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Abstract

The efficacy of spinal drain (SD) placement for cerebrospinal fluid (CSF) leakage prevention after the anterior transpetrosal
approach (ATPA) remains unclear. Thus, we aimed to assess whether postoperative SD placement improved postoperative
CSF leakage after a skull base reconstruction procedure using a small abdominal fat and pericranial flap and clarify whether
bed rest with postoperative SD placement increased the length of hospital stay. This retrospective cohort study included 48
patients who underwent primary surgery using ATPA between August 2011 and February 2022. All cases underwent SD
placement preoperatively. First, we evaluated the necessity of SD placement for CSF leakage prevention by comparing the
postoperative routine continuous SD placement period to a period in which the SD was removed immediately after surgery.
Second, the effects of different SD placement durations were evaluated to understand the adverse effects of SD placement
requiring bed rest. No patient with or without postoperative continuous SD placement developed CSF leakage. The median
postoperative time to first ambulation was 3 days shorter (P <0.05), and the length of hospital stay was 7 days shorter
(P <0.05) for patients who underwent SD removal immediately after surgery (2 and 12 days, respectively) than for those
who underwent SD removal on postoperative day 1 (5 and 19 days, respectively). This skull base reconstruction technique
was effective in preventing CSF leakage in patients undergoing ATPA, and postoperative SD placement was not necessary.
Removing the SD immediately after surgery can lead to earlier postoperative ambulation and shorter hospital stay by reduc-
ing medical complications and improving functional capacity.
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Introduction

Anterior transpetrosal approach (ATPA) is a standard sur-
gical approach for treating petroclival lesions [1-7]. How-
ever, 5.2% of patients who undergo ATPA may experience
cerebrospinal fluid (CSF) leakage as a complication [11].
Risk factors for postoperative CSF leakage related to ATPA
include the presence of air cells in the petrous apex, squa-
mous part of the temporal bone and direct tracts, and dif-
ficulty in achieving complete dura closure [31]. There is no
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existing research on CSF leakage in relation to skull base
reconstruction techniques using ATPA.

Postoperative CSF leakage can cause increased health-
care costs and extended hospital stays due to the need for
additional treatment [23, 34]. Spinal drain (SD) placement,
which requires bed rest, may prevent postoperative CSF
leakage after skull base surgery using the ATPA [9, 27, 28].
However, bed rest for >24 h increases the risk of medical
complications and muscle disuse atrophy [24, 35]. Further-
more, resultant short-term muscle disuse atrophy may result
in sarcopenia.

SD placement is performed during ATPA for two pur-
poses: reduce intracranial pressure and prevent intraopera-
tive brain contusion by draining CSF and prevent postop-
erative CSF leakage [8, 9, 22, 25, 37]. SD placement is
performed preoperatively in all cases, which has proved
useful in avoiding intraoperative brain injury. However,
the efficacy of postoperative continuous SD placement in
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preventing postoperative CSF leakage in patients undergoing
ATPA remains unknown. This study aimed to determine the
effectiveness of postoperative continuous SD placement in
preventing postoperative CSF leakage and examine whether
postoperative continuous SD placement requiring bed rest
increases the risk of medical complications, prolonged bed
rest time, and extended hospital stay.

Materials and methods
Study design

This retrospective cohort study was approved by the institu-
tional review board of our hospital (approval number HM21-
525), and an opt-out method was used for all potential study
participants.

Patient selection

The included patients underwent SD placement under gen-
eral anesthesia and skull base reconstruction using a small
abdominal fat and pericranial flap. All patients received anti-
biotics and thromboprophylaxis before surgery. Moreover, as
a standard institutional practice, patients were administered
1 g cefazolin intravenously twice daily for 24 h postopera-
tively. Postoperative rehabilitation was initiated 2 days after
surgery.

Study phases

This study included patients who underwent primary sur-
gery using ATPA between August 1, 2011, and February
28, 2022. No cases were excluded. All cases underwent SD
placement preoperatively. The average length of the follow-
up period was 1871.2 +1103.9 days in all 48 patients.

