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PURPOSE: The objective of this study was to evaluate and compare the relative durability and complications between
the proximal valve polyurethane and distal valve silicone peripherally inserted central catheters (PICCs).

METHODS: Institutional review board approval was obtained. A total of 326 patients (mean age, 50.4 years) was
assigned randomly to receive either a proximal valve polyurethane PICC (n � 198) or a distal valve silicone Groshong
PICC (n � 194). All PICCs were inserted under radiologic guidance by interventional radiologists. Follow-up data
were collected until catheter removal because of complications or treatment completion.

RESULTS: The mean catheter dwell time was 25.6 days (range, 1–245 days). Complications were encountered in 26.8%
and 47.9% of the proximal valve polyurethane PICCs and distal valve silicone PICCs, respectively (P < .001).
Significantly higher incidences of phlebitis (23.2% versus 11.6%, P � .003) and catheter-related infection (6.2% versus
2%, P � 0.043) were noted in the distal valve silicone PICCs. No significant differences in the incidence of catheter
occlusion, fracture, or dislodgement were found. Multivariate logistic regression analysis showed a higher compli-
cation rate in the distal valve silicone PICCs corrected for patients’ age, sex, underlying morbidity, indication,
peripheral vein accessed, arm used, catheter tip placement, and the number of venepunctures attempted.

CONCLUSIONS: Proximal valve polyurethane PICCs were more durable than distal valve silicone PICCs, which were
associated with a higher incidence of phlebitis and infection, probably related to the materials of the catheters and the
designs and placements of the catheter valves.
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Abbreviations: DVSP � distal valve silicone PICCs, PICCs � peripherally inserted central catheter, CRBSI � catheter-related bloodstream infection
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German physician, through the left an-
tecubital vein into his own heart in
1929 (1). However, it was not until
silicone elastomer catheters were de-
veloped in the 1960s that PICCs began
to be used widely (2). Over the last few
decades, PICCs have been recognized
gradually as a well-established way of
providing reliable venous access, an
essential element of modern health
care (3–5). Because of their markedly
superior efficacy over peripheral ve-
nous cannulas, PICCs are used exten-
sively for patients needing intermedi-
ate to long-term peripheral venous
access, particularly for prolonged an-
tibiotic therapy (3).

Nevertheless, complications of PICCs

and their subsequent implications con-
tinue to be significant issues. Various
studies found that only 51%–69% of
these catheters remained in use until
successful completion of therapy (6–9).
Notably, upper extremity venous throm-
bosis associated with PICCs was de-
tected in up to approximately 40% of
cases, the majority of which were com-
plete occlusive thrombi (10,11). Valved
PICCs were introduced and a signifi-
cantly lower incidence of complications
was found when compared with the
open-ended catheters (12–14). However,
evidence regarding the relative efficacy
and complications between the proximal
valve and distal valve PICCs was less con-
clusive (15).

We designed a prospective, ran-

domized trial comparing PICCs with
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two distinctively different designs and
materials: the proximal valve polyure-
thane PICCs (Vaxcel with PASV tech-
nology; Boston Scientific Corporation,
Natick, Massachusetts) versus the dis-
tal valve silicone PICCs (Groshong,
Groshong Peripherally Inserted Cen-
tral Venous Catheter set; Bard, Salt
Lake City, Utah). The objectives were
to evaluate and compare the relative
durability and complications between
these two catheter groups as well as to
assess if any patient- or procedure-re-
lated factors were associated with the
complications.

MATERIALS AND METHODS

Subjects

Institutional review board approval
was obtained for this prospective, ran-
domized trial. Over a 20-month period
between August 2005 and April 2007,
393 patients were recruited. All pa-
tients gave written informed consent
for the trial. The 500 PICC insertions
that were to be performed (250 for
each of the two catheter groups) were
randomized with the help of a statis-
tician. Five hundred sealed envelopes
labeled with consecutive numbers
were prepared, each containing a
name of the PICC to be used per the
randomized list. An envelope was
opened by an intervention nurse in
consecutive order just before each pro-
cedure, and the corresponding PICC
was inserted for that particular pa-
tient.

