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Objective : Cerebrospinal fluid leakage related complications (CLC) occasionally occur after intradural spinal surgery. We sought to
investigate the effectiveness of early ambulation after intradural spinal surgery and analyze the risk factors for CLC.

Methods : For this retrospective cohort study, we enrolled 314 patients who underwent intradural spinal surgery at a single
institution. The early group contained 79 patients who started ambulation after 1 day of bedrest without position restrictions, while
the late group consisted of 235 patients who started ambulation after at least 3 days of bed rest and were limited to the prone
position after surgery. In the early group, Prolene 6—0 was used as the dura suture material, while black silk 5-0 was used as the
dura suture material in the late group.

Results : The overall incidence rate of CLC was 10.8%. Significant differences between the early and late groups were identified
in the rate of CLC (2.5% vs. 13.6%), surgical repair required (1.3% vs. 7.7%), and length of hospital stay (2.99 vs. 9.29 days) (p<0.05).
Logistic regression analysis revealed that CLC was associated with practices specific to the late group (p=0.011) and the revision
surgery (p=0.022).

Conclusion : Using Prolene 6-0 as a dura suture material for intradural spinal surgery resulted in lower CLC rates compared to
black silk 5-0 sutures despite a shorter bed rest period. Our findings revealed that suture - needle ratio related to dura defect was
the most critical factor for CLC. One-day ambulation after primary dura closure using Prolene 6-0 sutures appears to be a cost-
effective and safe strategy for intradural spinal surgery.
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INTRODUCTION (CLC) occur after intradural spinal surgery at an incidence

7,14,15,23,

rate that ranges from 1.5% to 13% . Postoperative CSF

Cerebrospinal fluid (CSF) leakage related complications leakage often requires secondary interventions, and CLC after
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spinal surgery constitute a major source of patient morbidity
and economic burden”. In some cases, wound healing is de-
layed due to pseudomeningocele or durocutaneous fistulas,
which may require re-operation. CLC may also extend the
duration of the inpatient postoperative care period. Prolonged
bed rest decreases the CSF pressure at the site of the durotomy,
thereby reducing the flow of CSF through the dural defect and
potentially reducing these complications™*”. However, there is
insufficient evidence from which to form a consensus among
spinal surgeons. Moreover, complications of bed rest in the
prone position, such as thromboembolism, should not be
overlooked"*”.

Although there are a number of risk factors that may con-
tribute to the occurrence of CLC, they are not well defined”.
A watertight closure and proper suture material are critical
factors for an effective intraoperative management strategy”.
In one large scale study, a 98.2% success rate was obtained us-
ing 5-0 silk sutures for a dura tear'”. In contrast, 6-0 Prolene
demonstrated the best results for watertight closure in recent
experimental research on the hydrostatic strength of dural re-
pairs using various suture sizes"’.

So far, there have been no direct comparative clinical studies
of postoperative bed rest periods and respective suture materi-
als in a single-center setting. In the present study, we evaluated
the efficacy of postoperative 1-day ambulation compared to a
more extended bed rest period as a routine postoperative care
protocol following intradural spinal surgery. We furthermore

investigated the risk factors for the occurrence of CLC.

MATERIALS AND METHODS

This study received approval from the Institutional Review
Board of Asan Medical Center (IRB approval No. AMC IRB
2020-0711).

Study design

We conducted a retrospective cohort study to evaluate the
effects of dura suture material and postoperative bed rest after
intradural spinal surgery. The patients were divided into an
early ambulation (early) group, comprising patients who start
ambulation on the first day after surgery, and a late ambula-
tion (late) group, comprising patients who start ambulation

on the third day after surgery or later, depending on wound
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status. In the early group, polypropylene 6—0 Prolene sutures
with a 9.3 mm 3/8c round bodied needle (Ethicon Inc.,
Somerville, NJ, USA) were used as the dural suture material.
Patients who had surgery between March 2018 and December
2019 were included in this group. In the late group, braided
non-absorbable 5-0 black silk sutures with a 10 mm 3/8c
round bodied needle (Ailee, Busan, Korea) were used as the
dural suture material. Patients who had surgery between Janu-
ary 2012 and December 2018 were included in this group.
Clinical characteristics, pathology, surgical outcomes, CLC,

and surgical repair rate were compared between the groups.

