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Abstract
The purpose of this study was to determine the incidence of
central vein stenosis and occlusion following upper extrem-
ity placement of peripherally inserted central venous cathe-
ters (PICCs) and venous ports. One hundred fifty-four
patients who underwent venography of the ipsilateral central
veins prior to initial and subsequent venous access device
insertion were retrospectively identified. All follow-up
venograms were interpreted at the time of catheter placement
by one interventional radiologist over a 5-year period and
compared to the findings on initial venography. For patients
with central vein abnormalities, hospital and home infusion
service records and radiology reports were reviewed to de-
termine catheter dwell time and potential alternative etiolo-
gies of central vein stenosis or occlusion. The effect of
catheter caliber and dwell time on development of central
vein abnormalities was evaluated. Venography performed
prior to initial catheter placement showed that 150 patients
had normal central veins. Three patients had central vein
stenosis, and one had central vein occlusion. Subsequent
venograms (n � 154) at the time of additional venous access
device placement demonstrated 8 patients with occlusions
and 10 with stenoses. Three of the 18 patients with abnormal
follow-up venograms were found to have potential alterna-
tive causes of central vein abnormalities. Excluding these 3
patients and the 4 patients with abnormal initial venograms,
a 7% incidence of central vein stenosis or occlusion was
found in patients with prior indwelling catheters and normal
initial venograms. Catheter caliber showed no effect on the
subsequent development of central vein abnormalities. Pa-
tients who developed new or worsened central vein stenosis
or occlusion had significantly (p � 0.03) longer catheter

dwell times than patients without central vein abnormalities.
New central vein stenosis or occlusion occurred in 7% of
patients following upper arm placement of venous access
devices. Patients with longer catheter dwell time were more
likely to develop central vein abnormalities. In order to
preserve vascular access for dialysis fistulae and grafts and
adhere to Dialysis Outcomes Quality Initiative guidelines,
alternative venous access sites should be considered for
patients with chronic renal insufficiency and end-stage renal
disease.
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The number of upper extremity peripherally inserted central
catheters (PICCs) and venous infusion ports placed by in-
terventional radiologists has grown substantially over the
past several years. In many institutions, these devices are
replacing neck or chest wall central venous catheters (CVC)
as the access of choice for intermediate and long-term intra-
venous therapy.

There are several reasons for the growing popularity of
these devices. Most importantly, peripherally inserted ve-
nous access devices (VAD) offer a safe, efficient, and cost-
effective alternative to surgically placed CVCs [1, 2]. They
not only provide reliable and convenient venous access for
in-hospital use, but for home therapy as well. VADs are ideal
for infusion of toxic, viscous, and irritating substances such
as chemotherapeutic agents, total parenteral nutrition, and
antibiotics, respectively. These devices are well tolerated by
patients and widely accepted throughout the medical com-
munity.

At our institution, we currently place, each year, approx-
imately 1,250 PICCs and 200 ports in the upper extremity
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mainly for protracted intravenous therapy. Because the
placement of these devices has become so common, we
evaluated patients with prior upper arm VADs by venogra-
phy to assess for subsequent development of central vein
abnormalities.

Materials and Methods
Our radiology department information system was searched for
patients who underwent upper extremity venography in conjunction
with placement of an upper arm PICC or venous port and subse-
quently had an ipsilateral venogram prior to additional VAD inser-
tion between July 1995 and May 2000. Only patients with
follow-up venograms interpreted by one experienced, CAQ-certi-
fied vascular-interventional radiologist (DJE) were selected. The
follow-up venograms were interpreted without prior knowledge of
the initial venogram findings. Patients were excluded from the
study if they had previous dialysis grafts, fistulae, or catheters on
the same side as the PICC or port (n � 14). Eighty-four men and
70 women met these criteria and were included in the study. Patient
ages ranged from 15 to 96 (mean 53) years. Our department
chairman obtained Institutional Review Board approval for all
retrospective studies requiring review of medical records.

All upper extremity VADs were placed under fluoroscopic
guidance using previously described techniques [3]. From July
1992 to September 1999, upper extremity venograms were rou-
tinely performed in all patients with peripheral intravenous access
prior to placement of upper arm VADs. Prior to 1993, venograms
were performed using iodinated contrast media. After 1993,
venograms were primarily performed using carbon dioxide [4–6].
Venography was performed by hand injecting contrast or carbon
dioxide through a peripheral intravenous line. Beginning in Sep-
tember 1999, venography was reserved for those patients who had
a prior central VAD or pacemaker inserted in the same arm or
ipsilateral hemithorax. Ultrasound guidance was used for patients
without peripheral intravenous access. Patients who had VADs
placed under ultrasound guidance were excluded from this study
since venography was not performed.

