
Anesthesiology 2009; 111:1346–55 Copyright © 2009, the American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

Serious Complications Associated with External
Intrathecal Catheters Used in Cancer Pain Patients

A Systematic Review and Meta-analysis
Daniel Aprili,* Oliver Bandschapp, M.D.,† Christoph Rochlitz, M.D.,‡ Albert Urwyler, M.D.,§ Wilhelm Ruppen, M.D.!

Background: Potential risks of intrathecal catheters in cancer
patients include infection, bleeding, and neurologic injury.

Methods: A systematic review and a pooled analysis of obser-
vational studies were performed. Articles reporting on adverse
events (infections, bleeding, granuloma, and death) associated
with intrathecal catheters and external pumps in cancer patients
were identified. Electronic searches of PubMed, MEDLINE, and
EMBASE were conducted. Observations from different studies
were pooled using a generalized mixed-effect model. Model esti-
mates and their standard errors (SEs) were used for calculating
95% confidence intervals (CIs) on the overall proportion.

Results: The analysis identified 10 articles, including a total of
821 patients. Twenty catheter-related infections were identified.
Of these, 10 were superficial and 10 were deep infections, with
rates of 2.3% (95% CI, 0.8–6.1) and 1.4% (95% CI, 0.5–3.8), respec-
tively. Furthermore, the authors calculated that every 71st patient
had a deep infection after an average catheter duration of 54 days.
The risk of bleeding was found to be 0.9% (95% CI, 0–2.0), and for
neurologic injury 0.4% (95% CI, 0–1.0). The infection rates are
comparable to other intrathecal catheter techniques.

Conclusions: Serious complications are rare in both hospi-
talized and homebound patients with intrathecal catheters. This
analysis supports the reasoning that the potential benefit of
intrathecal catheters in the treatment of severe cancer pain is
likely to outweigh the potential for serious complications asso-
ciated with this technique. Therefore, an external intrathecal
catheter can be considered an effective and low-cost solution
for the control of pain in such patients.

THE vast majority of patients with cancer pain can be
satisfactorily treated according to conservative methods
such as the three-step analgesic ladder approach, devel-
oped by the World Health Organization.1 Nevertheless, in
some patients pain relief is insufficient or the side effects of
the chosen analgesic regimen are unbearable, prolonging
suffering from severe pain. In such cases, invasive proce-
dures, including the placement of a chronic indwelling
intrathecal catheter, may be helpful.2 If intrathecal or epi-
dural catheters are in place for 3 or more months, implant-
able programmable infusion pumps (internal system) seem
to be the most cost-effective approach.3

For patients with a catheter duration of less than 3
months or having an unknown life expectancy, the easiest
and most cost-effective way is the tunnelled subcutaneous
catheter with an external infusion pump system.1,4

Infections are a potential risk of intrathecal or epidural
catheters.5 A recent meta-analysis6 of chronic indwelling
epidural catheters revealed that 1 in every 35 patients
with a chronic indwelling epidural catheter in place for
an average of 74 days will develop a deep epidural
infection. One in every 510 patients will die of deep
epidural infections.6 Further potential risks of these min-
imally invasive intrathecal procedures include bleeding
and neurologic injury. Rates of complications associated
with short-term use of epidural catheters in obstetrics
have been calculated. Epidural hematomas occur in 1 in
every 168,000 women, persistent neurologic injury oc-
curs in 1 in every 240,000, and transient neurologic injury
occurs in 1 in every 6,700.7 The duration of catheterization
in obstetrics is rarely longer than 1 day, whereas in cancer
patients catheters may be in place for months. Further-
more, obstetric patients are generally young and in good
physical condition, whereas cancer patients often have
severe illnesses, which are frequently accompanied by co-
agulation disorders and immune suppression. Similar data
about complication rates in chronic indwelling intrathecal
catheter systems are available8 but are consistently re-
stricted to internal catheter systems or port systems.

The clinical decision to implant an intrathecal catheter is,
however, influenced by the predicted benefit as well as the
risk of complications. Therefore, in the current study we
looked for robust estimates of infection, bleeding, neuro-
logic injury, and catheter-associated death in cancer pa-
tients that have been linked to intrathecal catheters with
external pumps in place for longer than 7 days.

