elbow were
considered large veins involved in symptomatic
thrombosis

PICC insertion and maintenance

Data on line placement and maintenance are provided in
the Electronic Supplemental Material (ESM)-1.

Outcome of interest

The primary outcome was the occurrence of a symp-
tomatic PRLVT.

Explanatory variables

Based on previous literature or pathophysiology, we
chose to investigate the following: (1) risk factors asso-
ciated with altered blood flow: catheter diameter,
congestive heart failure, placement in a paretic arm
(defined as B2/5 Medical Research Council strength for
longer than 48 h), and any surgery lasting longer than 1 h
during dwell time of the line (detailed chart review was
utilized rather than procedural codes to ensure surgery
occurred during the dwell time of the line); (2) risk factors
for abnormal blood consistency: hypercoagulable state
(hereditary thrombophilias or acquired prothrombotic
states), previous VTE, cancer, and the use of VTE pro-
phylaxis; and (3) risk factors for vessel injury: number of
attempts (all punctures where the wire was advanced, all
exchanges, or advances), number of manipulations (pull-
backs), and catheter duration. Definitions of hypercoag-
ulable states and other variables of interest are detailed in
ESM-2.
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Statistical analysis

Statistical analysis was performed using commercially
available software (SPSS version 18, IBM Corporation,
Somers, NY). We include only the first PICC line
placement for any individual patient in our analysis. The
assumption was made that repeated observations and
outcomes in the same patient would correlate, and ran-
domly choosing or selecting subsequent PICC line
placements would violate the independent group
assumption. Variables were screened for normality using
normality plots and the Shapiro-Wilks test. Quantitative
data with normal distributions were expressed as
mean ± standard deviation, and data not meeting the
normality assumption were expressed as medians and
interquartile ranges. Univariate comparison of continu-
ous variables with a normal distribution was assessed
using two-sample t tests, and continuous variables not
meeting the normality assumption were assessed using
the Mann-Whitney U test. All categorical data were
assessed by chi-square test or Fisher’s exact test, as
appropriate. For univariate analysis, PRLVT was
expressed as a dichotomous outcome (yes/no). Incidence
rate of PRLVT was expressed per catheter days and per
line.

Logistic regression was used to test bivariate and
multivariate associations between our variables of
interest and the dichotomous outcome of PRLVT. Age
and duration of use were treated as continuous variables.
Catheter insertion side (left vs. right), catheter loca-
tion (brachial/cephalic vs. basilic), catheter diameter (6F
vs. 5F), attempts ([1 vs. 1), manipulations (C1 vs. 0),
and all other variables were treated as categorical
variables.

Multivariate logistic regression was used to assess
independent association between our variables of interest
and the development of thrombosis. In our primary
model, we planned to adjust for any confounding vari-
ables not in the causal pathway with a significant
bivariate association with thrombosis (p \ 0.05). Given
the limited number of outcomes, we planned only to
correct for variables with the strongest bivariate associ-
ation with thrombosis. However, since controversy exists
in the literature with regard to the risk factors for
PRLVT, we planned a priori to adjust for all explana-
tory variables and any exploratory variables of interest
with a bivariate association with thrombosis in alterna-
tive models adjusting for confounders with the
strongest bivariate association with thrombosis. Due
to the low number of patients with a prothrombotic state
or not receiving subcutaneous heparin for VTE pro-
phylaxis, these variables were not included in our
analysis. A p value \0.05 was considered statistically
significant.

Results

Baseline characteristics

During the study period, a total of 501 PICCs were placed in
the neurological ICU; however, this number was reduced to
431 ‘‘unique’’ PICC line placements after adjusting for
lines that were immediately replaced in the same arm after
inadvertent removal and after excluding subsequent lines in
a single patient. The incidence rate of symptomatic PRLVT
was 8.4% of PICC lines and 5.5 PRLVTs per 1,000 catheter
days. Baseline demographics between those who devel-
oped a PRLVT and those who did not can be seen in
Table 1. Results of descriptive and univariate analysis of
procedure-related variables can be seen in Table 2. Of the
identified PRLVTs in this study, 70% were deep venous
thromboses and 64% were extensive. Data on surgical
procedures are provided in ESM-3.