PICCs were placed in four patients who had central vein abnor-
malities present on initial venography. The three patients with
central vein stenosis presumably had a known or high likelihood of
having a contralateral central vein abnormality; hence, VAD place-
ment proceeded despite the venographic findings. Likewise, a pa-
tient with central superior vena cava (SVC) occlusion had limited
options for VAD placement. All VADs were inserted via the upper
arm brachial or basilic veins. The catheters were generally placed in
the nondominant arm to hopefully reduce morbidity in case a
symptomatic central vein stenosis or occlusion would develop.
Catheter tips were positioned in the central SVC or at the cavoatrial
junction. Because of the retrospective nature of this study, the
indications for VAD placement were not known for all patients.
However, indications were determined for a subset of patients with
normal venograms (n � 31) who were followed by our institution’s
home infusion service and for those who developed central vein
stenosis or occlusion.

The reports of initial and subsequent venograms were compared
to determine the development or progression of central vein steno-
ses or occlusions following VAD placement. The central veins were
defined as the axillary, subclavian, and brachiocephalic veins along
with the SVC. The upper arm veins were not evaluated because of

the variable venous opacification seen at this site, largely based on
the location of the peripheral intravenous access used to inject
iodinated contrast or carbon dioxide. The incidence of new or
progressive central vein abnormalities was compared to catheter
caliber and duration of catheter placement (dwell time).

Catheter dwell time could not be ascertained for all patients in
this retrospective study, since many were not treated through our
institution’s home infusion service. However, the average catheter
dwell time was calculated for a subset of patients with normal
venograms who were followed by our institution’s home infusion
service (n � 31), and complications were recorded. Medical
records, home infusion service records, and radiology reports were
reviewed for those patients who developed central vein stenosis and
occlusion to determine indications for catheter placement, catheter
dwell time, symptoms, and to assess for additional etiologies of
central vein abnormalities. Placement of other CVCs or transvenous
cardiac pacemakers and extrinsic causes of venous stenosis or
occlusion were noted. The Wilcoxon Two-Sample Test was used to
evaluate the impact of dwell time on subsequent development of
central vein stenosis or occlusion.

Table 1 summarizes the catheter caliber and devices placed in
these patients. PICCs were placed in 149 patients. Prior to Decem-
ber 1998, we routinely placed 4 Fr single lumen or 7 Fr double
lumen PICCs (Cook Inc., Bloomington, IN). After that date we
routinely placed 4 Fr single lumen or 6 Fr double lumen Vaxcel
PICCs (Boston Scientific, Natick, MA). An occasional 5 Fr single
lumen or double lumen PICC from either manufacturer was placed
based on product availability. For the 5 patients in this study who
underwent venous port placement, a 5.2F Mini Vital port (Cook)
was used. Fischer’s Exact Test was performed to assess significance
of catheter caliber on subsequent development of central vein
stenosis or occlusion.

Results
One hundred seven left (69%) and 47 right (31%) upper
extremity venograms were performed at the time of initial
VAD placement. Of these, 150 (97%) were interpreted as
normal, 3 (2%) revealed a central vein stenosis, and 1 (1%)
demonstrated central SVC occlusion, a widely patent periph-
eral SVC and a prominent azygous vein (Table 2). The
severity of the underlying central vein stenosis was not
delineated in the reports for patients 8 and 17 (Table 2), and
the images were not available for review.

The interval between initial venography and follow-up
venography ranged from 3 days to 54 months (mean 19.4
months). Follow-up venograms (n � 154) at the time of
subsequent VAD placement demonstrated abnormalities in

Table 1. Catheter size (French), number and percentages of catheters
placed

Catheter size (Fr) No. of catheters (%)

4 102 (66)
5 2 (1.3)
5.2* 5 (3.3)
6 7 (4.5)
7 38 (25)

*Venous ports
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18 patients. There were 8 central vein occlusions and 10
central vein stenoses (Table 2). Two patients with central
vein stenosis on initial venography progressed to occlusion.
Subsequent venography showed progression of a brachioce-
phalic vein stenosis from 40% to 90% in another patient.
One patient with central SVC occlusion on initial venogra-
phy developed occlusion of the peripheral SVC and right
brachiocephalic and subclavian veins. Four of the 38 (11%)
patients with 7 Fr PICCs and 14/102 (13%) patients with 4
Fr PICCs developed central vein stenosis or occlusion. None
of the 5 patients with ports developed central vein abnor-
malities.