Materials and Methods

The outcomes defined in our study protocol were
deep and superficial infections, bleeding, neurologic in-
juries, granuloma, and death associated with intrathecal
catheters with external pumps in cancer patients. Pa-
tients with noncancer pain were excluded because they
generally do not have long-term external pumps and are
more likely to have different immunocompetencies. Ar-
ticles reporting on adverse events associated with intra-
thecal catheters and external pumps in cancer patients
were identified using two different approaches. Initially,
electronic searches of PubMed (from 1966), MEDLINE
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(from 1966), and EMBASE (from 1980) up through August
2007 were conducted with no language restrictions ap-
plied. The searches combined controlled vocabulary and
free text terms for both the intervention (intrathecal cath-
eter) and the outcome (adverse effect). Details of the terms
used are shown in the appendix. Subsequently, reference
lists of reviews and retrieved studies were reviewed for
additional studies. Where necessary, authors were con-
tacted to obtain further detailed information.

The titles and abstracts of all retrieved articles were read
(D.A.), and those of no clear relevance were eliminated.
Full copies of all the remaining studies were obtained and
read independently (D.A. and W.R.). In case of interrater
variability, D.A. and W.R. discussed the differences and
made a joint decision. Those reporting quantitative data for
serious adverse events such as infection using the infection
criteria used by the original authors (deep and superficial),
bleeding, neurologic injury (persistent, transient, and of
unknown duration), granuloma, or death associated with
the intrathecal catheter system were included in an initial
list of studies. We then selected those reporting at least 20
patients, with a median catheter duration of at least 7 days,
quantitative data for the previously mentioned serious ad-
verse events, and an external catheter system. Port-a-cath-
based systems were excluded.

Statistical Analyses
Information about the type of study, patients, interven-

tion, and numbers of individuals experiencing adverse
outcomes was tabulated. Quality of Reporting of Meta-
analyses rules9 were followed where applicable. It was
our intention to pool results and to calculate complica-
tion rates separately. Information on infections is pre-
sented in two ways: (1) the percentage of patients with
deep, superficial, or any catheter-related infection and
(2) the incidence of infections per 1,000 catheter treat-
ment days. The amount of total catheter days of a single
study was either taken from the text (if indicated) or
calculated by multiplying the number of patients by the
mean (or median) catheter duration of this study.

Observations from different studies were pooled using
a generalized mixed-effect model with a logit link func-
tion with a random effect accounting for the individual
studies. Model estimates and their SEs were used for
calculating 95% confidence intervals (CIs) on the overall
proportion. All analyses were performed using R Devel-
opment Core Team (Foundation for Statistical Comput-
ing, Vienna, Austria).10 Statistical table calculations were
performed with Microsoft Excel version 2002 SP3 (Mi-
crosoft Corporation, Redmond, WA).

Results

The electronic search (appendix) and review of refer-
ence lists of the electronically identified articles led to the

identification of 6,144 articles (fig. 1). The results of this
initial search were reduced to 127 articles after reviewing
the titles and abstracts. These 127 were read entirely; 14 of
them met the inclusion criteria.

Of these, one study11 was excluded because the five
infections described were not assigned to one of the three
groups (single injections, external catheter, or implanted
pumps). Three other articles had to be excluded: One
examined the patients postmortem,12 one article did not
distinguish between epidural and intrathecal infections,13

and another investigated noncancer patients.14 Three of
the remaining 10 articles originated from the same au-
thors. Therefore, we attempted to find out whether
these three articles reported on the same patients.
Two of these had no overlap in their patient reporting.
One15 reported on the period from 1983 to 1988; the
other16 reported on the period from 1988 to 1991.
The third article17 was probably part of an article
published 1 yr later18 and, therefore, was excluded
from our meta-analysis. Another two articles19,20 were
part of a larger overview21 and were also excluded
from our meta-analysis. Two authors were contacted
for more detailed information. However, we received
no reply.

In summary, 10 of the remaining articles, including a
total of 821 patients, were used for the comprehensive
meta-analysis (table 1). Three articles17,19,20 were excluded
because of potential overlap of data. Seven15,16,18,21–24 of
these, including 560 patients, were used in the infection
rate analysis (table 2).

Of the definitively included articles (infection, neurologic
injury, bleeding, and granuloma), 33% were identified by

Fig. 1. Search results for infection analysis.
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Table 1. Study Details

Reference
Type of
Article

Patients
Included

No. of Patients
(or Catheters) Technique Duration of Catheter

Results

Adverse Events Comments

Baker
et al.,22

2004

Retrospective
study

Cancer
patients

76 (81) Since 1996, 96% of
catheters were
tunneled

Up to 547 days Superficial infections: 5 81 catheters were performed in
76 patients

1/3 Thoracic level Median duration from
1996 to 2002: 24
days

Deep infections: 2
meningitis (one died)

Postspinal cord
compression: 2
(granuloma?)

Not clear whether postspinal
cord compression provoked
neurologic injury; also not
clear why spinal cord
compression occurred
(granuloma? bleeding?)