Explanatory variables associated with altered blood
flow

Placement in a paretic arm [odds ratio (OR), 7.57; 95%
confidence interval (CI), 3.70–15.48], surgery longer than
1 h (OR, 3.01; 95% CI, 1.50–6.06), and a history of con-
gestive heart failure (OR, 2.62; 95% CI, 1.01–6.83) were
associated with the occurrence of a PRLVT. In adjusted
analysis, PICC placement in a paretic arm (OR, 9.85; 95%
CI, 4.42–21.95) and surgery longer than 1 h during dwell
time of the catheter (OR, 3.26; 95% CI, 1.48–7.17) were
independently associated with development of a PRLVT
(Table 3). Catheter diameter (6F vs. 5F) was not associated
with occurrence of a PRLVT in bivariate (OR, 1.54; 95%
CI, 0.74–3.23) or multivariate (OR, 1.005; 95% CI,
0.448–2.225) models after adjusting for mannitol use,
placement in a paretic arm, or surgery longer than 1 h, nor
did it significantly modify the OR for these covariates.

Explanatory variables associated with altered blood
consistency

A history of VTE was associated with development of a
PRLVT (OR, 4.23; 95% CI, 1.75–10.24); however, a
history of cancer (OR, 0.98; 95% CI, 0.39–2.45) or
coagulopathy (OR, 0.57; 95% CI, 0.13–2.47) was not. In
adjusted analysis, a history of VTE remained indepen-
dently associated with development of a PRLVT (OR,
6.66; 95% CI, 2.38–18.62) (Table 3). A history of cancer
and coagulopathy were not significant in adjusted analy-
sis, and they did not significantly modify the OR of the
covariates of mannitol use, placement in a paretic arm, or
surgery longer than 1 h.
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Explanatory variables associated with vessel injury

The number of attempts (OR, 1.09; 95% CI, 0.53–2.24),
manipulations (OR, 0.88; 95% CI, 0.44–1.75), and

catheter duration (OR, 1.01; 95% CI, 0.98–1.03) were not
associated with PRLVT in bivariate analysis. The findings
remained unchanged in adjusted analysis and did not
significantly modify the OR of the covariates of mannitol

Table 2 Descriptive and univariate statistics for procedural details of peripherally inserted central venous catheter line placement in
critically ill neurological patients

Procedure-related variables Entire cohort (n = 431) No PRLVT (n = 395) PRLVT (n = 36) p value

Catheter insertion
Right 279 (65%) 256 (65%) 23 (64%) 0.912
Left 152 (35%) 139 (35%) 13 (36%)

Catheter insertion
Basilic 316 (73%) 289 (73%) 27 (75%) 0.483
Brachial 94 (22%) 88 (22%) 6 (17%)
Cephalic 21 (5%) 18 (5%) 3 (8%)

Catheter diameter
5 French 171 (40%) 160 (41%) 11 (31%) 0.243
6 French 260 (60%) 235 (59%) 25 (69%)

Catheter tip outside SVC 6 (1%) 6 (2%) 0 (0%) 1.000
Placed in a paretic arm 76 (18%) 56 (14%) 20 (56%) \0.001a

Attempts at placement (median, IQR) 1 (1) 1 (1) 1 (1) 0.832
Manipulations (median, IQR) 0 (1) 0 (1) 0 (1) 0.828
Lumens clotted 82 (19%) 75 (19%) 7 (19%) 0.947
Duration of use, days (median, IQR) 12 (16) 12 (15) 13 (15) 0.443

a Significant with p \ 0.05
IQR Interquartile range, PRLVT peripherally inserted central venous catheter-related large vein thrombosis, SVC superior vena cava

Table 1 Baseline demographics with descriptive and univariate statistics for critically ill neurological patients at risk for peripherally
inserted central venous catheter-related large vein thrombosis

Entire cohort
(n = 431)

No PRLVT
(n = 395)

PRLVT
(n = 36)

p value

Age, years (mean, SD) 55 (16) 55 (16) 56 (19) 0.792
Female sex 216 (50%) 204 (52%) 12 (33%) 0.035a

Ethnicity 0.241
Caucasian 365 (85%) 336 (85%) 29 (81%)
African American 35 (8%) 33 (8%) 2 (6%)
Other 31 (7%) 26 (7%) 5 (14%)