Of the 18 patients who developed central vein abnormal-
ities, 13 were men and 5 were women (age range 38–76,
mean 57). Eight (44%) patients required PICC placement for
infection, 8 (44%) for neoplasm, and 2 (11%) for complica-
tions related to renal transplantation (Table 2). In the 31
patients (11 men, 20 women), ages 31–94, mean 52 who did
not develop central vein abnormalities following VAD
placement, 14 (45%) required PICC placement for infection,

12 (39%) for neoplasm, 2 (7%) for inflammatory bowel
disease, 1 (3%) for hemophilia, and 2 (7%) for cardiac
disease requiring multiple medications. The indications for
VAD placement were similar for both groups of patients.

Following review of patient records, 3 of the 18 patients
with abnormal follow-up venograms were found to have
potential alternative causes of central vein stenosis or occlu-
sion: 2 had temporary subclavian CVCs between the initial
and follow-up venograms and 1 had a transvenous cardiac
pacemaker placed via the axillary vein following removal of
the initial PICC. All 3 patients had normal initial venograms.
We cannot be certain whether the initial upper arm VAD or
these subsequent devices were the cause of the central vein
abnormalities. However, the ability to place these subse-
quent devices suggests that the central veins may have been
normal at the time of catheter or pacemaker placement.
Excluding these 3 patients with potential alternative causes
of central vein stenosis and the 4 patients with abnormal
initial venograms, the incidence of central vein stenosis or
occlusion was 7% (n � 11) in patients with normal

Table 2. Initial and follow-up venogram findings in 18 patients with central venous stenosis or occlusion

Pt. Age Catheter
size
(French)

Dwell time
(days)

Indication for VAD Initial venogram
findings

Follow-up venogram
findings

1 61 4 50 Renal failure post-renal
transplantation

Normal Severe stenosis BCV

2 38 7 424 Pneumonia Normal Occlusion
axillary/subclavian
veins

3 65 4 270 Lymphoma Normal* Moderate stenosis
subclavian vein

4 52 4 105 Lymphoma Normal Mild diffuse stenosis BCV
5 53 4 30 Crohn’s Occlusion central SVC/

patent peripheral
SVC

Occlusion SVC, BCV,
subclavian, axillary
veins

6 45 4 90 Tongue cancer Normal** Occlusion BCV,
subclavian vein

7 71 4 120 Unknown primary
malignancy

Normal** Moderate stenosis
subclavian vein

8 76 4 ? Wound infection BCV stenosis Occlusion BCV
9 48 4 168 Post-operative infection Normal Occlusion

axillary/subclavian
veins

10 45 7 37 Lymphoma Mild stenosis BCV Severe stenosis BCV
11 64 4 4 Decubitus ulcer Normal Moderate stenosis BCV
12 48 4 ? Infection post-renal

transplantation
Normal Occlusion

axillary/subclavian
veins

13 67 4 ? Post-operative infection Normal Mild stenosis BCV
14 42 7 270 Leukemia Normal Mild stenosis axillary vein
15 68 7 41 Pneumonia Normal Severe stenosis axillary

vein
16 76 4 424 Post-operative infection Normal Severe stenosis axillary/

subclavian veins
17 51 4 37 Esophageal carcinoma Diffuse narrowing

axillary/subclavian
vein

Occlusion
axillary/subclavian
veins

18 50 4 21 Esophageal carcinoma Normal Occlusion axillary vein

BCV � brachiocephalic vein; SVC � superior vena cava
*Transvenous pacer placed between initial and subsequent venogram
**Subclavian CVC placed between initial and subsequent venograms
Mild stenosis 40–59%; moderate stenosis 60–79%; severe stenosis 80% or greater
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venograms prior to VAD placement. Seven (4.8%) patients
developed central vein stenosis, and 4 (2.7%) patients de-
veloped central vein occlusion.

The catheter dwell time was determined for 15/18 (83%)
patients with central vein abnormalities on follow-up venog-
raphy (Table 2). Dwell times could not be determined for 3
patients who were not followed by our home infusion ser-
vice. For this group of patients, catheter dwell times ranged
from 4 to 424 days (mean 138, median 90, SD 143). The
catheter dwell time for 31 (23%) of the patients without
central vein abnormalities who were followed by our home
infusion service ranged from 6 to 568 days (mean 68, median
33, SD 115). Catheter dwell times were significantly longer
(p � 0.03) in patients who developed new or worsened
central vein abnormalties suggesting a positive correlation
between dwell time and subsequent development of central
vein stenosis or occlusion.