Crul et al.,15

1991
Not clear Cancer

patients
30 All patients with

tunneled catheters
and suture on the
fascia of the
paraspinal
musculature

Not clear because
epidural and
intrathecal catheters
are mixed for the
treatment duration
calculations (10–366
days)

Superficial infections: 2 Discrepancy of the superficial
infection figure between the
text and the table of the
article: table indicates 2, text 1
superficial infection

Deep infections: 0 Observation period: 1983–1988
Devulder

et al.,23

1994

Prospective
study

Cancer
patients

33 Intrathecal catheter ! 22 days: 10 Superficial infections: not
mentioned

Probably most of the patients
reconnected the system after
an incidental disconnection,
so this could be the reason for
the high infection rate

Ten patients with
intermittent bolus,
the other 23 with
continuous patient-
controlled analgesia

22–90 days: 11, " 90
days: 12

Deep infections: 3
(meningitis)

Postoperative hemorrhage
(unclear where;
subcutaneously?)

Gestin
et al.,17

1985

Not clear Cancer
patients

35, all outpatients Bolus injections of
morphine via a
tunneled catheter
in a closed device
twice a day

5 patients less than 10
days, maximum 240
days

Superficial infection: 1
patient with fever and a
positive culture of the
entry site (restitutio ad
integrum, catheter not
taken away)

3 patients had to change their
catheter, so in total 38
catheters

More than 4,000 bolus
injections in total

In total 2,016 catheter
days

Deep infections: none
mentioned, so probably
no deep infections

Gestin
et al.,18

1986

Retrospective
study

Cancer
patients

115 (6 dropouts),
80%
outpatients

Bolus injections of
morphine via a
tunneled catheter
in a closed device
twice a day

Mean follow-up 68
days, max duration
13 mo

Superficial infections:
probably 0, but no
explicit information

2 respiratory depressions due to
handling errors (10-fold too
high doses): outcome
restitutio ad integrum

More than 15,000
bolus injections in
total

Deep infections: 4 (2 due
to negligence, 2 others
[immunosuppression])

Observation period: April 1979 to
April 1985

Every 1,955th infection #

3.5% infection rate
Gestin

et al.,24

1997

Retrospective
study

Cancer
patients

50 Tunneled catheter Mean follow-up 142
days (7–584)

Superficial infections: 0 Observation period: 1991–1994

External pump with
patient-controlled
boluses and
continuous infusion

In total 5,602 morphine
therapy days

Deep infections: 0

Nitescu
et al.,19

1991

Not clear Cancer
patients

142 (157
catheters)

Catheters were
tunneled
subcutaneously

Greatly exceeding
10,000 catheter days

Superficial infections: 1, due
to suture abscess

Observation period: 1985–1990

Mean 72 days
1–525 days

Deep infections: 1
meningitis (survived
another 179 days with
the same catheter;
infection occurred 153
days after insertion of the
catheter)

Bleeding in the tunnel: 1
No neurologic injury

(continued)
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going through reference lists and 67% were identified by
computer search. Three articles,20,21,23 with a total of 322
patients, were prospective and accounted for 30% of
the included articles. Four articles,16,18,22,24 with a
total of 292 patients, were retrospective and ac-
counted for 40% of the included articles. The type of
study was either unclear or not mentioned for the
remaining articles,15,17,19 which included 207 patients
(30% of the included articles).

Deep, Superficial, and Any Catheter-related
Infections
The seven articles15,16,18,21–24 included in the infec-

tion analysis received a total of 560 patients and re-

ported on 10 deep infections (infection rate, 1.4%;
95% CI, 0.5–3.8). That is, the analysis of these seven
articles suggests that every 72nd patient will develop
a deep infection. In two articles,15,23 it was not pos-
sible to derive the total duration of catheter place-
ment. Apart from these two articles, the other five
accounted for a total of 26,604 catheter days, of which
we could calculate a deep infection risk of 0.212 cases
per 1,000 catheter days (95% CI, 0.073– 0.62).
Namely, only a single deep infection will result after
an estimated 4,716 catheter days (95% CI, 1,613–
13,699) (tables 2 and 3). We detected seven infections
in 497 cases, which accounted for a total of 26,604
catheter days. Therefore, every 71st patient had a

Table 1. Continued

Reference
Type of
Article

Patients
Included

No. of Patients
(or Catheters) Technique Duration of Catheter

Results

Adverse Events Comments

Nitescu
et al.,20

1992

Prospective cohort
study

Cancer
patients
(n # 81)

89 patients Percutaneous catheter Overall duration
unknown

Superficial infections: 1
(nonmalignant pain
patient)

Deep infections: 1 (the
same patient)