Study participants and data collection

We reviewed all patients who underwent intradural spinal
surgery in Asan Medical Center between January 2012 and
December 2019. The inclusion criteria were as follows : 1) pa-
tients with intradural tumors or vascular malformations; 2)
patients who underwent posterior midline approach and du-
rotomy after laminectomy or laminotomy; 3) patients in
whom primary dura closure was performed; and 4) those with
a follow-up period =6 months. Patients who had surgery due
to trauma or infectious causes, extradural lesions, or who had
undergone additional anterior surgical procedures, duroplas-
ty, or incomplete dura closure, as well as patients who had
simple surgical site infections without CSF leaks were exclud-
ed. Operations on patients included in the early group were
performed by a junior surgeon (name-blinded) and operations
on patients in the late group were performed by a senior sur-
geon (name-blinded). Patients attended a postoperative out-
patient clinic at 1 month (or earlier if necessary) and 6 months
post-surgery for assessment of clinical symptoms and wound
status follow-up.

Clinical data were obtained from our institutional electron-
ic medical records. Patient age, sex, body mass index, smok-
ing, diabetes mellitus, antiplatelet or anticoagulation agent
status, pathologic diagnosis, location, revisional skin incision,
and durotomy associated with a previous scar or first surgery
were recorded. To evaluate the surgical outcomes and compli-
cations after surgery, we also recorded data on the perfor-
mance and level of laminectomy or laminotomy, postopera-

tive hospital days, bedrest days, and McCormick grade.
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Fig. 1. Intraoperative microscopic image of dura closure performed using running locked suture technique. Prolene 6-0 suture was used for the early
group patients (A); black silk 5-0 suture was used for the late group patients (B).

Table 1. Patient demographics and clinical characteristics

Variable Early group (n=79) Late group (n=235) Total p-value
Age (years)* 55.62+16.13 50.70+14.71 0.013
Sex, male : female 36:43 95:140 0422
Body mass index (kg/m?) 24.67+3.57 24.34+395 0.509
Smoking 11 (13.9) 55 (234) 0.074
Diabetes mellitus 7(89) 30(12.8) 0352
Antiplatelet or anticoagulant 2(2.5) 10 (4.3) 0.737
Revision 5(6.3) 9(3.8) 0352
Intramedullary/extramedullary* 18/61 (22.8) 29/206 (12.3) 0.024
Location 0.964

Cervical 26 (32.9) 64 (27.2) 90 (28.7)

Cervico-thoracic junction 3(3.8) 13 (5.5) 16 (5.1)

Thoracic 23(29.1) 71(30.2) 94 (29.9)

Thoraco-lumbar junction 5(6.3) 16 (6.8) 21(6.7)

Lumbar 21(26.6) 67 (28.5) 88 (28.0)

Sacral 1(1.3) 4(1.7) 5(1.6)
Pathology 0.552

Ependymoma 4 (5.1) 21(8.9) 25 (8.0)

Astrocytoma 2(2.5) 2(0.9) 4(1.3)

Hemangioblastoma 4(5.1) 12(5.0) 16 (5.1)

Meningioma 14.(17.7) 43 (18.3) 57 (18.2)

Neurofibroma 1(1.3) 4(1.7) 5(1.6)

Schwannoma 42(53.2) 132 (56.2) 174 (55.4)

Vascular malformation 5(6.3) 6 (2.6) 11 (3.5)

Myxopapillary ependymoma 1(1.3) 5(2.1) 6(1.9)

Others 6 (7.6) 10 (4.3) 16 (5.1)

Values are presented as mean-+standard deviation or number (%) unless otherwise indicated. *Statistically significant difference (p<0.05)

J Korean Neurosurg Soc 64 (5) : 799-807 801



J Korean Neurosurg Soc 64 | September 2021

Surgical technique and postoperative manage-
ment

Dura closures were all performed using a running locked
suture technique (Fig. 1). The throws were approximately 1 to
2 mm apart and these were tied with a surgeon’s knot at each
end under microscopic magnification using microsurgical in-
struments (Castroviejo needle holders, Gerald tissue forceps).
Following completion of the dura closure, a Valsalva maneu-
ver was used to check for CSF leakage, and the fibrin sealant
patch (TachoSil, Baxter, CA, USA) was applied. There was an

intentional effort to perform laminotomy to the maximum
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Fig. 2. Early group patients were discharged significantly faster
(postoperative 2.99 days vs. 9.29 days, p<0.001), they started ambulation
earlier after sit up (postoperative 1.06 days vs. 3.25 days, p<0.001).
Despite the shorter duration of the early group’s hospital stay, the overall
CLC rate was low. CLC : cerebrospinal fluid leakage related complications.