This study was conducted in two phases. First, we eval-
uated the efficacy of postoperative continuous SD place-
ment in CSF leakage prevention. The study period was
further divided: first, August 1, 2011, to January 31, 2013
(postoperative continuous SD placement was performed
routinely in six patients; the average length of the follow-
up period was 3062.3 + 1457.3 days.); second, February
1, 2013, to December 31, 2018 (27 patients: in 7 patients,
SD was removed immediately after surgery prior to the
waning of anesthesia, whereas in 20 patients, continuous
SD placement after surgery, the average length of the fol-
low-up period was 2202.5 +778.8 days.); and third, Janu-
ary 1, 2019, to February 28, 2022 (all 15 patients, the SD
was removed immediately after surgery before the waning
of anesthesia, the average length of the follow-up period
was 798.7 + 392 days). Furthermore, to avoid selection
bias (as the duration of SD placement was decided by
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surgeons), we stratified patients into two groups—rou-
tine drainage and immediate drain removal groups—to
investigate the necessity of postoperative continuous SD
placement.

In the second phase, all 48 patients underwent preop-
erative SD placement and were divided between studying
whether only 1 day of bed rest following SD placement
affects ambulation and muscle disuse: postoperative day
(POD) 0 (PODO0), POD1, and >POD2 groups, wherein the
SD was removed immediately after surgery before the wan-
ing of general anesthesia, 1 day postoperatively, and at least
2 days postoperatively, respectively.

CSF leakage was evaluated based on symptoms (postop-
erative rhinorrhea) and computed tomography (CT) findings
(increase or decrease in fluid collection in the antrum, mastoid
air cells, and tympanic cavity and presence/absence of pneu-
mocephalus on POD1 and POD7). Subsequently, we evalu-
ated the following parameters in the abovementioned groups.

First, we evaluated intraosseous air cell content (air cells
of the petrous apex, direct tracts, and unusual tract on preop-
erative CT), with or without fluid collection in the mastoid
antrum, mastoid air cells, and tympanic cavity on POD1
CT. Direct tract comprises air cells of the petrous apex and/
or squamous part of the temporal bone directly connected
to the antrum. The unusual tract is composed of air cells of
the petrous apex and squamous part of the temporal bone
directly connected to the tympanic cavity and attic of the
tympanic cavity. Both these tracts were associated with post-
operative CSF leakage.

Second, we evaluated the association of medical com-
plications with or without postoperative continuous SD
placement. Medical complications were defined based on
radiographic, culture, prescription, and hospital stay find-
ings. We recorded the presence/absence of medical com-
plications, including pulmonary, gastrointestinal, urinary
complications, and deep venous thrombosis.

Patients receiving laxatives were diagnosed with consti-
pation. The presence of deep venous thrombosis on ultra-
sonography was documented. Patients who required Foley
catheter reinsertion and/or medication prescription for uri-
nary disorders were considered to have a urinary complica-
tion. Urinary tract infection was defined as a positive urine
culture and the administration of antibiotics to the concerned
patients. Pulmonary complications were defined as new and
worsening oxygen requirements and/or chest radiography
showing signs of pneumonia. Finally, we evaluated whether
postoperative continuous SD placement requiring bed rest
prolonged the time to first ambulation and length of hos-
pital stay. Time to first ambulation was defined as the time
for a patient to begin walking independently after surgery.
Length of hospital stay was defined as the duration until
discharge after surgery. All patients were discharged after
suture removal.
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Statistical analysis

All quantified data except age are expressed as median
values (25th percentile value, 75th percentile value). Age
is expressed as mean =+ standard deviation. Comparisons
between the two stratified and three classified groups
were performed using the Mann—Whitney U and the
Kruskal-Wallis tests, respectively. Thereafter, the Dun-
nett test was performed to perform multiple comparisons.
All statistical analyses were performed using GraphPad
Prism (GraphPad Software Inc, San Diego, CA, USA),
and P-values < 0.05 were considered to indicate statisti-
cal significance.

