ORIGINAL ARTICLE

Utilization of Preoperative Cerebrospinal

Fluid Drain in Skull Base Surgery

Alexander G. Bien, M.D.,} Bradley Bowdino, M.D.,2 Gary Moore, M.D., F.A.C.S.
and Lyal Leibrock, M.D., F.A.C.S.%

ABSTRACT

Objective: Retrospectively assess the efficacy of lumbar cerebrospinal fluid
(CSF) drainage placed preoperatively in skull base operations in decreasing the
incidence of postoperative CSF fistula. Methods: A retrospective review of 150
patients undergoing a posterior fossa craniotomy from 1989 to 2000 was
conducted. Patients were divided into those receiving preoperative lumbar drains
and those that did not. The rates of postoperative CSF leakage were compared
between the two groups. Patient data were analyzed to determine if there were
other comorbidities affecting the postoperative incidence of CSF leakage such as
smoking, diabetes, or hypertension. Results: Between 1989 and 1994, 25/72 (35%)
patients with no preoperative lumbar drain had a postoperative CSF leak. From
1995 to 2000, 9/78 (12%) patients with a preoperative lumbar drain had a CSF
leak. This was a 23% decreased incidence of postoperative CSF leakage and a
significant decrease in the probability (p <0.001) of CSF leakage in patients
treated with a preoperative lumbar drain. The comorbidities of diabetes, smoking,
or hypertension did not increase the probability of a CSF leak (p=0.43).
Conclusions: A preoperatively placed lumbar drain can significantly lower the
rate of postoperative CSF leakage after skull base surgery. The drain is a well-
tolerated adjunct to dural closure and helps increase surgical exposure of the
posterior fossa. The comorbidities of diabetes, smoking, or hypertension do not
contribute to an increased rate of CSF leakage.
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Skull base surgery is commonly used to
approach cerebellopontine angle (CPA) lesions
such as vestibular schwannomas and to access the
lower cranial nerves for pain and vascular compres-
sion syndromes. Cerebrospinal fluid (CSF) leaks are
one of the most frequent postoperative complica-
tions™ reported for posterior cranial fossa surgery
with potentially life-threatening complications.’
Depending on the surgical approach, the rate of
CSF leakage reported in the literature ranges be-
tween 5% and 15%, but rates as high as 30% have
been reported.*

Multiple strategies have been employed to
reduce the incidence of CSF fistula after skull
base surgery. However, the rates of CSF leakage
have remained stable. The purpose of this article
is to look at our experience with the use of
preoperative lumbar drains and their efficacy in
reducing the rate of CSF fistula in three different
approaches to the skull base: retrosigmoid, middle
cranial fossa, and translabyrinthine. The effect of
patient comorbidities on the rate of CSF fistula is
also addressed. Elucidating a reliable method to
minimize CSF fistula is pertinent to skull base

surgery.

METHODS
Subjects

Between 1989 and 2000, 150 patients were studied
retrospectively for spinal fluid leak. At the start of
the study dates, patients did not have a lumbar drain
placed. Due to an unacceptable incidence of CSF
fistula, all patients began receiving preoperative
lumbar drains, thereby dividing the study popula-
tion. All patients in the study were followed for a
minimum of 2 years. Seventy-two patients did not
have a drain placed. The remaining 78 patients had
a prophylactic lumbar drain inserted preoperatively
in the subarachnoid space. There were 58 males and
92 females included in the study, and of these, 11
were younger than 35 years old, 49 were between

Table 1 Patient Characteristics
Number of
Patients
Age (y)
<35 11
36-50 49
>51 90
Sex
Male 58
Female 92

the ages of 36 and 50, and 90 patients were 51 years
of age or older (Table 1).

Diagnostic Criteria

The definition of a CSF leak was drainage of clear
fluid at any time in the postoperative period, after
the lumbar drain had been removed. The type of
leak was listed as otorrhea, rhinorrhea, incisional, or
a subcutaneous accumulation. All cases were fol-
lowed for a minimum of 2 years.

Surgical Approach and Technique

The surgical approaches were as follows: 107 retro-
sigmoid, 19 translabyrinthine, 20 middle cranial
fossa, and 4 combined. The surgical procedures
indicated for a preoperative CSF drain were: (1)
posterior fossa approach to vestibular schwannomas;
(2) vestibular nerve sections; (3) vascular loop syn-
dromes such as trigeminal neuralgia and hemifacial
spasm; and (4) miscellaneous skull base tumors.
The posterior fossa approach utilized has
been well described by Silverstein and Rosenberg’
and Nadol and Schuknecht.® A craniectomy is
completed using the sigmoid sinus and transverse
sinus as the anterior and superior borders of the
dissection that creates a bony window, 3 X 3 cm in
size, down to the posterior fossa dura.
Prophylactic CSF drains were placed in the
operating room by the neurosurgical service after
the patients had been intubated. The patients were
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Figure 1
cranioplasty.

placed in the lateral decubitus position and after
obtaining clear fluid return, the catheter was
threaded into the CSF space and a Tegaderm™™
(3M, St. Paul, MN) occlusive dressing was placed
over the skin-catheter interface. The catheter sys-
tem was a standard lumbar drainage kit that in-
cluded a 14-gauge Touhy needle. After the catheter
was placed in the subarachnoid space it was clamped
until the craniectomy had been completed. The
CSF was allowed to have an outflow rate set by
gravity and fluid accumulated in a drip chamber and
then into a sterile collection system. Initially, 30 to
70 cc of CSF was drained prior to dural incision
depending on the turgidity of the posterior cranial
fossa dura. The drain was kept at bed level during
craniectomy, and after the CSF had been allowed to
drain it was reclamped for the remainder of the
operative procedure.