The 393 patients received a total of
459 PICC insertions. Proximal valve
polyurethane PICCs were inserted on
228 occasions and distal valve silicone
PICCs on 231 occasions. Sixty-seven
patients, each receiving one PICC,
were excluded from the study because
of (i) death from underlying morbidity
while the catheters were in situ (n �
38), (ii) no follow-up data due to trans-
fer to other institutions (n � 21), and
(iii) self-request of removal of cathe-
ters and discharge against medical ad-
vice (n � 8).

The final study group thus com-
prised 326 patients with a mean age of
50.4 years (Table 1). A total of 392
PICC insertions were performed in
these patients. A patient with prior
catheter insertion who received a new
catheter again during the study period

was considered as a new patient for
the study. Two hundred eighty-six pa-
tients had one PICC insertion each, 34
patients had two, six patients had
three, and five patients had four.

Catheters

In this trial, we compared the proximal
valve polyurethane Vaxcel PICC® with
Pressure Activated Safety Valve (PASV)
with the distal valve silicone Groshong
PICCs.

Both catheters were 4 F in diameter
and 60 cm in length, with 17-gauge
and 18-gauge lumens for the proximal
valve polyurethane and distal valve
silicone PICCs, respectively.

In addition to the catheter materials,
the critical differences between the two
catheters were the designs and place-
ments of the catheter valves. The proxi-
mal valve polyurethane (Vaxcel) PICCs
had the patented PASV built proxi-
mally within the hubs. The distal
valve silicone (Groshong) PICCs in-
corporated their patented Groshong
valves distally near the rounded,
closed catheter tips. Both were pres-
sure-sensitive valves that remained
closed when subjected to normal cen-
tral venous pressure. When positive
pressure was applied into the cathe-
ters, the valves would open to allow
infusion. With negative pressure, the
valves would open the other way, al-

Table 1
Patient Demographics, Underlying Morb
PICC Insertion

Catheter PVPP

Number 198
Age (y)

Mean � SD 49.0 � 1
Range 18–8

Sex
Male 119 (60.
Female 79 (39.

Underlying morbidity
Infection 159 (80.
Neoplasm 37 (18.
Other* 2 (0.0

Indications for PICCs
Antibiotic 159 (80.
Chemotherapy 34 (17.
TPN 5 (2.5
Fresh Frozen Plasma 0

Note.—DVSP � distal valve slicone PICC
PICC; TPN � total parentheral nutrition.
within each catheter group.
*Includes bowel obstruction (n � 3), panc
lowing aspiration.
PICC Insertion Procedure

All the PICCs were inserted by
interventional radiologists in the an-
giography suite under radiologic
guidance (16). The patient was posi-
tioned with the arm extended and ab-
ducted at 90° or as tolerated. The arm
was cleaned and draped with a tour-
niquet applied over the upper arm.
Under direct sonographic guidance, a
suitable vein in the mid arm was iden-
tified and entered using a 22-gauge
venous cannula after subcutaneous
administration of 1% lidocaine for lo-
cal anesthesia (17). Venograms were
not routinely performed. A 0.018-inch
guide wire was then passed through
the cannula into the vein, and the can-
nula was exchanged for a 4.5 F peel-
away sheath. With a proximal valve
catheter, the guide wire was advanced
under fluoroscopic screening until
the tip was located in the region of the
superior cavoatrial junction, and the
distance to the venepuncture site was
measured. The catheter was cut to the
appropriate length by trimming its
distal end and inserted through the
sheath. With a distal valve catheter,
the catheter was advanced through the
peel-away sheath under fluoroscopic
guidance until the tip was located in
the region of the superior cavoatrial
junction. The catheter was trimmed to

ity, and Primary Indications for

DVSP P Value

194
.09

51.9 � 17.9
18–89

.25
) 128 (66.0%)
) 66 (34.0%)

.06
) 139 (71.6%)
) 51 (26.2%)
) 4 (0.02%)

.07
) 139 (71.7%)
) 40 (20.6%)

14 (7.2%)
1 (0.5%)

VPP � proximal valve polyurethane
mbers in parentheses are percentages

titis (n � 1), and hepatic failure (n � 1).
id

5.8
4

1%
9%

3%
6%
1%

3%
2%
%)

; P
Nu
the appropriate length by cutting its
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proximal end, which was then con-
nected to the assembled hub.