Observation period: 1987–1991
Study was designed to find

recommendations on the
exchange of containers
(syringes and cassettes) and
antibacterial filters

The patient with deep infection
developed meningitis from the
infected breakdown of skin

Noncancer
patients
(n # 8)

Nitescu
et al.,21

1995

Prospective cohort
study,
nonrandomized

Cancer
patients
(n # 200)

200 (79
outpatients)

Externalized tunneled
catheter

1–575 days (median 33) Superficial infection: 1
patient

Observation period: December
1985 to January 1991

Intermittent and
continuous

Cumulative total of
14,485 days

Deep infections: 0 epidural
abscess, meningitis 1
patient (# one in 40
years of treatment)

200 cancer patients with 223
catheters

Bleeding in the tunnel: 1
patient (not extensively,
stopped by compressive
dressing)

Neurologic complications: 5
patients

Van Dongen
et al.,16

1993

Retrospective
study

Cancer
patients

51 Catheters were
tunneled
subcutaneously
over a distance of
30–40 cm

Total treatment duration:
3,140 days

Superficial infections: 2
Deep infections: none
No respiratory depression
No neurologic sequelae

Observation period: 1988–1991

Sjoberg
et al.,12

1992

15 Tunneled catheter 4–274 days, mean 81
days

Superficial infection: 0 Excluded because results based
on postmortem examinations

Epidural granulations: 2
Du Pen,13

1999
Probably

retrospective
Cancer

patients
75 Unclear 2 infections (deep?

superficial? epidural?
intrathecal?)

Excluded because unclear
whether epidural or intrathecal

Nitescu
et al.,14

1998

Prospective cohort
study

Nonmalignant
pain
patients

90 (106 catheters) External tunneled
catheter connected
to an external pump
with basic rate

3–1,706 days (median
60 days)

Transient paresthesiae (n #

26), short-lasting pareses
(n # 16)

Bradypnea: 1 patient
Observation period: 1987–1995
Excluded due to patients with

nonmalignant pain
Possibility of “patient-

controlled
analgesia” mode
(boluses: 1–4 times
an hour)

Cumulative total of
14,686 days, 7,460
(50%) of which were
spent at home

No neurologic sequelae
Superficial infection:

probably none, but not
explicitly mentioned

Deep infections: 4
(meningitis)

Attempted suicide (n # 5, 3
of which were successful)

No death attributed
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deep infection after an average catheter duration of 54
days. Only one article21 indicated that the deep infec-
tion case described in the article occurred after 145
catheter days (the superficial infection case occurred
after 130 catheter days). Of the other articles, we are
unaware of the time at which infections occurred.

Five articles,15,16,21,22,24 accounting for 412 cases, re-
port on 10 superficial infections (infection rate, 2.3%;
95% CI, 0.8–6.1). In one15 of these five articles, it was
not possible to derive the duration of catheter place-
ment. Excluding this article, we calculated a superfi-
cial infection risk of 0.308 cases per 1,000 catheter

days from a total of 18,784 catheter days (95% CI,
0.105– 0.898). Again, this means that a single superfi-
cial infection will occur only after approximately
3,247 catheter days (95% CI, 1,114 –9,524) (tables 2
and 3).

All seven articles15,16,18,21–24 report on a total of 20
any catheter-related infections (infection rate, 2.9%;
95% CI, 1.1–7.4). In two articles,15,23 it was not pos-
sible to derive the total duration of catheter place-
ment, resulting in a total of 26,604 catheter days
(based on five remaining articles). In addition, we
calculated an “any catheter-related infection” risk of
0.412 cases per 1,000 catheter days (95% CI, 0.141–
1.204). Therefore, a single “any catheter-related infec-
tion” will occur only every 2,427 catheter days (95%
CI, 831–7,092) (tables 2 and 3).

Most of the articles included in this analysis used a
tunnelled catheter; in one article,23 it was unclear
whether a tunnelled catheter was used.

Bleeding
Three studies,19,21,23 including a total of 375 pa-

tients, report on bleeding and hematoma. Because of
the likelihood that two studies19,21 mentioned the
same case, we counted two cases out of 233 patients
accounting for at least 6,660 catheter days: one post-
operative bleeding23 and one bleeding in the tunnel.21

In one study,23 the total catheter days remained un-
clear. The risk is 0.9% (95% CI, 0 –2.0) or a single case
of bleeding after 3,330 catheter days. No neurologic