At the time of subsequent VAD placement, none of the
patients with central vein abnormalities had symptoms of
central vein obstruction.

Discussion
VAD complications most commonly reported include infec-
tion, catheter malfunction, inadvertent removal and venous
thrombosis [1, 9–13]. In previous studies, the incidence of
venous thrombosis following PICC or port placement has
been reported to be between approximately 3% and 38% [2,
9, 11]. The mechanism behind intravascular thrombosis is
best explained by Virchow’s theory of thrombotic pathogen-
esis, which postulates that intravascular thrombosis is caused
by endothelial damage due to local trauma or inflammation
of the vessel wall, stasis of blood flow and hypercoagulable
states. All three mechanisms of acute thrombus formation
may apply to indwelling intravenous catheters [14].

The outcome of acute thrombus will determine the lasting
effects these catheters have on the venous system. Complete
resolution of thrombus may leave the vein wall intact with-
out intimal injury. Partial lysis and recanalization of throm-
bus may result in a thickened vein wall and venous stenosis
[14]. Organization of thrombus may cause stenosis or
chronic venous occlusion. In the present study, we found a
7% incidence of new central vein stenosis or occlusion in
patients with prior indwelling peripheral VADs. In our
study, 2 patients with renal disease developed central vein
stenosis or occlusion due to VAD placement, precluding use
of that upper extremity for future dialysis access. This em-
phasizes the importance of avoiding use of upper extremity
veins in patients with end-stage renal disease (ESRD) or
chronic renal insufficiency (CRI) for VAD placement who
may be dependent on long-term venous access for hemodi-
alysis.

The National Kidney Foundation-Dialysis Outcome
Quality Initiative (NKF-DOQI) guidelines state that “hemo-
dialysis access failure is a major cause of morbidity” for

patients requiring hemodialysis [15]. With native fistulae
offering 4–5 year patency rates and synthetic grafts offering
at best 3–5 year patency rates [15], dialysis patients require
multiple venous accesses over the course of a lifetime.
NKF-DOQI venous access guideline #7 states that all “arm
veins suitable for placement of vascular access should be
preserved” and “should not be used for venipuncture or
intravenous catheters” [15]. This guideline should be fol-
lowed for all “patients with progressive kidney disease (cre-
atinine �3 mg/dL), and all patients with conditions likely
leading to ESRD” [15]. Failure to adhere to these guidelines
may preclude the placement of dialysis catheters, grafts and
native fistulae in current and future dialysis patients [16–18].

Ideally, central venous catheters should be avoided in
patients with ESRD and CRI, however impractical. These
patients commonly have multiple co-morbid conditions that
require frequent hospital admissions and reliable intravenous
access for various medications, along with catheter place-
ments for hemodialysis. An acceptable form of venous ac-
cess for this patient population is the insertion of tunneled
internal or external jugular catheters. Sasadeusz et al. [19]
recently reported placement of 43 tunneled PICCs in 34
patients with no reported symptoms of venous thrombosis
[19].

Although we found no relationship between catheter size
and venous abnormalities in the current study, which may be
due to the small number of patients who developed central
vein abnormalities, a report by Grove and Pevec [10] showed
a significant, linear relationship between catheter size and
venous thrombosis rates. The authors reported a 1%, 6.6%
and 9.8% venous thrombosis rate for 4-F, 5-F and 6-F
catheters placed in upper arm veins, respectively. They also
demonstrated that small-bore catheters are less likely to
cause intravascular thrombosis than larger catheters. In ad-
dition, studies have shown an increased thrombosis risk with
catheter tips located within the peripheral two-thirds of the
SVC [12, 20]. Therefore, catheter tips should be placed in
the central SVC or at the cavoatrial junction where blood
flow and vein diameter are the greatest [12, 20].

Catheter dwell times were significantly longer in patients
who developed new or worsened central vein abnormalities,
suggesting a positive correlation between dwell time and
subsequent development of central vein stenosis or occlu-
sion. However, due to the small sample size of patients who
developed central vein stenosis or occlusion, this finding
should be confirmed in larger prospective studies.

In summary, we found that patients with a normal central
venogram who undergo placement of a PICC or venous
infusion port in the upper arm have a 7% risk of developing
central vein stenosis or occlusion. Those who developed
central vein abnormalities were asymptomatic. When possi-
ble, peripheral VADs should be avoided in ESRD and CRI
patients in order to preserve arm veins for construction of
native fistulae or graft placement as hemodialysis access.
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