The final position of the catheter tip
was confirmed and documented ra-
diographically (18). The sheath was
peeled away, and the catheter was su-
tured through the suture wing onto
the skin, close to the entry site. The
catheter was aspirated until adequate
blood return was noted and flushed
with 20 mL of normal saline to ensure
patency. The venepuncture site was
cleaned and covered with a clear ster-
ile dressing.

In a patient whose existing catheter
failed from an inflammatory or infec-
tive cause, a new PICC would be in-
serted through the contralateral arm.
In a patient whose existing PICC failed
from a noninflammatory or infective
cause, a new catheter was inserted
through a different vein of the same
arm or through a vein in the opposite
arm.

The catheter care was in accordance
with the hospital nursing protocol and
as recommended by the manufactur-
ers. Blood draws through the PICCs
were allowed. The lines were flushed
thoroughly with 20 mL of normal sa-
line after each use or at least every 7
days. The dressings were changed af-
ter the first 24 hours and then at least
every 7 days or earlier if needed.

The procedural data collected were
the information on the arm used, pe-
ripheral vein accessed, catheter tip po-
sition, number of attempts required,
and any procedural complications,
such as resistance encountered during
catheter placement and hematoma at
the site of venepuncture (Table 2).

Follow-up

The catheter maintenance was per-
formed by the ward nurses for the in-
patients and the oncology or antibiotic
clinic nurses for the outpatients. The
catheter status, with or without any
complications, was documented daily
or at each visit to the clinic by the
nurses. The follow-up parameters re-
corded were the date and reasons for
catheter removal.

A PICC was considered a success
when it was removed only after com-
pletion of the patient’s therapy, for
which the catheter was inserted.

Phlebitis was diagnosed if ery-
thema or induration, warmth, pain, or

tenderness existed around the catheter
exit site (19). Exit-site infection was
diagnosed when erythema, indura-
tion, or tenderness was noted around
the catheter exit site, associated with
other signs and symptoms of infection,
such as fever or pus emerging from
the exit site, with or without concom-
itant bloodstream infection (19). Def-
inite catheter-related bloodstream in-
fection (CRBSI) was defined as isola-
tion of the same organism (identical
species and antibiogram) from the
catheter segment and the peripheral
blood culture in a patient with clinical
symptoms of bloodstream infection
and no other apparent source of infec-
tion (20). Probable CRBSI was defined
as positive culture either from catheter
segment or peripheral blood in a pa-
tient with clinical symptoms of blood-
stream infection and no other appar-
ent source of infection, defervescence
within 48 hours of catheter removal,
and initiation of appropriate antibiotic
therapy (20).

A catheter was occluded when re-
sistance, which significantly compro-
mised the use of the catheter for infu-
sion of its assigned therapy, was
encountered. Inability to draw blood
through the catheter by itself was not

Table 2
Procedural Data

Catheter PVPP (n

Arm used
Right 161 (81
Left 37 (18

Vein accessed
Basilic 153 (77
Cephalic 23 (11
Venae commitantes 22 (11

Catheter tip placement
Cavoatrial junction 95 (48
Superior vena cava 74 (37
Right atrium 29 (14

Attempts
1 163 (82
2 25 (12
3 5 (2.5
4 2 (1.0
5 0
6 3 (1.5
Mean 1.29 �

Procedural complications
Resistance 5 (2.5
Hematoma 1 (0.5

Note.—PVPP � proximal valve polyureth
PICC.
considered as occlusion.
Statistical Analysis