Table 2. Surgical outcomes and complications

possible extent on patients in the early group. Laminoplasties
were performed using Lorenz Plating System Neuro Implants
(Biomet, Jacksonville, FL, USA) or Centerpiece Hinge plates
(Medtronic, Memphis, TN, USA). No patient in this study re-
ceived the placement of a subfascial wound drain. The muscle
fascia was closed as tightly as possible using 1-0 Vicryl sutures
(Ethicon Inc.).

Early group patients routinely started walking on the first
day after surgery, and tolerable ambulation was maintained
when symptoms such as hypotensive headache occurred. Late
group patients routinely stayed on bedrest in the prone posi-
tion for 3 days, with daily monitoring of the condition of the
wound. In cases where fluid collection or wound bulging was
observed, the bed rest period was prolonged. In the late group
only, a lumbar drain was considered when CSF leakage oc-

curred or when a definite pseudomeningocele was present.

Statistical analysis

Variables between the early and late groups were compared
using an independent t-test, Mann-Whitney U test, and chi-
squared test. To adjust for confounding variables, a multivari-
ate logistic regression analysis was performed on the risk fac-
tors associated with CLC that were identified as significant in
a simple logistic regression analysis. The odds ratios (ORs) of
the risk factors were obtained using the chi-squared test. All

data management and statistical analyses were performed us-

Variable Early group (n=79) Late group (n=235) p-value
Surgical level 2.05+1.11 2.01+0.98 0.750
Laminectomy/laminotomy* 9(11.4)/70 (83.6) 115 (48.9)/120 (51.1) <0.001
In hospital post op care (POD)* 2.99+1.74 9.29+6.73 <0.001
Post op sit up (POD)* 1.06+0.49 3.25+1.81 <0.001
Pre-McCormick grade* 2.1141.00 146+0.71 <0.001
Post McCormick grade 1.62+0.79 1.78+0.74 0.094
PTE&DVT 0(0.0) 2(09) 1.000
lleus* 1(13) 20 (8.6) 0.025
Hypotensive headache 6(7.6) 2189 0713
CSF leak related complication* (pseudomeningocele, fistula) 2(2.5) 32(13.6) 0.006
Lumbar drain insertion 0(0.0) 10 (4.3) 0.062
Additional revision surgery* (dura repair and wound revision) 1(1.3) 18 (7.7) 0.039

Values are presented as mean+standard deviation or number (%) unless otherwise indicated. *Statistically significant difference (p<0.05). POD :
postoperative day, PTE : pulmonary thromboembolism, DVT : deep vein thrombosis, CSF : cerebrospinal fluid
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ing SPSS software (version 20.0; IBM Corporation, Armonk,
NY, USA). A p-value <0.05 was considered significant.

RESULTS

Patient demographics and clinical characteristics

There were no differences in sex, smoking, diabetes melli-
tus, use of anticoagulants or antiplatelet agents, revision sur-
geries (when approaching through the previous wound), or
distribution of surgical location. The average age was signifi-
cantly higher in the early group (55.62 vs. 50.70 years,
p=0.013), as was the rate of intramedullary lesions (22.8% vs.
12.3%, p=0.024). Intradural lesions consisted of tumors and
vascular malformations (cavernoma, arteriovenous fistula),
and did not differ significantly between the two groups.
Schwannomas (55.4%) were the most common, followed by

meningiomas and ependymomas (Table 1).

Surgical outcomes and complication

The range of surgical levels did not differ between the two
groups, and laminoplastic laminotomy was performed at a
higher rate in the early group patients than in the late group
patients (88.6% vs. 51.1%, p<0.001). Patients in the early group
were discharged significantly faster (postoperative 2.99 days
vs. 9.29 days, p<0.001). They also achieved ambulation earlier
after sitting up (postoperative 1.06 days vs. 3.25 days, p<0.001)
(Fig. 2).