Table 2. Detailed Results for Infections from Individual Studies

Study Cohort

No. of
Patients

or
Catheters

Catheter
Duration

Catheter
Duration
in Total

Deep Infections Superficial Infections Any Catheter-related Infections

Amount of
Infections

Percent of
Patients
Affected

Per 1,000
Catheter

Days
No. of

Infections

Percent of
Patients
Affected

Per 1000
Catheter

Days
No. of

Infections

Percent of
Patients
Affected

Per 1,000
Catheter

Days

Baker et al.,22

2004
Retrospective 81 Up to 547 days,

mean 24 days
1,944 2 2.5 1.0 5 6.2 2.6 7 8.6 3.6

Crul et al.,15

1991
Unclear 30 10–366 days Unclear 0 0 No data 2 6.7 No data 2 6.7 No data

Devulder et al.,23

1994
Prospective 33 Unclear Unclear 3 9.1 No data No data No data No data 3 9.1 No data

Gestin et al.,18

1986
Retrospective 115 Mean 68 days 7,820 4 3.5 0.5 No data No data No data 4 3.5 0.5

Gestin et al.,24

1997
Retrospective 50 Mean 142 days 7,100 0 0 0 0 0 0 0 0 0

Nitescu et al.,21

1995
Prospective 200 1–575 days,

median
33 days

6,600 1 0.5 0.2 1 0.5 0.2 2 1.0 0.3

Van Dongen
et al.,16 1993

Retrospective 51 3,140 catheter
days

3,140 0 0 0 2 3.9 0.6 2 3.9 0.6

Patients in studies reporting
the outcome

560 10.0 10.0 20.0

Risk (95% confidence
interval), %

1.4
(0.5–3.8)

2.3
(0.8–6.1)

2.9
(1.1–7.4)

Calculable catheter duration
in total

26,604 days 26,604 26,604 18,784 26,604

Infections usable for catheter
duration calculations

7 8 15

Risk per 1,000 catheter days 0.212 0.308 0.412

Table 3. Summary of Infection Rates

Site of Infection

Deep Superficial
Any Catheter

Related

Number of studies 7 5 7
Number of patients with

infections
10 10 20

Total number of patients 560 412 560
Percentage of patients with

infection
1.4 2.3 2.9

Risk of infection per 1,000
catheter days

0.212 0.308 0.412

Mean number of days of
catheter use before one
infection occurs

4,716 3,247 2,427

If catheter days were missing, the corresponding infection numbers were not
included in the calculation of risk of infection per 1,000 catheter days.
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injuries were mentioned in the context with these two
cases of bleeding (table 4).

Neurologic Injury
Two articles16,19 reported no neurologic injuries.

One article21 reported five neurologic injuries, in
which all five patients had either tumor masses in the
epidural space, extensive metastases of the vertebral
column, or compression fractures. Another article22

reported on two postspinal cord compressions but
provided no further detail (e.g., on tumor compression
or bleeding). Neurologic injuries occurred at most twice in
474 patients (risk, 0.4%; 95% CI, 0–1.0) (table 4).

Granuloma
No reports on granuloma were found in the included

articles. One postmortem pathoanatomical and, thus,
excluded study12 including 15 patients reported on
two intrathecal granulomas (risk, 13%; 95% CI, 0–31)
(table 4).

Death
No information on the incidence of death was re-

trieved from the included articles. One article14 reported
on two cases of respiratory depression without severe
consequences, one article22 reported on three respira-
tory arrests without further information on ongoing de-
velopment, and another16 reported on no problems with
respiratory depression in the context of intrathecal cath-
eters (table 4).

Discussion

Epidural and intrathecal catheters are well-established
techniques to reduce cancer pain.22,25 The most widely
accepted indications for intrathecal analgesia in cancer
pain patients include unacceptable side effects of the
systemic pain therapy (mostly opioid therapy) or unsuc-
cessful/insufficient therapy with opioids despite increas-
ing doses.26

Long-term intrathecal morphine infusions seem to pro-
vide satisfactory analgesia, have few associated side ef-
fects, and permit a high degree of patient autonomy.24

According to Kedlaya et al.,1 we could conclude that
74% of cancer patients with a tunnelled indwelling in-
trathecal catheter reported their satisfaction as either
good or excellent. Only 26% of the patients were poorly
or fairly pleased with an intrathecal catheter.

A simple, nonimplanted system in debilitated patients
late in the course of their disease seems to be both easier
to place and easier to use at home.27 Implantation of an
external, tunnelled intrathecal catheter is quick and easy
to perform in the majority of cases and is less invasive
than the implantation of a subcutaneous pump.27 De-
spite the ease and minimal invasiveness of implanting an
external, tunnelled intrathecal catheter, there is a certain
risk of serious complications.25 The clinical decision to
implant an intrathecal catheter, however, is influenced
by the predicted benefit versus the risk of complica-
tions. To our knowledge, there are still no robust esti-
mates or meta-analyses for serious complications such as
infection, neurologic injury, bleeding, or death due to an
external intrathecal catheter.