Wound Closure

In all patients, a watertight dural closure was
obtained whether closed primarily or with a dural
graft. Bone wax or muscle graft was placed in the
internal auditory canal if this bone was removed. All
dural suture lines were covered with CoStasis (Co-
hesion Technologies, Palo Alto, CA) fibrin glue.
Hydroxyapatite paste was used to obliterate the
mastoid air cells.” A cranioplasty was used to

(A) Titanium mesh covering dural defect. (B) Hydroxyapatite paste applied over titanium mesh to complete

reconstruct the normal contours of the skull with
hydroxyapatite paste over titanium mesh (Fig. 1). A
multiple-layer soft-tissue closure utilizing 3-0
Vicryl sutures subcutaneously and either skin staples
or 3—0 Prolene suture was used for skin approxima-
tion. A snug craniotomy dressing was placed over
the wound for 3 to 5 days postoperatively.

Postoperative Care

The head of the bed was elevated to 30 degrees
and the CSF drip chamber was placed at the top
of the patient’s shoulder in a level position. The
lumbar drain was kept open for 72 hours after
insertion and was clamped on postoperative day 3.
The drain was clamped for 24 hours and if no leak
occurred and the wound was flat, the drain was
removed. If a CSF percutaneuous leak or collec-
tion persisted, this technique was repeated at 24-
hour intervals.

Statistical Analysis

All statistical data were recorded in a Microsoft
Access™ database. The frequency and percent for
each of the variables were calculated in a standard
fashion. After calculating the cumulative frequency
and cumulative percent, p-values were obtained by
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comparing the proportions between groups using
the Fisher exact test.

RESULTS
Data

In the 72 patients with no preoperative CSF drain,
25 developed a postoperative CSF leak. This was an
incidence of 35% CSF leakage between 1989 and
1994. In patients treated with a preoperatively
placed CSF drain, 9 of 78 patients had a CSF
leak between the years of 1995 and 2000 for an
incidence of 12% (Fig. 2). The result was a 23%
lower incidence of postoperative CSF leakage in
patients treated with a prophylactic lumbar drain
compared with those without a drain. The use of a
lumbar drain significantly decreased the probability
of a CSF leak (p < 0.001).

Treatment of patients with a CSF leak that
did not receive a preoperative drain was accom-
plished by lumbar catheter insertion and lumbar
puncture. Of those 25 patients, 4 required surgery to
correct the underlying CSF leak and 1 patient
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Figure 2 Comparison of CSF leak with and without drain.

Table 2 Treatment of Postoperative CSF Leaks in
Patients without Preoperative Lumbar Drains (N = 25)

Treatment Number
Lumbar drain 20
Operation 4
Pressure dressing 1
responded with a pressure dressing alone

(Table 2). The management of the CSF leak in
those 9 patients who did receive a preoperative
lumbar drain was replacement of the lumbar cath-
eter drainage system (5) or multiple lumbar punc-
tures (4). No patient who received a preoperative
lumbar drain required surgical intervention to cor-
rect the underlying CSF leak (Table 3).

The comorbidities evaluated during the study
included diabetes, smoking, hypertension, and sleep
apnea. Sixty-nine (46%) patients had comorbidities.
The presence of comorbidities was similar for pa-
tients with and without lumbar drains. For all
patients combined, there was no association be-
tween presence of comorbidities and wound com-
plications (p=0.43). There was no apparent
association between the presence of comorbidities
and wound complications when analyzed separately
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Table 3 Treatment of Postoperative CSF Leaks in
Patients with Preoperative Lumbar Drains (N =9)

Treatment Number
Replacement of lumbar drain 5
Multiple lumbar punctures 4

for patients with (p =0.73) and without (p =0.32)

preoperative lumbar drain.

Complications

Two patients had postural headaches. No patients
had any nerve root injuries, major infections, or
other complications as a result of placement of the
lumbar catheter drain.

DISCUSSION

CSF fistulas occur as the result of an abnormal
communication between the subarachnoid space
and bone of the skull base along with the underlying
mucosa. CSF fistulas remain one of the most
common complications of the various skull base
approaches.

