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Fig. 2—Graph shows primary hemodialysis catheter patency, in weeks (using Kaplan-Meier method of analysis),
for 91 patients who underwent stripping (solid line). Note patency for 35 patients with fibrin sheath shown by con-
trast injection of catheter (dashed line) and patency for 56 patients with clinically suspected fibrin sheath accu-

mulation but no attempted fibrin sheath demonstration with contrast injection (dotted line).

The median time between catheter inser-
tion and the first stripping was 90 days
(range, 6610 days; SD, +101 days). The
time that the catheter had been in situ before
stripping did not differ significantly between
groups 1 and 2 (group 1 mean, 80 days;
group 2 mean, 98 days; p = .80).

Ten patients subsequently developed cathe-
ter infections. The median time to infection af-
ter stripping was 47 days (range, 14-262 days;
mean, 98 days). None of these 10 catheters
failed before the end of follow-up. No catheters
were fractured as a result of stripping.

One patient died, because of cardiac arrest
and sepsis, during the follow-up period. This
death occurred 30 days after stripping.

The 35 patients in whom a fibrin sheath
was shown by contrast injection (group A)
had a median primary patency duration of 95
days (3 months). The remaining 56 patients,
in whom no fibrin sheath was shown (group
B), had a median primary patency duration
of 86 days (3 months). No statistically signif-
icant difference between the groups was
found (p = .70) (Fig. 2).

Discussion

Fibrin sheath formation is a common bio-
logic response to the presence of a long-term
catheter [5]. In 1971, Hoshal et al. [S] showed

1026

through an autopsy study that a fibrin sheath
had formed around most catheters by 5-7
days after insertion, most commonly at sites
of intimal damage including where catheters
touched vessel walls. Hemodialysis catheters
are particularly susceptible to the effects of fi-
brin sheath formation because any encroach-
ment on the catheter lumen by the fibrin
sheath can prevent the high flow rates required
for hemodialysis.

When adequate flow rates cannot be ob-
tained for hemodialysis, 5000 U of urokinase
is commonly instilled into each catheter lu-
men in the dialysis center [6, 11]. If the low-
dose urokinase proves ineffective, other
causes of catheter failure such as kinking,
malpositioning, infection, fibrin sheath for-
mation, or thrombus formation should be
considered [12-15].

Several studies have investigated stripping
as a method of restoring patency to hemodi-
alysis catheters and other tunneled catheters;
however, the reported techniques and results
differ significantly [8-10]. Our technical
success rate of stripping was 95.6%, which
compares favorably with previous reports of
79-98%. Our rate of technical success has
been favorable perhaps because we did not
include malpositioned or kinked catheters in
the study and also because we performed be-
tween five and 15 strippings during the pro-

cedure. In our study, the operator ended the
procedure subjectively when, after at least
five passes, no further resistance was felt as
the snare was passed over the catheter or
when, despite up to 15 passes, the sheath was
resistant to removal. Technical success and
technical failure were defined as new ability
or persistent inability to easily aspirate and
inject both catheter ports with a 60-ml sy-
ringe. Haskal et al. [9] reported a technical
success rate of 92% but stripped the catheters
between five and eight times and included
catheters that were kinked or malpositioned.
Rockal et al. [10] reported a technical suc-
cess rate of 79% but stripped the catheters
only three times during the procedure. Crain
et al. [8] reported a technical success rate of
98% but did not report the number of strip-
pings performed during each procedure.

In common with other investigators [9, 10],
we did not inject contrast material into all the
catheters in our study to confirm fibrin sheath
accumulation. Of the 62 catheters injected,
only 35 (56.5%) showed fibrin sheaths. Crain
et al. [8], however, injected contrast material
into each hemodialysis catheter port before
stripping and included patients for analysis
only if a fibrin sheath was shown. Neverthe-
less, our overall result for median primary pa-
tency—389 days (3 months)—is similar to that
of Crain et al. We compared the median pri-
mary patency (95 days) of the 35 catheters
that had a fibrin sheath seen on contrast mate-
rial injection (group A) with the median pri-
mary patency (3 months) of the 56 catheters
that had no sheath shown (group B) (Fig. 2).
We found no statistically significant differ-
ence in patency between the two groups (p =
.71). We believe that an inability to aspirate a
catheter that one can infuse with no evidence
of kinking or malpositioning and a response
to stripping strongly suggest that a fibrin
sheath was the cause of catheter failure. Given
our results, we believe that if these conditions
exist, the patient need not be subjected to the
added risk and expense of a contrast injection
or the increased procedure time it requires.
However, if fibrin sheath formation is not
strongly suspected clinically, contrast material
should, in our opinion, be injected.