Skull base reconstruction technique

This skull base reconstruction technique is indicated for
evacuating petroclival meningioma, which has attach-
ments from the clivus and petrous apex to the tentorium
cerebelli (Fig. 1a). For tumor evacuation, Kawase’s triangle
was drilled, the middle cranial fossa dura was cut, and the
tentorium cerebelli and posterior fossa dura were removed.
Furthermore, air cells of the petrous apex and squamous
part of the temporal bone were opened (Fig. 1b). In the first
step, an oxidized cellulose sheet for hemostasis was placed
on the defected posterior fossa dura to prevent abdominal
fat from dropping into the posterior fossa space. Next, the

o
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/

Fig. 1 Schematic of the dura closure method using anterior trans-
petrosal approach (ATPA). This schema is a coronal section of a
petrous apex lesion. The green line indicates the dura. The orange
line indicates the superficial temporal fascia and pericranium mem-
brane. a The tumor is located in the petroclival region and extends
to the supratentorium over the cerebrum tentorium. b The tumor was
removed using the ATPA. The petrous apex bone (Kawase’s triangle)
was drilled out, the middle cranial fossa dura was cut, and the pos-
terior fossa dura and cerebrum tentorium were cut and/or removed.
The air cells of the petrous apex and squamous part of the temporal

Suture site

A~

bone were opened (red air cell). ¢ The oxidized cellulose sheet for
hemostasis was positioned on the defect in the posterior fossa dura to
prevent migration of the abdominal fat into the posterior fossa space.
Next, we plugged the small abdominal fat into the opened air cells in
the petrous apex and the squamous part of the temporal bone. Fur-
thermore, we placed the small abdominal fat graft on the opened air
cells of the petrous apex and squamous part of the temporal bone. d
The pericranial flap was laid on the petrous apex defect, and the mid-
dle cranial fossa dura was sutured
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abdominal fat was plugged into the opened air cells of the
petrous apex and squamous part of the temporal bone, if
possible. This abdominal fat was applied using thrombin and
fibrin solutions of exogenous fibrin glue (Fig. 1c). Finally,
a pericranial flap was laid on the defected petrous apex and
sutured on the middle cranial fossa dura. The space between
the subarachnoid space and intraosseous air cells was com-
pletely separated to prevent CSF leakage into the nasal cav-
ity via the Eustachian tube. Moreover, the space between the
subarachnoid and epidural spaces was separated to prevent
CSF leakage into the epidural subcutaneous space (Fig. 1d).

Results
Operative example (Video 1)
A 54-year-old woman presented with trigeminal neuralgia.

Brain magnetic resonance imaging showed a mass centered
at the left Meckel’s cave and progressing into the tentorium

cerebelli, petrous apex, and clivus (Fig. 2a, b). Preoperative
CT showed well-developed petrous apex air cells (Fig. 2c).
Postoperative CT showed pneumocephalus and slight fluid
collection in the mastoid air cells but no abdominal fat
migration into the posterior fossa (Fig. 2d). Seven-day post-
operative CT showed decreased pneumocephalus volume
and no increase in fluid collection in the mastoid air cells
(Fig. 2e). Postoperative patient course was good; trigeminal
neuralgia improved without rhinorrhea occurrence.

Study findings

This study included 48 patients (men: 13, mean age:
52.9+14.1 years) who underwent primary surgery using ATPA
between August 1, 2011, and February 28, 2022. The 48 patients
included 41, 3,2, 1, and 1 patient with meningioma, trigeminal
schwannoma, epidermoid, trigeminal cavernous angioma, and
pontine cavernous angioma, respectively. No patient developed
CSF leakage, postoperative meningitis, or wound infection.
Moreover, there was no brain retraction-related contusion in the

Fig.2 Illustrative case. Left petroapex menigioma. a Preoperative
MRI CISS image. b Preoperative enhanced T1-MRI. ¢ Preoperative
CT bone image. Petrous apex air cells are well developed. d Postoper-
ative day (POD) 1 CT bone image. Pneumocephalus of the posterior
fossa is present. Abdominal fat has not migrated into the posterior
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fossa. e POD7 CT bone image. The pneumocephalus of the posterior
fossa is not present anymore. The fluid collection in the mastoid air
cells did not increase compared with that observed in the POD1 CT
bone image. MRI, magnetic resonance imaging; CISS, constructive
interference in steady state; CT, computed tomography
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lower aspect of the temporal lobe. No patient showed abdomi-
nal fat migration into the posterior fossa. All patients had stable,
independent gait before discharge.