Since most of the diseases included in this study were spinal
cord tumors, we utilized the McCormick grade for the com-
parison of neurologic outcomes. The early group demonstrat-
ed a higher grade prior to surgery (2.11 vs. 1.46, p<0.001), but
there was no significant difference between the two groups af-
ter surgery (1.62 vs. 1.78, p=0.094).

Ileus is a complication that may occur in relation to bed rest
after surgery. In the early group, the rate of ileus was signifi-
cantly lower compared to the late group (1.3% vs. 8.6%,
p=0.025). The rate of fatal complications such as pulmonary
thromboembolism and deep vein thrombosis did not differ
significantly between groups. There were two cases in the late
group and no cases in the early group. There was also no dif-
ference in the frequency of hypotensive headache, one of the
symptoms of CSF leakage (7.6% vs. 8.9%, p=0.713). CLC in-

cluding symptomatic pseudomeningocele, durocutaneous fis-
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tula, and wound dehiscence with oozing were significantly re-
duced in the early group (2.5% vs. 13.6%, p=0.006). In the late

group, 10 patients had a lumbar drain after surgery, while

Table 3. Univariate logistic regression analysis of risk factors for CLC

OR 95% Cl p-value
Age 1.004 0.980-1.028 0.745
Sex, male 1.663 0.814-3.397 0.163
Ist assistant, fellows 0.052
A 1.000
B 2.042 0.771-5408 0.151
C 0.868 0.239-3.152 0.829
D 0.000 0.000-0.000 0.999
E 0.556 0.171-1.800 0.327
F 0120 0.014-0.991 0.049
G 0.000 0.000-0.000 0.997
H 0.260 0.053-1.286 0.099
Group, late* 6.069 1.420-25.936 0.015
Post op sit up (POD)* 1.570 1.300-1.897 <0.001
Revision case, yes* 3.600 1.064-12.186 0.039
Intramedullary, yes 1.249 0.487-3.204 0.643
Surgical level 0.980
1 (n=105) 1.000
2 (n=140) 1181 0.528-2.641 0.685
3 (n=40) 0.693 0.183-2.625 0.589
4 (n=20) 0.949 0.194-4.650 0.949
5 (n=38) 1.221 0.137-10.869 0.858
7 (n=1) 0.000 0.000-0.000 1.000
Location 0.223
Cervical 1.000

Cervico-thoracic junction 4.091 1.153-14.446 0.029

Thoracic 0.837 0.308-2.275 0.728
Thoraco-lumbar junction 0.947 0.189-4.747 0948
Lumbar 1.025 0.387-2.717 0.960
Sacral 2.250 0.226-22.374 0489
Laminectomy, yes 1.847 0.903-3.777 0.093
BMI 1.042 0951-1.142 0.377
Diabetes mellitus, yes 2.160 0.867-5.386 0.098
Smoking, yes 1957 0.900-4.254 0.090
Antiplatelet or 2914 0.749-11.336 0.123

anticoagulation agent, yes

*Statistically significant difference (p<0.05). CLC : cerebrospinal fluid
leakage related complications, OR : odds ratio, Cl : confidence interval,
POD : postoperative day, BMI : body mass index
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Table 4. Multivariate logistic regression analysis of risk factors for CLC

Multivariate analysis
OR 95% Cl
Group, late* 6.703 1.540-29.176 0.011
Revision case, yes* 4537 1.246-16.523 0.022

*Statistically significant difference (p<0.05); factors with p<0.100 in
univariate logistic regression analysis were entered and backward
elimination (Likelihood ratio) method was used. CLC : cerebrospinal fluid
leakage related complications, OR : odds ratio, Cl : confidence interval

p-value

there were no cases in the early group that required a lumbar
drain. Despite meticulous conservative treatment and close
observation, one patient (1.3%) in the early group underwent
additional repair surgery due to worsening progression, com-
pared to 18 patients (7.7%) in the late group, a difference that
was statistically significant (p=0.039) (Table 2).