Table 4. Detailed Information on Risk of Bleeding, Neurologic Injury, and Death

Study
No. of Patients or

Catheters Catheter Duration Bleeding Neurologic Injuries Deaths

Baker et al.,22

2004
81 ! 547 days; mean

24 days
2 spinal cord compressions

(granuloma? bleeding?)
3 respiratory arrests

Devulder
et al.,23

1994

33 Unclear 1 postoperative
hemorrhage (unclear
where)

Gestin
et al.,18

1986

115 Mean 68 days 2 respiratory depressions
due to handling errors
(10-fold too high
doses): outcome
restitutio ad integrum

Nitescu
et al.,19

1991

142 Bleeding in the tunnel: 1 No neurologic injuries

Nitescu
et al.,21

1995

200 6,600 days Bleeding in the tunnel: 1
patient (not
extensively, stopped
by compressive
dressing), probably
the same patient as in
Nitescu et al.,19 1991

Neurologic complications: 5
patients

Van Dongen
et al.,16

1993

51 3,140 catheter
days

No neurologic sequelae No respiratory depression
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Infection
We found an overall infection risk rate of 1.4% (95% CI,

0.5–3.8) for deep infections (one infection after 4,716
[95% CI, 1,613–13,699] catheter days), of 2.3% (95% CI,
0.8–6.1) for superficial infections (one infection after
3,247 [95% CI, 1,114–9,524] catheter days), and of 2.9%
(95% CI, 1.1–7.4) for any catheter-related infections (one
infection after 2,427 [95% CI, 831–7,092] catheter days).
Therefore, every 71st patient had a deep infection after
an average of 54 catheter days. Unfortunately, only one
article21 indicated that the deep infection case described
in the article occurred after 145 catheter days, and the
superficial infection case occurred after 130 catheter
days. Of the other articles, we are unaware of the time at
which infections occurred.

These risks seem to be quite low and comparable to
the infection rates reported for chronic indwelling epi-
dural catheters (1.2% for deep infection, 4.6% for super-
ficial infections, and 6.1% for any catheter-related infec-
tion).6 In patients with subcutaneously implanted ports,
Holmfred et al.8 found a rate of 2% (95% CI, 0–5.8) for
deep infection and a rate of 6% (95% CI, 0–12.6) for
superficial infections. These infection rates are even
higher than the rates in our analysis. However, the study
by Holmfred et al. was conducted prospectively,
whereas in our analysis only approximately half of the
included patients were studied in a prospective manner.

A recent overview by Follett et al.,28 with a total of 700
mainly noncancer pain patients, found an implanted
drug-delivery system infection rate of one infection ev-
ery 7,620 device months. Combining all studies, 36 in-
fections involving 35 separate patients were reported in
a total of 700 patients (5% overall infection rate). The
majority (57–80%) of infections in each study involved
the pump pocket site. The aggregate proportion of cases
that were treated with complete or partial device re-
moval also varied from 57% to 80%. All of the patients
experienced resolution of their infections by the time
each study or observation period had ended. No deaths
or episodes of drug withdrawal were reported.

Patients with implanted pump systems had fewer deep
infections per time unit (one deep infection in 127
months in our study vs. one deep infection in 7,620
months).28 However, the individual risk of developing a
deep infection was 1.4% in our study versus as much as
5% in the Follett study, although patient condition in
cancer patients is probably much more serious than in a
patient population with predominantly noncancer pain.
This divergence is well explained by differences in the
duration of application. Cancer patients in our study had
an external catheter for an average of 55 days, whereas
implanted pump patients in the Follett study had their
device for several months (mean follow-up varied from
6.4 to 14.1 months). Nevertheless, the individual risk of
developing a deep infection with external pumps in our

study was lower than in the Follett study with implanted
pumps.

Unfortunately, in our study it was not possible to
identify clear risk factors for infections. Furthermore, it
remains unclear whether different implantation tech-
niques influenced the frequency of infections. Nitescu et
al.20 found microbial contamination in approximately
20% of cultures from cassettes, syringes, and filters; how-
ever, no patients developed symptoms of meningeal
infection. The catheter hub is believed to be the most
important point of entry for microbes.29 When bacterial
filters are perfused with reduced volumes and at low
injection pressures, the filters maintain sufficient antimi-
crobial function for more than 60 days.29 Therefore, it
does not seem unreasonable to change bacterial filters
only every 60 days. In addition, some authors advocate
the administration of prophylactic antibiotics through
the intrathecal catheter.30 In case of infected catheters, it
also seems reasonable to consider not removing the
catheter, especially in case of an epidural catheter.25

One prospective article8 reporting on patients with im-
planted subcutaneous ports found no difference in in-
fection rate when perfusing prophylactic antibiotics. In
our analysis, it remains unclear how the prophylactic use
of antibiotics influences the rate of infection. It is in
addition unclear how often syringes, cassettes, and filters
were changed. This could be an important factor influ-
encing the rate of infections.