Evaluations based on the time of surgery

Duration of postoperative continuous SD placement ranged
from 2 to 4 days (median 3 days) in the routine drainage group
with six patients (Table 1). The immediate drain removal
group had 15 patients, i.e., 21 patients in both groups. There
was no significant between-group difference in preoperative
intraosseous air cell contents, postoperative fluid collection in
the intraosseous air cells on POD1, and occurrence of medical
complications. The time to first ambulation was 5 and 2 days
(P=0.0024), and postoperative lengths of hospital stay were
18 and 12 days (P=0.028) (Fig. 3) in the routine drainage and
immediate drain removal groups, respectively.

Evaluations based on the duration of postoperative
SD placement

The PODO, POD1, and > POD2 groups included 13, 19, and
16 patients, respectively (Table 2). There was no significant
difference among them in preoperative intraosseous air cell
contents, postoperative fluid collection in intraosseous air
cells on PODI1, and occurrence of medical complications.

There was no significant difference in the occurrence of
medical complications.

In the PODO, POD1, and >POD2 groups, the time to first
ambulation was 2, 5, and 5 days (P=0.0012), and postoperative
length of hospital stay was 12, 19, and 21.5 days (P=0.0037),
respectively. There were significant differences in the time to the
first ambulation between the POD0 and POD1 groups (P <0.05)
and between the PODO and > POD?2 groups (P <0.01). Further-
more, there were significant differences in length of hospital stay
between the POD0 and POD1 groups (P <0.05) and between the
PODO and >POD?2 groups (P <0.01) (Fig. 4).

Discussion

Our study findings were in line with our hypothesis that the
absence of postoperative continuous SD placement does not
increase the incidence of postoperative CSF leakage and
contributed to reduced postoperative time to first ambula-
tion and length of hospital stay. Preventive postoperative
continuous SD placement is not required for these patients.

Necessity of postoperative SD placement
The efficacy of SD placement after skull base surgery in CSF

leakage prevention has been reported in patients who under-
went craniotomy[9, 12] and endonasal surgery [17, 32, 38].

Table 1 Intergroup comparison between routine drainage and drain removal immediately after surgery

Routine drainage Immediate drain removal Total P-value
Period 2011/8-2013/1 2019/1-2022/2
Number of cases 6 15 21
Duration of drainage (days) 3[3] 0
Postoperative drainage Yes No
Average age (years) 57.6+7.1 50.9+12.3 529+114 0.29
Female sex 4 (66.7) 12 (80) 16 (76.1) 0.56
Postoperative CSF leakage 0 0 0
Intraosseous air cells Petrous apex air cells 1(16.7) 8 (53.3) 9 (42.9) 0.15
Direct tract 2 (33.3) 2 (13.3) 4(19) 0.33
Unusual tract 1(16.7) 7 (46.7) 8 (38) 0.28
Fluid collection in 1 POD CT Mastoid antrum 1(16.7) 1(6.7) 2(9.5) 0.54
Mastoid air cells 6 (100) 11 (73.3) 17 (81) 0.19
Tympanic cavity 1(16.7) 1(6.7) 2(9.5) 0.54
Complications Total 1(16.7) 2(13.3) 3(14.3) 0.90
Constipation 1 1 2
Urinary tract infection 0 1 1
Days after surgery Time to first ambulation 515, 6] 22, 3] 312,5] 0.0024
Length of hospital stay 18 [15, 21.75] 12 [11, 13.5] 13 [11, 17] 0.028

Values represent the number of female patients (%) unless stated otherwise

Quantified data of time to first ambulation and length of hospital stay are expressed as median values [25% tile value, 75% tile value]

CSF cerebrospinal fluid, POD postoperative day, CT computed tomography
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Fig.3 Graphs comparing the two groups. a Duration until “time to the first ambulation.” b Length of hospital stay. GIDR, group of immediate
drain removal; GRD, group of routine drainage