Risk factors of CLC

In simple logistic regression analysis, an increased incidence
of postoperative CLC was significantly associated with the late
group (p=0.015), as well as day of postoperative sit-up
(p<0.001), and re-operation (p=0.039) (Table 3). Assignment
to the late group (p=0.011) and revision surgery (p=0.022) re-
mained significant risk factors for postoperative CLC follow-

ing multivariate analysis (Table 4).

DISCUSSION

This study sought to investigate the efficacy of routine 1-day
ambulation after intradural spinal surgery. We compared two
groups that differed in the suture material used for dural clo-
sure and in strategies for postoperative care, according to the
policies of each surgeon.

Patient positioning after a durotomy remains controversial.
Conventional wisdom suggests that positioning the patient in
the prone position after intradural surgery will decrease the
CSF pressure at the site of the durotomy, thereby decreasing
the flow of CSF through the dural defect”. In patients with
symptoms such as postural headache, several studies have re-
ported that CLC could be prevented by limiting the patient to
the prone position for several days after lumbar duroto-
my'”"****YHowever, there have also been reports that a short-

ened or even absent bed rest period is not associated with infe-
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. 13,19,22
rior outcomes

. Prolonged bed rest causes multiple
complications and increases medical expenses”. Therefore,
early ambulation could prove beneficial; however, more evi-
dence is required. In the cohort presented here, two of the late
group patients had pulmonary thromboembolism and deep
vein thrombosis. In addition, the incidence of ileus was signif-
icantly higher in the late group. In contrast, early group pa-
tients had significantly shorter hospital stays after surgery.
Therefore, our findings demonstrate that early ambulation af-
ter primary dura closure with Prolene 6—0 sutures could result
in reduced health care costs (Fig. 2).

In the present study, the overall incidence of CLC after in-
tradural tumor surgery was 8.39%. While we had expected
that the CLC rate of the early group would not be inferior to
the late group, the results showed that the late group had a sig-
nificantly higher CLC rate (early : 2.5% vs. late : 13.6%,
£=0.006). The most likely reason for these findings was the
difference in dura suture material between groups. Based on
the experimental evidence, the choice of suture material could

9 A previous study

result in a disparity in closure strength
using a calf spine model compared braided nylon (Surgilon
5-0; Ethicon Inc.) and Prolene 6—0. Prolene 6—0 was found to
produce a more watertight closure at higher hydrostatic pres-
sures”. In the case series presented here, we demonstrated
similar outcomes for the clinical utility of Prolene 6-0. Fur-
thermore, the needle diameter for black silk 5-0 was thicker
than that for Prolene 6—0 (0.30 vs. 0.25 mm), resulting in a
relatively more substantial dura defect along the hole where
the needle passed. All dura closures in both groups were per-
formed using a running locked suture technique. We did not
investigate the difference between suture techniques, as previ-
ous studies have already demonstrated no significant differ-
ences in CSF leakage between interrupted and continuous
running locked suture techniques™”.

A widely accepted management option for CLC occurrence
is surgical repair either by meticulous direct primary closure
of the dura or through augmented closure by means of fat,
muscle tissue, or a fascial graft'*. In our study, CLC was re-
solved through revision surgery in 19 cases (6.1%, 19/314). In
the early group, only one (1.3%, 1/79) surgical repair was per-
formed. Guerin et al."” reported that CSF leaks can be man-
aged by observation alone while on bed rest or by the place-
ment of a shunt either during the index procedure or in the

postoperative period. Consistent with this, the late group pa-
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Table 5. Subgroup head to head analysis between laminoplastic laminotomy and laminectomy

Laminoplastic laminotomy (n=190)

Laminectomy (n=124) p-value

CLC () (n=280) 174/190 (91.6%)
CLC (+) (n=34) 16/190 (8.4%)

106/124 (85.5%)
18/124 (14.5%)

0.089 (OR, 1.847)
0.089 (OR, 1.847)

CLC: cerebrospinal fluid leakage related complications, OR : odds ratio

tients in our study were routinely ordered to maintain bed rest
in the prone position for 3 days or more, and a lumbar drain
was inserted during the observation period when pseudo-
meningocele or high CLC risk was present, based on the judg-
ment of the senior surgeon. Ten patients temporarily main-
tained CSF shunts with a lumbar drain, and eight of them
healed without revision surgery.