An epidural catheter has the (theoretical) advantage of
having the dura as a natural barrier preventing the
spread of an infection to the spinal cord. On the other
hand, there are data reporting similar infection rates
with intrathecal and epidural administration.21 Further-
more, the epidural route is not recommended for long-
term use, because of increasing technical problems as-
sociated with epidural fibrosis.15,31,32

Bleeding and Neurologic Injury
A 0.9% risk of bleeding or even the development of an

intrathecal or epidural hematoma with devastating neu-
rologic sequelae seems to be less of a problem, although
cancer patients have many factors contributing to the
likelihood of a coagulation disorder. Surprisingly, we
could not identify clear reports on new neurologic inju-
ries after introducing an intrathecal catheter. Only two
cases with spinal cord compression were described.
However, the reasons for this finding were not clear
(bleeding or metastasis). All other cases reporting neu-
rologic injuries involved patients with previous neuro-
logic findings and injuries before inserting the indwell-
ing intrathecal catheter. The assumption that intraspinal
cannulation is contraindicated in all patients with known
vertebral metastatic lesions is not supported in clinical
practice.13
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Granuloma
In our survey, we found no information on catheter-

associated granulomas. However, there are several stud-
ies and case reports33,34 describing neurologic problems
due to granulomas, especially in noncancer patients with
implanted long-term intrathecal catheters. Several expla-
nations are possible: (1) too short a duration of catheter
placement to develop a clinically relevant granuloma, (2)
lack of prospective and well-designed studies, (3) under-
reporting because of fear of legal action, and (4) “non-
detection” of a catheter-associated death or granulomas
in the context of a severe malignant illness with lethal
exit.

Another important issue could be the concentrations
of opioids applied. Unfortunately, it was not possible to
identify the concentrations of opioids in the articles
investigated. Nevertheless, we found a dose range of
2.3–11 mg morphine per day. An overview by Miele et
al.34 reported similar daily doses with exception of one
article with excessive daily doses (110 mg morphine per
day). Perhaps one of the best explanations for not find-
ing granulomas is the small patient number. Although
accepting the general reported incidence of approxi-
mately 1%,34 we should have detected a few cases from
a statistical point of view.

In a postmortem pathoanatomical examination,12 gran-
ulomas were found in 2 of 15 patients (risk, 13%; 95% CI,
0–31). These patients had no new neurologic symptoms
after insertion of an intrathecal catheter. Therefore, the
development of catheter-associated granulomas is not
likely to have impaired the neurologic situation of the
patients.

Deaths
No reports of catheter-related death were found. How-

ever, there were few reports on respiratory depression and
even arrest. Because it was not our intention to identify
respiratory problems, our results regarding respiratory
complications are doubtful. Nevertheless, we found an
incidence of three respiratory arrests and two respiratory
depressions in 247 patients. These figures seem to be high;
however, most could be attributed to handling errors. Fur-
ther studies are mandatory to determine the risk of respi-
ratory depression.

Implanted versus External
There is some debate about the technique appropriate

for implanting a chronic indwelling intrathecal catheter.
Some authors advocate implanting a pump to prevent
infection-related complications. If life expectancy is
longer than 3–6 months, such an implanted system may
be more convenient.4 Furthermore, the use of external-
ized tunnelled intrathecal catheters has not been associ-
ated with higher rates of complications.25 We think that
patients with implanted pumps require full-time assis-

tance with specialized and advanced levels of knowl-
edge, which often cannot be guaranteed. Because our
chronic pain division cannot provide such support, we
do not implant pumps. In addition, the handling of
implanted pumps requires specialized knowledge and
training in the programming and refilling of a pump. In
addition, every anesthetist on call should be able to
handle an external implanted catheter.

Last but not least, a simple nonimplanted system in
debilitated patients late in the course of their disease
seems to be both easier to place and easier to use at
home.27

One of the limitations of our analysis is its retrospec-
tive nature, a problem encountered whenever con-
ducting a meta-analysis regarding rare complications.
Only 30% of the studies included were prospective,
40% were retrospective, and 30% were of unknown
nature. Another recent published analysis6 on a similar
topic identified eight retrospective and only four pro-
spective studies. Therefore, it seems that the amount
of identified retrospective studies is quite high for this
type of analysis.