Statistical analysis was performed
with commercially available software
(SPSS, version 16, SPSS, Chicago, Illi-
nois). Continuous variables were ex-
pressed as mean � standard deviation
or range when appropriate. The differ-
ences between the two catheter groups
for patient demographics, indication,
underlying morbidity, procedural data,
and outcome were investigated with �2

test for categorical variables and student
t test for continuous variables. Univari-
ate and multivariate logistic regres-
sion analyses were carried out to in-
vestigate the association of patient’s
age, sex, underlying morbidity, indica-
tion, arm used, peripheral vein ac-
cessed, catheter tip placement, num-
ber of venepuncture attempts, and the
type of catheter used with the inci-
dence of complications.

RESULTS

PICC insertions were successful in
all patients, with 94.9% of the vene-
punctures achieved with no more than
two attempts and 80.6% on first at-
tempts. Resistance was encountered

98) DVSP (n � 194) P Value

.57
) 162 (83.5%)
) 32 (16.5%)

.59
) 152 (78.3%)
) 17 (8.8%)
) 25 (12.9%)

.88
) 95 (49.0%)
) 74 (38.1%)
) 25 (12.9%)

.73
) 153 (78.9%)
) 31 (16.0%)

7 (3.6%)
2 (1.0%)

0
1 (0.5%)

4 1.29 � 1.02
.75

4 (2.1%)
1 (0.5%)

e PICC; DVSP � distal valve slicone
� 1

.3%

.7%

.3%

.6%

.1%

.0%

.4%

.6%

.3%

.7%
%)
%)

%)
1.0

%)
%)
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during catheter placements in nine pa-
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tients; these required the use of 0.018-
inch guide wires (Terumo, Somerset,
New Jersey) to negotiate stenotic or
partially occluded veins to reach the su-
perior vena cava. Hematoma developed
at the venepuncture sites in two patients
during the procedures (Table 2).

The most common underlying mor-
bidity and indication was infection re-
quiring long-term intravenous antibi-
otics, accounting for 76.0% of our total
study population (Table 1). There
were no statistically significant differ-
ences in the patient demographics, un-
derlying morbidity, and primary indi-
cation for insertion of PICCs between
the two catheter groups (Table 1).
Similarly, no significant differences in
the arm used, vein accessed, catheter
tip placement, number of attempts
required to gain venous access, and
procedural complication were noted
between the two catheter groups
(Table 2).

The mean catheter dwell time was
27.8 days (range, 2–245 days) for the
proximal valve polyurethane PICCs
and 23.3 days (range, 1–168 days) for
the distal valve silicone PICCs. The
total catheter days were 5,494 and
4,524 for the proximal valve polyure-
thane PICCs and the distal valve sili-
cone PICCs, respectively.

A statistically significant difference
in the total complication rate between
the proximal valve polyurethane PICCs
(26.8%) and the distal valve silicone
PICCs (47.9%) was found (P � .001)
(Table 3). The use of proximal valve
polyurethane PICCs was associated
with an absolute complication risk re-
duction of 21.1% or a relative compli-
cation risk reduction of 44.1% when
compared with the use of distal valve
silicone PICCs.

This difference was a result of sig-
nificantly higher incidence of phlebitis
(P � .003) and infection (P � .043)
associated with the distal valve sili-
cone PICCs (Table 3). Although the
incidences of catheter occlusion, frac-
ture, and dislodgement were also
more common in the distal valve sili-
cone PICCs, the difference was not sta-
tistically significant (Table 3).

A total of 16 cases of catheter-re-
lated infections (1.6 infections per
1,000 catheter days) were encountered,
four in the proximal valve polyure-
thane PICCs (0.7 infection per 1,000
catheter days) and 12 in the distal

valve silicone PICCs (2.7 infections per
1,000 catheter days). Seven cases of
definite CRBSI, with Klebsiella pneu-
moniae (n � 3), methicillin-resistant
Staphylococcus aureus (n � 2), Esche-
richia coli (n � 1), and coagulase-neg-
ative Staphylococcus (n � 1) were iso-
lated from the catheter tips and
peripheral blood cultures. Nine cases
of probable CRBSI were identified
with all the organisms, which in-
cluded Pseudomonas aeruginosa (n � 5),
Acinetobacter baumannii (n � 2), Pseudo-
monas aeruginosa plus methicillin-resis-
tant S aureus (n � 1), and A baumannii
plus coagulase-negative Staphylococcus
(n � 1), grown from the catheter tips
and none from the peripheral blood
cultures.