A wide range of CSF leakage rates have been
reported for posterior fossa surgery. Magliulo and
associates® reported a 17.6% CSF leak following
CPA tumor surgery, while Nutick and Korol
reported a 13% incidence following acoustic tumor
removal. Fishman et al,’ as well as Ruiz-Fornells
and colleagues,lo reported 17% and 15% CSF
leakage, respectively. At the opposite end of the
spectrum, Falcioni and coworkers'? reported a series
of 200 translabyrinthine approaches and several
CPA tumor removals with a zero incidence of
CSF leaks. This type of success has not been
reported elsewhere in the literature.

Many factors have been identified as poten-
tially increasing the rate of postoperative CSF
leakage. Two commonly established concepts cur-
rently accepted as contributing factors to the patho-

physiology of CSF leakage are poor dural closure
and advanced patient age.'>'* Other factors that
may contribute to an increased CSF leakage rate
include increased intracranial pressure either from
transient postoperative hydrocephalus, intraopera-
tive bone dust accumulation in the subarachnoid
space, size of the dural opening, aseptic meningitis,
abnormal CSF dynamics,"* or other comorbidities
such as patient nutritional status, smoking, diabetes,
or vascular disease.”® Surgical approaches that re-
move the internal auditory canal versus leaving it
intact may contribute to CSF leakage," but Becker
and colleagues*found the rates of CSF leakage after
translabyrinthine, middle fossa, and retrosigmoid
approaches not to be statistically significant.

Hoffman'® compared the surgical approach
used in CPA tumor removals and found there was
no significant difference in the rate of CSF leakage
when comparing the translabyrinthine and retro-
sigmoid approaches (21% versus 16%, respectively).
Becker and associates® reported that neither the
tumor size nor the surgical approach had an effect
on the rate of CSF leaks. The results showed a 10%
postoperative CSF leakage rate when using a trans-
labyrinthine, middle cranial fossa, or retrosigmoid
craniotomy approach. They placed lumbar drains in
nearly half of their study patients and included
lumbar drains as an integral step in their proposed
algorithms for both early and late postoperative
CSF leaks.

Prophylactic CSF drainage may decrease the
postoperative CSF leakage rate by several factors. It
can reduce the effect of a transient postoperative
hydrocephalus and also improve surgical exposure
by decompressing the posterior fossa, which allows
less cerebellar retraction to be used, thereby decreas-
ing rebound swelling of the cerebellum in the
posterior fossa.

There is a minimal risk associated with the
use of CSF lumbar drains. Roland and coworkers'”
reported a minimal complication rate from the
placement of the lumbar drain and alleviation of
all complications with removal of the drain. This
finding was confirmed by Grady et al,"® who dem-
onstrated that of 530 anesthetized patients with
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lumbar drains, there were no neurologic deficits and
a 2.5% incidence of postpuncture headache. There
is minimal risk associated with the placement of a
lumbar drain, and this was further confirmed in the
present study.

One of the limitations of the current study is
that it is retrospective. The retrospective nature of
this study allows for author bias and the lack of
prospective randomization. These weaknesses of a
retrospective review are lessened, and selection bias
eliminated, in the current analysis because the two
study arms were divided based on unacceptable CSF
leak rates. The two populations were divided based
on a given point in time rather than on operative
approach, age, or comorbidity. Finally, this study
does not account for those patients lost to follow-

up.

CONCLUSIONS

Routine implementation of lumbar drainage is not
commonly agreed upon as a means to reduce post-
operative CSF leakage rates.'” This study shows
that lumbar catheters are well tolerated when per-
formed preoperatively with no complications from
the placement of the lumbar drain. Lumbar drains
are a safe and well-tolerated adjunct to the various
watertight dural closures advocated.”>*' In this
study, there was a statistically significant lower
rate of postoperative CSF leakage in patients with
a preoperatively placed lumbar drain. The various
comorbidities investigated did not contribute to an
increased incidence of CSF leak. The only variable
identified to avoid the development of a postoper-
ative CSF leak was placement of a preoperative
lumbar catheter.
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Commentary

Bien and colleagues present a retrospective
analysis of preoperatively placed lumbar drains for

intra- and postoperative CSF drainage. They
conclude that lumbar drain placement dramati-
cally diminished rates of wound CSF leakage.
Although this study is limited by historical con-
trols and its retrospective nature, the utility of
CSF draining in the postoperative period deserves
emphasis in the literature. In our own experience,
we place lumbar drains preoperatively in nearly all
posterior fossa tumor or vascular cases for intra-
operative brain relaxation and postoperative
wound healing. Usually drains are maintained in
the intensive care unit (per our institution’s pro-
tocol) for 3 postoperative days and are removed
without a trial of closure. We agree that these
drains are well tolerated, with nearly absent com-
plication and infection rates. The theoretical risks
of delayed postoperative mobilization and addi-
tional site of infection have not been borne out in
our clinical experience. As a caveat to compulsive
lumbar drain usage, it is important to differentiate
preoperative obstructive hydrocephalus from tu-
mor or vascular lesion, in which case preoperative
ventriculostomy drain placement is the preferred

choice.

Louis J. Kim, M.D.!
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