In univariate logistic regression analysis for CLC risk fac-
tors, inclusion in the late group, revision surgery, and day of
postoperative sit-up were all significant. The results showed
that the CLC rate increased in proportion to the length of
time between surgery and the day of postoperative sit-up.
These findings deviated from that which we expected based
on causative influences. It is possible that these results are due
to the more extended bed rest period experienced by patients
in the late group, as well as the postoperative treatment proto-
col that further prolongs bed rest if empirically assessed as a
high risk for CLC. Thus, the postoperative sit-up day factor
was excluded in multivariate analysis. Following multivariate
logistic regression analysis, inclusion in the late group (prima-
ry dura closure using black silk 5-0 suture) and revision sur-
gery (re-exposed through scar) continued to be significant
risk factors for CLC. In cases of CSF leakage from the duroto-
my site, the muscle fascia layer becomes a barrier and prevents
CLC. Therefore, a revision surgery patient has delayed wound
healing compared to a primary surgery patient. Revision sur-
gery also results in a large dead space due to granular scar tis-
sues, which may have influenced these results. The infection
rate might also be influenced for the same reason. In a large
scale study of surgical site infections, revision surgery was as-
sociated with a significantly higher infection rate than prima-
ry surgery””.

The surgical fellow who performed the dural closure
(p=0.052) showed numerical differences in CLC rates, al-
though this was not statistically significant (0.05<p<0.10). The
proficiency of the surgical fellows who actually close the dura

could affect the CLC rate. Differences in outcomes depending

on who performed the dural closure suggest the importance
of careful manipulation when performing this procedure. The
precise technique required to attain a watertight closing of the
muscle fascia while minimizing dead space is also essential.

In our result, laminectomy did not have a statistically sig-
nificant effect on the CLC rate. CLC occurred in 16 of 190 pa-
tients (8.4%) who underwent laminoplastic laminotomy, and
in 18 of 124 patients (14.5%) with laminectomy by subgroup
head to head analysis using the chi-square test (OR, 1.847;
Pp=0.089; Table 5). However, laminoplasty after dura closure
could reduce CLC rates compared to laminectomy, as demon-
strated in a previous meta-analysis comparing the two meth-
ods™. A possible explanation for this is that the lamina be-
tween the dura and the muscle becomes a barrier and reduces
dead space"”. Studies in which minimally invasive surgeries
were conducted for intradural lesions reported low rates of
CLC**. In one such study, the limited soft-tissue exposure
and a relative absence of dead space led to a relative increase in
epidural pressure, “tamponading” the epidural space and pre-
venting CSF leakage™.

In the patient demographics, the mean age was significantly
different between the two groups. Advanced age is a risk fac-
tor for unintended durotomy that occurs during degenerative
spine surgery’”, and the rate of CLC after incidental dural tear
increases with age'”. However, in another study of the cervical
spine, post-operative CSF leak and patient age were irrele-
vant'”. Furthermore, it is unclear whether age is a risk factor
for CLC after intended durotomy procedures such as intradu-
ral tumor surgery”. Also, in the present study, patient age was
not a significant risk factor by logistic regression analysis.

The present study has several limitations. It was a retrospec-
tive study, which prevented randomization of the clinical se-
ries of patients. In patient demographics, mean age of both
groups were different. Additionally, we investigated two dif-
ferent factors between the groups : suture material and post-
operative care strategy with bed rest period. Thus, we were

unable to assess whether postoperative 1-day ambulation is
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safe irrespective of suture material. However, the findings de-
scribed here are meaningful because they demonstrate the ef-
ficacy of early ambulation in the context of Prolene 60 su-

tures.

CONCLUSION

Our findings revealed that intraoperative manipulation had
a more significant effect than postoperative management for
the prevention of CLC, and that dura suture - needle ratio re-
lated to defect along the hole where the needle passed was the
most important factor. Dura closure with Prolene 6—0 was as-
sociated with significantly lower CLC rates compared to black
silk 5-0 with an extended bed rest period, even if early ambu-
lation was begun on the first day after surgery. Postoperative
1-day ambulation combined with Prolene 6—0 sutures appears
to be a cost-effective and safe management protocol for intra-

dural spinal surgery.
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