Our catheter patency rates after stripping
are similar to those reported by Crain et al.
[8] and Rockall et al. [10] but better than
those reported by Haskal et al. [9]. We had a
median poststripping patency rate of 89 days
(3 months), a 3-month patency rate of 56%,
and a 6-month patency rate of 46%. Crain et
al. reported a median patency duration of 3

AJR:173, October 1999



Percutaneous Restoration of Catheter Patency

months after the first stripping and of 3.5
months after multiple strippings. Their 3-
and 6-month patency rates were 45% and
28%, respectively. Rockal et al. reported a
median poststripping patency duration of
4.25 months.

Haskal et al. [9], on the other hand, reported
relatively poor results for 24 strippings in 20
patients. These researchers found that 20 of the
22 catheters that were functional after stripping
became nonfunctional by the fifth dialysis ses-
sion, with a mean patency duration of only 22
days. The reason for the discrepancy between
these results and our results is unclear. Our def-
inition of hemodialysis catheter failure was
flow rates of 250 ml/min or less. This definition
is similar to that of Haskal et al. but different
from that of Crain et al. [8], who considered
blood flow rates of 200 ml/min or less to repre-
sent catheter failure. Rockall et al. [10] did not
give flow rates when defining catheter failure.
Our exclusion of malpositioned or kinked cath-
eters and our higher number of strippings dur-
ing the procedure may account for differences
between our results and those of prior studies.
Furthermore, to avoid bias from previous per-
cutaneous intervention of the affected catheter,
we reported the primary patency for only the
first stripping of the first catheter inserted. Also,
these prior studies each included fewer than 27
patients, differed in their definitions of failure
and patency, and included multiple strippings
of the same catheter [8—10]. Two of the studies
included patients with malpositioned catheter
tips [9, 10].

Catheter replacement is a possible alterna-
tive to stripping after ineffective instillation of
5000 U of urokinase into each lumen. We are
not aware of any studies that have prospec-
tively compared the patency rates of hemodial-
ysis catheters after replacement with those
after stripping. Removal of a hemodialysis
catheter can result in fragmentation and de-
tachment of the fibrin sheath (5, 16], and fatal
pulmonary embolism has been described after
catheter removal [17]. However, fragmentation
and detachment of the fibrin sheath is also the
goal of stripping, and to our knowledge no
cases of pulmonary embolus after stripping
have been reported.

Gray et al. reported that continuous infusion
of urokinase into the catheter lumens is also an
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effective alternative for restoring patency to
failing hemodialysis catheters (presented at the
Society of Vascular and Interventional Radiol-
ogy meeting, March 1998). These researchers
prospectively compared urokinase infusion
with stripping. Twenty-eight patients under-
went standard stripping, and 19 patients re-
ceived an infusion of 30,000 U of urokinase
per hour for 4 hr. Results were similar in the
two groups of patients. After stripping, 30- and
45-day catheter patency rates were 50% and
33%, respectively; after urokinase, the rates
were 67% and 37%, respectively. Although
their 30- and 45-day patency rates were lower
than ours (30-day patency, 78%; 45-day pa-
tency, 65%), further study of the cost-effec-
tiveness of urokinase infusion versus stripping
is warranted.

We did not encounter any significant com-
plications related directly to the stripping.
One case of lower extremity deep venous
thrombosis after stripping has been reported
[8]. Early workers with stripping feared that
pulmonary embolism would be a significant
complication [18]. However, to our knowl-
edge, symptomatic pulmonary embolism has
not been reported after stripping.

We did not include the results of second and
subsequent strippings of the same catheters in
this study. Including these subsequent strip-
pings would likely further improve the long-
term patency rates of the catheters studied.

In conclusion, stripping is a safe, effective
method of restoring patency to failing hemodi-
alysis catheters when the failure is due to fibrin
sheath formation and other causes are excluded.
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