A further limitation is the fairly small number of iden-
tified articles with relatively few patients. In addition,
the inclusion criteria of a case threshold of 20 is arbi-
trary. The caseload is certainly higher in larger case
series. We suppose that centers with higher caseloads
have more standardized procedures for implantation and
more experience. Such data are, therefore, more homog-
enous and likewise more comparable. Furthermore, the
accuracy of statistical statements in larger case series is
higher than in small series.

A third limitation of our study is the possibility of
different definitions classifying infections and bleed-
ing between the included articles. In particular, the
definition for superficial infection could be quite dif-
ferent between the included studies: Is redness of the
catheter exit enough for a superficial infection, or is a
real superficial abscess mandatory? No clear defini-
tions were provided in the included articles. Further-
more, we assume that deep infections have such a
clinical impact and consequences that renders heter-
ogeneity between studies less important. Therefore, it
is likely that our analysis is more accurate regarding
deep rather than superficial infections, because the
identification of a deep infection is much more evi-
dent. Another source of inaccuracy could be underre-
porting due to concern of legal consequences.

Most of the studies did not report on detailed implan-
tation technique or on the experience of the operator,
both of which may contribute to the inhomogeneity of
the included studies.

To obtain more detailed and accurate information,
large and well-designed prospective studies are manda-
tory. Because most of the centers have a limited casel-
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oad, it will be difficult for a center to obtain sufficiently
large patient numbers.

Conclusion

Serious complications such as infection, bleeding, and
neurologic injury in cancer patients with external
chronic indwelling intrathecal catheters in the hospital
and in the home setting are rare and of minor impor-
tance. The infection rates are comparable with other
techniques, such as implanting subcutaneous ports. Con-
sidering that in a small number of cancer patients the
only way to alleviate pain is to provide intrathecal med-
ication, we think that weighing the benefits versus the
risks leans more heavily toward the beneficial potential
than toward the possibility of serious complications. We
are convinced that an external intrathecal catheter can
be a very good and cost-effective option to help this
minority of patients. Special medical knowledge for phy-
sicians and education programs for patients and their
relatives is mandatory.
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Appendix: Search Strategy for PubMed

Medical subject heading (MeSH) term search for PubMed:

1. Search “Anesthesia, spinal”[MeSH]
2. Search “Anesthesia, intrathecal”[MeSH]
3. Search “Anesthesia, intraspinal”[MeSH]
4. Search “Analgesia, spinal”[MeSH]
5. Search “Spinal puncture”[MeSH]
6. Search “Injections, spinal”[MeSH]
7. Search “Spinal catheter”[MeSH]
8. Search “Myelography”[MeSH]
9. Search #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8

10. Search (spin* or intraspinal or dura* or intradural or intrathecal* or
theca* or subarachnoid*) near (puncture* or inject* or anesth* or
anaesth or needle*)

11. Search #9 OR #10
12. “Spinal cord injuries”[MeSH]
13. Search (nerv* NEAR injury) OR (nerv* NEAR damage*)
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14. Search #12 OR #13
15. Search “Spinal abscess”[MeSH] (epidural abscess, spinal)
16. Search (abscess* OR infection*) AND (spinal* OR intrathecal* OR

intraspinal*)
17. Search #15 OR #16
18. Search “Hematoma”[MeSH]
19. Search bleed* OR hemat* OR haemat*
20. Search #18 OR #19
21. Search “Granuloma”[MeSH]
22. Search “Granulom*
23. Search #21 OR #22
24. Search #14 OR #17 OR #20 OR #23
25. Search #11 AND #24

Full text search for PubMed: ((Granulom*) OR (bleed* OR hemat*
OR haemat*) OR (“Hematoma”[MeSH] OR “Hematoma, Subdural,
Spinal”[MeSH] OR “Hematoma, Subdural”[MeSH] OR “Hematoma,
Epidural, Spinal”[MeSH]) OR (Hematoma) OR ((abscess* OR infec-
tion*) AND (spinal* OR intrathecal* OR intraspinal*)) OR (“Spinal
Cord Injuries”[MeSH] AND “Spinal Cord Injuries”[MeSH])) AND
((“Anesthesia, Spinal”[MeSH] OR “Spinal Puncture”[MeSH] OR “In-
jections, Spinal”[MeSH] OR “Myelography”[MeSH]) OR ((spin* OR
intraspinal OR dura* OR intradural OR intrathecal* OR theca* OR
subarachnoid*) AND near AND (puncture* OR inject* OR anesth*
OR anaesth OR needle*))).

The search strategies for MEDLINE and EMBASE were performed in
a similar way.
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