A univariate logistic regression
analysis of the data showed no statis-
tically significant association between
the incidence of complications and the
patient’s age, sex, underlying morbid-
ity, primary indication, arm used, vein
accessed, catheter tip placement, or
number of venepunctures attempted
(Table 4). The catheter type was the

Table 3
Completion of Therapy and Complicatio

Catheter PVPP (n

Completion of therapy 145 (7
Total complications 53 (2

Phlebitis 23 (1
Infection 4 (2

Exit site infection* 2 (1
Definite CRBSI 2 (1
Probable CRBSI 2 (1

Catheter occlusion 19 (9
Catheter fracture/leakage 2 (1
Catheter dislodgement 5 (2

*All the six cases of exit site infection had

Table 4
Univariate Logistic Regression Analysis

Variable Odds

Age 1
Sex 1
Underlying morbidity 1
Primary indication 1
Arm used 0
Vein accessed 1
Catheter tip placement 0
Number of venepuncture attempt 1
Catheter 2
only variable in our study that showed
a significant correlation with the com-
plication rate (P � .001). Multivariate
regression analysis also showed that
distal valve silicone PICCs (DVSPs)
were associated with a significantly
higher complication rate corrected for
all other factors.

DISCUSSION

Our study found a significant dif-
ference in the complication rates be-
tween the two catheter types. The
DVSPs were associated with a signif-
icantly higher incidence of complica-
tions, particularly phlebitis and cath-
eter-related infection.

The two catheter groups that were
compared in this study differed pri-
marily in the designs and locations of
the valves as well as the materials
from which they were made.

One hypothesis of the advantage of
placing the catheter valves proximally
in the hubs rather than distally at the
catheter tips was that the valves
would not be in direct contact with the

198) DVSP (n � 194) P Value

%) 101 (52.1%) �.001
%) 93 (47.9%) �.001
%) 45 (23.2%) .003
) 12 (6.2%) .043
) 4 (2.1%)
) 5 (2.6%)
) 7 (3.6%)
) 23 (11.9%) .516
) 7 (3.6%) .102
) 6 (3.1%) .769

ncomitant blood stream infection.

Complications

tio 95% Confidence interval P Value

0.99–1.02 .31
0.68–1.60 .83
0.77–1.82 .42
0.89–1.81 .18
0.43–1.23 .24
0.86–1.55 .35
0.75–1.11 .54
0.98–1.51 .15
1.61–3.80 �.001
ns

�

3.2
6.8
1.6
.0%
.0%
.0%
.0%
.6%
.0%
.5%
for

Ra

.01

.05

.19

.27

.73

.15

.93

.22
bloodstream. As a result, the valves
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would not be affected by platelet ag-
gregation or fibrin formation that
might lead to their malfunctions and
subsequent catheter occlusions. Our
study found no significant difference
in the occlusion rate between the two
PICC groups (P � .516). However, as
the lumen size (18-gauge) favored the
distal valve silicone PICCs, the actual
benefit of the 17-gauge proximal valve
polyurethane PICCs in reducing oc-
clusion might be underrepresented.