Tobacco abuse 119 (28%) 110 (28%) 9 (25%) 0.714
Obese (BMI [30 kg/m2) 133 (31%) 118 (30%) 15 (42%) 0.143
Prothrombotic state 20 (5%) 18 (5%) 2 (6%) 0.679
Coagulopathy 39 (9%) 37 (9%) 2 (6%) 0.759
Cancer 73 (17%) 67 (17%) 6 (17%) 0.964
Congestive heart failure 34 (8%) 28 (7%) 6 (17%) 0.041a

History of VTE 33 (8%) 25 (6%) 8 (22%) 0.001a

History of VTE in same arm 7 (2%) 5 (1%) 2 (6%) 0.109
Surgery longer than 1 h during

dwell time of PICC
99 (23%) 83 (21%) 16 (44%) 0.001a

Length of stay, days (median, IQR) 16 (14) 17 (13) 34 (16) \0.001a

Estrogen 3 (1%) 3 (1%) 0 (0%) 1.000
Aspirin 79 (18%) 74 (19%) 5 (14%) 0.653
Clopidogrel 14 (3%) 13 (3%) 1 (3%) 1.000
Hypertonic saline 104 (24%) 95 (24%) 9 (25%) 0.899
Mannitol 44 (10%) 35 (9%) 9 (25%) 0.002a

Vancomycin 188 (44%) 170 (43%) 18 (50%) 0.420
Statin 103 (24%) 90 (23%) 13 (36%) 0.073
DVT prophylaxis 413 (96%) 378 (96%) 35 (97%) 0.938

BMI body mass index, DVT deep venous thrombosis, IQR inter-
quartile range, PICC peripherally inserted central venous catheter,
PRLVT peripherally inserted central venous catheter-related

large vein thrombosis, SD standard deviation, VTE venous
thromboembolism
a Significant with p \ 0.05
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use, placement in a paretic arm, or surgery longer than
1 h.

Other variables of interest

In unadjusted analysis, male sex (OR, 2.14; 95% CI,
1.04–4.39) and mannitol use (OR, 3.43; 95% CI,
1.49–7.87) during dwell time of the PICC line were
associated with PRLVT. In adjusted analysis, mannitol
use remained independently associated with PRLVT (OR,
3.27; 95% CI, 1.27–8.43) (Table 3).

Discussion

We sought to identify clinical factors that increase the risk
of developing a PRLVT in neurological intensive care
patients. We hypothesized that increased expression of
components of Virchow’s triad—venous stasis, hyperco-
agulability, and vessel injury—would increase the risk of
developing a PRLVT. Our results support this hypothesis.

Of the factors hypothesized to increase venous stasis,
placement of the PICC line in a paretic arm and surgery
longer than 1 h during dwell time of the PICC were found
to be significantly associated with development of a
PRLVT in multivariate logistic regression analysis.
Despite the fact that no study has previously identified
PICC placement in a paretic arm as a risk factor, our
investigation found this to have the strongest association
with PRLVT. Our results corroborate the findings of
another recent study showing that surgery longer than 1 h
is a risk factor for PRLVT [3]. By using detailed chart
review and not relying on procedural codes, we were able
to ensure surgery was performed during dwell time of the
line and prior to the diagnosis of thrombosis. Given the
majority of our surgeries were neurosurgical or surgical
tracheostomies and that blood transfusions were only
required in only 6% of surgeries, our data are in line with
previous data suggesting that venous stasis associated

with prolonged paresis or anesthesia is a risk factor for
development of deep venous thrombosis.

Contrary to our hypothesis that increased diameter of
the catheter would create increased venous stasis and
ultimately increase PRLVT, we did not find that catheter
diameter had an independent association with PRLVT.
Several previous studies demonstrated an increased risk
of thrombosis as catheter diameter increased, but this has
not been consistently proven across all studies [3, 4, 21,
22]. One recent study showed that insertion of a 5F or 6F
catheter was a risk factor for developing symptomatic
PRLVT when compared to 4F catheters. In that study, no
difference was found between 5F and 6F catheters [3]. In
our study, all catheters were either 5F or 6F. Thus, our
study does not completely exclude the possibility that
increasing catheter diameter increases the risk of devel-
oping a PRLVT, but it does support previous data in that
there is likely no significant difference between the
commonly used 5F and 6F catheters. This, however, is
probably not a truly modifiable risk factor in intensive
care patients as these patients require larger catheters, and
single-lumen 4F catheters are rarely acceptable. Since we
do not routinely measure vessel-to-catheter ratio, which
may be a more reflective value than simply catheter size,
it remains to be proven that PRLVT may be reduced by
improved patient selection and catheter size.