Table 2 Comparison of the postoperative duration of SD placement

Time of drain removal 0 POD 1 POD >2 POD Total P-value
Number of cases 13 19 16 48
Average age (years) 53+10.9 53.1+13.5 52.6+17.5 529+ 14 0.84
Female sex 10 (76.9) 16 (84.2) 9 (56.3) 35(73) 0.21
Postoperative CSF leakage 0 0 0 0
Intraosseous air cells Petrous apex air cells 7 (54) 6(31.6) 6(37.5) 19 (39.6) 0.45
Direct tract 2(15.4) 3(15.8) 6 (37.5) 11 (22.9) 0.24
Unusual tract 5(38.5) 5(26.3) 1(6.3) 11 (22.9) 0.04
Fluid collection in 1 POD CT Mastoid antrum 1(7.7) 1(5.3) 3(18.8) 5(10.4) 0.4
Mastoid air cells 10 (76.9) 13 (68.4) 13 (81.3) 36 (75) 0.68
Tympanic cavity 1(7.7) 0 3(18.8) 4(8.3) 0.14
Complications Total (cases) 1(7.7) 6(31.6) 4(25) 11 (22.9) 0.29
Constipation 1 4 1
Dysuria 1
Urinary tract infection 1
Both constipation and 3
urinary tract infection
Days after surgery Time to first ambulation 21[2,3] 53, 6] 51[4.5,6.5] 412,6] 0.0012

Length of hospital stay 12 [11, 14] 19 [12, 28.5] 21.5[15,25.3] 17.5[12, 25] 0.0037

Values represent the number of female patients (%) unless stated otherwise
Quantified data of time to first ambulation and length of hospital stay are expressed as median values [25% tile value, 75% tile value]
CSF cerebrospinal fluid, POD postoperative day, CT computed tomography, SD spinal drain

In the > POD2 group, four patients developed medical complications, three of whom had both constipation and urinary tract infections, whereas
one patient had only constipation
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Fig.4 Graphs comparing the two groups in terms of the postoperative duration of SD placement. a Duration until “time to first ambulation”
(*P<0.05, ¥*P<0.01). b Length of hospital stay (*P <0.05, **P <0.01). POD, postoperative day

However, postoperative continuous SD placement to prevent
CSF leakage is not required in all skull base surgeries.

A study reported the necessity of SD placement for
patients with spontaneous CSF leakage exhibiting high
intracranial pressure [20]. Furthermore, a meta-analysis high-
lighted that SD placement is necessary to prevent postopera-
tive CSF leakage in patients undergoing endonasal skull base
surgery with a dura defect sized> 1 cm? and high-flow CSF
leak [38]. In patients who underwent ATPA, it was unclear
whether intracranial pressure was high or low; however, the
dura defect size was> 1 cm® with a high-flow CSF leak post-
operatively. Since none of the patients in the present study
experienced CSF leakage, it may be reasonable to consider
that plugging the abdominal fat into opened air cells is a
useful way of managing high-flow CSF leak and laying a
pericranial flap from the defect in the posterior fossa dura to
the cut middle cranial fossa is effective in managing dural
defects with areas > 1 cm?. In the translabyrinthine approach,
plugging by direct abdominal fat strip insertion is more effec-
tive than using fascia lata in CSF leakage prevention [15].
In ATPA, the abdominal fat strip is oversized; since the
opened air cells of the petrous apex are deep, it is difficult
to insert the fat strip into the opened air cells under direct
vision. Using small abdominal fat is beneficial because of its
plasticity, as it can be plugged into opened air cells without
disturbing the visibility of the deep operative field. Although

the size of the abdominal fat used depends on the size of the
opened air cells, we used < 1-cm-diameter fat. Instead of cre-
ating dura and tentorium cerebelli defects, the flap provides
clear divisions of the subdural and epidural spaces.

Although free abdominal fat is avascular, no patient in
this study developed an infection of the free abdominal fat
and vascularized pericranial flap because the abdominal fat
was harvested just before use and was sufficiently rinsed
with saline.

Challenges with postoperative bed rest after SD
placement

SD placement requiring bed rest reportedly lasts mostly
between 4 and 5 days without exceeding 1 week [8, 9].
However, reports revealed that the average length of hos-
pital stay was shorter in patients with bed rest <24 h than
in those with bed rest > 24 h [26, 35]. In the present study,
the postoperative time to first ambulation and length of
hospital stay were 3 and 6 days longer, respectively, in the
routine drainage group than in the immediate drain removal
group, although the median duration of SD placement was
3 days. The median postoperative time to first ambulation
and length of hospital stay were 3 and 7 days longer in the
POD1 group than in the PODO group, although SD was
placed only 1 day longer.
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Medical complications