Our study found a relatively lower
incidence of catheter fracture (2.3%)
and catheter dislodgement (2.8%)
when compared with a similar study
evaluating proximal valve against dis-
tal valve PICCs, which showed 28.0%
and 5.0% catheter fracture rates and
dislodgement rates, respectively (15).
We observed from previous experi-
ence (unpublished data) that leaving
excessive and redundant catheter
length external to the skin entry sites
frequently resulted in catheter kinking
and fractures as well as accidental dis-
lodgements. We therefore sutured all
our PICCs with the suture wings fixed
fairly close to the skin entry sites. This
might explain our relatively lower in-
cidence of catheter fractures and dis-
lodgements. A significantly higher
rate of catheter fracture was noted by
Hoffer et al (15) in the distal valve
PICCs. Although we found more frac-
tures in our distal valve silicone
PICCs, the difference was not statisti-
cally significant (P � .102), largely be-
cause of an overall low incidence (Ta-
ble 3).

Phlebitis (P � .003) and to a lesser
extent, catheter-related infections (P �
.043) were found in our study to be
significantly more common in the dis-
tal valve silicone PICCs. To assemble
the hubs of the distal valve silicone
PICCs, extra catheter length external
to the skin entry site was needed when
compared with the proximal valve
polyurethane PICCs. The extra cathe-
ter length resulted in more movement
of the redundant catheters at the skin
entry sites, particularly during han-
dling of the catheters and changing of
the dressings. This was noted by Maz-
zola et al (21) as a significant predis-
posing factor in the development of
phlebitis. An in vivo study by Sherertz
et al (22) found that silicone catheters
had a greater risk of grossly apparent
infection and harbored a larger number of

organisms by quantitative culture than
catheters made of other materials, in-
cluding polyurethane. Similar findings,
with regard to the adherence of S aureus
to silicone and to polyurethane cathe-
ters, were noted by Balaban et al (23).

Our overall rate of phlebitis (17.3%)
was higher when compared with sev-
eral previous studies (12,15,24). How-
ever, the previous studies had stricter
criteria for the definition of phlebitis,
which was diagnosed if there was
clinically palpable cord along the
vein or positive sonographic evalua-
tion (12,15). A study by Chlebicki et
al (7), which used the same definition
for phlebitis as our study, showed a
similar rate of 21.3% for phlebitis. The
tips of all the 68 PICCs removed be-
cause of underlying phlebitis in our
study were sent for culture, and all
results were negative.

Our catheter-related infection rate of
1.6 per 1,000 catheter-days was very
comparable to the mean overall pooled
rate of 2.1 PICC-related bloodstream in-
fections per 1,000 catheter-days reported
in the literature (25,26).

A few studies showed a higher
complication rate in PICCs used for
total parenteral nutrition (TPN) (4,9,27).
However, we found no significant as-
sociation between the incidence of
complications and the infusates used
(P � .18), although the number of
catheters used for TPN was relatively
small (Table 4).

No significant difference was noted
in the occlusion rates between the two
catheter groups (P � .516). Declotting
of occluded PICCs was not performed,
as we were uncertain of its cost effec-
tiveness in the setting of our center. In
addition, the cost of delay in patients’
therapies during the declotting proce-
dure could not be quantified, particu-
larly for the majority of our patients
who relied on uninterrupted adminis-
tration of antibiotics to reach effective
blood-antibiotic levels for their under-
lying infections (15). All PICCs
deemed occluded in our center were
removed and replaced.

In contrast to most of the other
studies on PICCs, we excluded all our
patients from our final data analysis
who died with the catheters in situ,
because the eventual outcomes of
these catheters could not be ascer-
tained per our definitions. We also in-
cluded catheter dislodgement as one
of our complications when most stud-

ies excluded it.
There were certain limitations to
our study. The radiologists who per-
formed the PICC insertions could not
be blinded to the type of PICC used
because of the different appearances
of the PICCs. Second, operator-in-
duced (radiologists and catheter
nurses) bias could not be eliminated
because of the large number of pa-
tients recruited for this study. By ran-
domizing a relatively large study pop-
ulation, standardizing the insertion
procedure and catheter care, and ad-
hering to objective definitions of the
complications and study endpoints,
we aimed to minimize any potential
bias.

Our prospective, randomized study
found that the proximal valve poly-
urethane PICCs were more durable
than the distal valve silicone PICCs,
with a significantly lower incidence of
complications, particularly phlebitis
and catheter-related infections.
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