Our data also supported the supposition that alterations
in blood consistency or coagulability are involved in
PRLVT. Consistent with previous studies, we found a
history of VTE to be a significant risk factor for devel-
oping a subsequent PRLVT. We also found mannitol
therapy to be a strong independent risk factor for devel-
opment of a PRLVT. We propose that this may be due to
dehydration from mannitol therapy ultimately resulting in
increased serum viscosity. This change in viscosity may
promote thrombosis, leading to the observed increase in
PRLVT. This risk factor has not been identified
previously.

Interestingly, none of the variables related to vessel
injury were associated with the development of a PRLVT.
Specifically, patients requiring more than one attempt at
catheter placement or requiring line manipulations, each
of which have the potential to cause more vessel damage,
did not appear to have higher odds of developing a
PRLVT. Similarly, increased duration of use was not
associated with development of a PRLVT in our cohort.
The median dwell time until diagnosis of PRLVT was
8 days in a unimodal distribution. These data are in line
with a recent cohort study of hospitalized patients, and
suggest that PICC lines are not injuring the endothelium
and causing dysfunction over time [3]. Mechanisms
involved with alteration of blood flow or consistency
early in the ICU stay seem to play a larger role in for-
mation of a PRLVT.

The significance of PRLVT and upper extremity deep
venous thrombosis in general has previously come into

Table 3 Multivariate logistic regression analysis associated with
36 cases of peripherally inserted central venous catheter-related
large vein thrombosis in 431 patients

Explanatory variables Odds ratio
(95% confidence
interval)

p value

History of surgery
longer than 1 h

3.259 (1.481–7.173) 0.003a

Mannitol use 3.272 (1.272–8.426) 0.014a

Placement in paretic arm 9.854 (4.423–21.952) \0.001a

History of venous
thromboembolism

6.659 (2.381–18.622) \0.001a

a Significant with p \ 0.05
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question [11, 12]. All thromboses detected in our cohort
were symptomatic as we did not perform routine duplex
ultrasonography during the study period. Additionally,
70% of the PRLVTs in our study were deep venous
thromboses and 64% were extensive. Upper extremity
deep venous thrombosis is reported to result in symp-
tomatic pulmonary embolus in approximately 9% of cases
and asymptomatic pulmonary embolus in up to 33% of
cases [11, 12]. No specific data are available regarding
catheter-associated thrombosis. In addition, no data exist
to compare the risk or significance of thrombosis between
CICVCs and PICCs.

The most significant limitation of our study is its ret-
rospective nature. However, a number of variables not
previously explored were examined, adding value to the
study. Recent prospective trials were limited in the vari-
ables examined or to examining only incidence rate of
PRLVT, and did not specifically address critically ill
patients who may have different risk factors and different
incidence rates of PRLVT compared to other patient
populations. Another limitation is that we could only
evaluate symptomatic PRLVT and surely missed a large
portion of asymptomatic thrombosis, which is reported to
occur more frequently than symptomatic thrombosis.
Finally, others have noted that suboptimal position of the
catheter tip is associated with thrombosis formation;
however, we were unable to assess this as it occurred so
infrequently in our cohort. Our findings suggest that a
prospective study is needed in this patient population to

determine the incidence rate of PRLVT, evaluate risk
factors for PRLVT, and compare outcomes against
CICVCs.

Conclusions

Our data suggest that increased expression of components
of Virchow’s triad increase the risk of developing a
symptomatic PRLVT. Specifically, in our study, surgery
longer than 1 h during dwell time of the PICC line,
placement of the PICC line in a paretic arm, mannitol
therapy, and history of a previous VTE all were signifi-
cantly associated with developing a PRLVT. As the use of
PICC lines continues to increase in intensive care
patients, a prospective, randomized trial is needed to
compare not only mechanical complications related to
insertion, but also cumulative complications between
PICCs and CICVCs. Novel, potentially modifiable risk
factors identified in this study include mannitol therapy
and placement in a paretic arm. While these findings
should be replicated in an independent, prospectively
followed cohort, it may be prudent to avoid these risk
factors in neurological intensive care patients whenever
possible.
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