Verma et al. examined 361 patients who underwent spinal
surgery and reported a significant increase in the occurrence
of wound complications, ileus, urinary retention, urinary
tract infections, pulmonary complications, and altered men-
tal status in patients who had flat bed rest for > 24 h owing
to incidental durotomy compared with those who had bed
rest for <24 h. Moreover, the mean length of hospital stay
for patients with bed rest for <24 h and those with bed rest
for>24 h was 4.47 +3.64 and 7.24 +4.23 days, respectively
[35]. Studies have reported that bed rest for > 24 h prolongs
hospital stay with [24, 35] or without medical complica-
tions [16].

In our study, one (16.7%) and two (13.3%) patients
developed medical complications in the routine drain-
age and immediate drain removal groups, respectively.
One (1/13, 7.7%), six (6/19, 31.6%), and four (4/16,
25%) patients developed medical complications in the
PODO, POD1, and > POD2 groups, respectively, which
was not statistically significant. All patients with consti-
pation were treated using aperients, whereas those with
urinary tract infections were treated using oral antibiot-
ics; patients with dysuria did not require urinary cath-
eter replacement. These medical complications are under
grade 2 of the Common Terminology Criteria for Adverse
Events. Three patients had both constipation and urinary
tract infections in the > POD2 group. The presence of
medical complications seemed to prolong the length of
hospital stay.

Low functional capacity

Dirks et al. reported that 1-week bed rest led to mus-
cle atrophy even in healthy young men (mean age:
23 + 1 years) [14], although a 1-day bed rest can maintain
muscle volume [13]. A study of skeletal muscle homeo-
stasis revealed that signaling pathways associated with
muscle atrophy are activated in the initial phase of muscle
disuse, which consequently leads to a rapid initial atrophy
response within 1-4 days [30]. Furthermore, short-term
(5 days) hospitalization without bed rest reduces functional
capacity in terms of upper limb muscle strength, spinal
and trunk mobility, respiratory function, and submaximal
exercise tolerance [29]. The mean age in our study was
higher (52.9 + 14.1 years) than that previously reported.
Patients with impaired functional capacity need more time
to recover than healthy young men. Previous and current
study findings suggest that early postoperative ambulation
is useful in preventing the development of muscle atrophy,
disuse, and sarcopenia in the future.
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Suitability of craniotomy or endoscopic endonasal
surgery for petroclival lesion treatment

The technical advancement of the endoscopic endonasal
approach (EEA) makes it more effective for treating hard
and tough skull base lesions. Studies have reported the use
of the EEA in the cadaveric anatomical study of petroclival
lesions [10, 18, 19, 21, 33]. However, the surgical approach
to petroclival lesions cannot be generalized for every
patient. Extradural lesions, including bone lesions, are more
suitably operated using EEA. However, subdural lesions,
such as petroclival meningioma, require the removal of the
attachment between the dura and tentorium cerebelli to pre-
vent recurrence; hence, a transpetrosal approach, including
ATPA, is more suitable. In a meta-analysis of the efficacy
of postoperative SD placement for CSF leakage prevention
in patients undergoing endoscopic endonasal skull base sur-
gery, the rates of CSF leakage were 8.2% and 21.2% with
and without SD placement, respectively [38]. These results
suggest that ATPA is the best operative approach for sub-
dural petroclival lesions, in addition to its efficacy in CSF
leakage prevention.

Limitations

Our study is limited by its retrospective design and single-
center nature. However, we separately analyzed data based
on the time of surgery and duration of postoperative SD
placement to exclude selection bias, as SD placement was
performed at the discretion of surgeons. Both analyses
produced similar results. In this retrospective study, some
phases cannot be excluded entirely from selection bias, even
though the study was performed carefully. This may lay the
groundwork for further prospective research initiatives.

Conclusions

CSF leakage prevention does not depend on postoperative
continuous SD placement, and the incidence of CSF leakage
was low in patients who underwent the ATPA using small
abdominal fat and pericranial flap. Postoperative continuous
SD placement requiring bed rest prolonged the length of
hospital stay. In ATPA, we recommend SD removal immedi-
ately after surgery to avoid postoperative medical complica-
tions and low functional capacity.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10143-023-02045-w.
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