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Abstract: Purpose: The purpose of the present study was to use a prospectively collected data to evaluate the rate 
of incidental durotomy (ID) during lumbar surgery and determine the associated risk factors by using univariate 
and multivariate analysis. Methods: We prospectively reviewed 2184 patients who underwent lumbar surgery from 
January 1, 2009 to December 31, 2011 at a single hospital. Patients with ID (n=97) were matched 1:1 to a con-
trol cohort without ID. The influences of several potential risk factors that might affect the occurrence of ID were 
assessed using univariate and multivariate analyses. Results: The overall incidence of ID was 4.62%. Univariate 
analysis demonstrated that older age, diabetes, lumbar central stenosis, posterior approach, revision surgery, prior 
lumber surgery and minimal invasive surgery are risk factors for ID during lumbar surgery. However, multivariate 
analysis identified older age, prior lumber surgery, revision surgery, and minimally invasive surgery as independent 
risk factors. Conclusion: Older age, prior lumber surgery, revision surgery, and minimal invasive surgery were inde-
pendent risk factors for ID during lumbar surgery. These findings may guide clinicians making future surgical deci-
sions regarding ID and aid in the patient counseling process to alleviate risks and complications.

Keywords: Incidental durotomy, risk factors, dural tear, multivariate analysis, lumbar surgery

Introduction

Incidental durotomy (ID) or dural tears during 
lumbar surgery have been reported in the stud-
ies as one of the most important complications. 
The incidence of ID during lumbar surgery is 
variable, ranging from 1.8 to 17.4% [1-8]. ID 
may be associated with adverse postoperative 
sequelae, including arathnoiditis, psedomenin-
gocele, durocutaneous fistula and need for re-
operation [4, 8, 9]. The most common conse-
quences are to be a posture-related headache, 
photophobia and dizziness [10].

Several studies have been performed to inves-
tigate risk factors and treatment of ID. 
Pechlivanis et al. [11] suggested that ID can 
occur irrespective of a surgeon’s abilities or 
experience. Moreover, several studies also 
identified various risk factors for ID, including 
age of patients [12], gender of patients [11], 
type of procedure [13], revision surgery [14], 
surgeon’s experience [11], occurrence of ossi-

fied posterior longitudinal ligament [15], osteo-
porosis [11], arthritis [11], diabetes [11], and 
ossification of the ligamenta flavum [16]. 
However, these analyses were largely limited by 
confounding factors, such as study design, 
methodology, or sample size. Although several 
multivariate analyses were conducted to iden-
tify the risk factors for ID, these studies were 
performed in spinal surgery, percutaneous 
endoscopic lumbar discectomy, or in cervical 
surgery. Currently, there was no study conduct-
ed in patients undergoing lumbar surgery.

Furthermore, the incidence of ID in retrospec-
tive studies was significantly lower than the 
rates of it in prospective studies [17]. The pro-
spective study may help to elevate the accuracy 
of the evaluation for risk factors associated 
with ID. The purpose of the present study was 
to use a prospectively collected data to evalu-
ate the rate of ID during lumbar surgery while 
determining the associated risk factors by uni-
variate and multivariate analysis.
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Materials and methods

Patients

Date was reviewed from a prospectively main-
tained hospital quality database of patients 
undergoing lumbar surgery between January 1, 
2009 and December 31, 2011 at a single hos-
pital. All patients undergoing lumbar surgery 
during these three years were enrolled in the 
registry and followed over a 2-year period. The 
study protocol was approved by the local insti-
tutional review board and ethics committee. All 
patients provided written informed consent. 
Patients with lumbar surgery were included in 
the present study. We excluded patients young-
er than 18 years or patients without complete 
documentation.

ID definition

ID was defined as intra-operative inadvertent 
opening of the dura, leakage of cerebrospinal 
fluid extravasation (CSF), or arachnoid hernia-
tion through the dura. The patients with occur-
rence of ID were matched to control patients 
without ID. The surgeon and time of surgery 
were the matching criteria. In trauma patients, 
ID secondary to trauma and not iatrogenic 
causes were not included in the present study 
because they did not fit into the definition of 
“incidental durotomy”.

Potential risk factors

The following risk factors were evaluated in the 
present study, including age, gender, smoking 
status, alcohol abuse, drug use, evidence of 
osteoporosis, diabetes, body mass index, med-
ical comorbidity (Charlson), previous spinal sur-
gery, diagnosis (degenerative, trauma, neo-
plasm, and other), level of surgery, traditional/
mini-invasive open surgery, and surgical app- 
roach (anterior, posterior, or lateral).

Statistical analysis

Factors associated with ID during lumbar sur-
gery were identified using univariate analysis. 
The data analysis was performed using SPSS 
version 19.0 (Chicago, IL, USA). Continuous 
data were compared between the two groups 
using the student t test, whereas discontinu-
ous data were analyzed using the Chi-squared 
test. All significance tests were 2-tailed, with P 
< 0.05 representing statistical significance. In 

addition, a multivariate logistic regression anal-
ysis was performed to control for confounding 
factors and distinguish independent risk fac-
tors for ID during lumbar surgery. The risk fac-
tors which were associated with ID in univariate 
were eligible for inclusion in the multivariate 
logistic regression model. Adjusted odds ratio 
(OR) and 95% confidence intervals (CI) were cal-
culated for all variables.

Results

Patient’s characteristics

2184 patients were from analysis of the pro-
spectively maintained hospital database. The 
overall incidence of ID was 4.62% (101/2184). 
Four patients were excluded because of the 
age under 18 years (n=1) and incomplete docu-
mentation (n=3). Therefore, there were a total 
of 97 patients with ID. The average age of ID 
patients was 65 ± 15 years (range: 24-89 ye- 
ars), including 56 males and 41 females, while 
the average age of 97 patients in the control 
group was 55 ± 16 years (range: 23-88 years), 
including 51 males and 46 females. In the 97 
patients with ID, 88 patients underwent repairs 
with sutures, while 9 irreparable ID were sealed 
with fat graft.

Univariate analysis

The results of our univariate analysis are pre-
sented in Table 1 and suggest that older age, 
diabetes, central stenosis, posterior approach, 
revision surgery, prior lumber surgery and mini-
mal invasive surgery are significant risk factors 
for ID during lumbar surgery.

Multivariate analysis

The multivariate analysis results demonstrate 
that older age, prior lumber surgery, revision 
surgery, and minimally invasive surgery are sig-
nificant risk factors for ID during lumbar surgery 
(Table 2). The strongest risk factor for ID in the 
univariate and multivariate analysis was revi-
sion surgery (RR, 4.77; CI, 2.83-8.05).

Discussion

ID during lumbar surgery is one of the most 
important complications with a reported inci-
dence of ID ranging from 1.8 to 17.4% [1-8]. 
Most of surgeons treated patients with ID by a 
period of bed rest and delayed mobilization, 
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other post-operative complications [18]. Ide- 
ntification for risk factors for ID during lumbar 
surgery may improve surgeons and patients 

which will lead to a longer hospital stay [2, 8]. 
Furthermore, longer bed rest after repairing of 
ID was associated with higher incidence of 

Table 1. Comparison between patients with ID and without ID
Factors No of ID (n=97) No of no ID (n=97) RR 95% CI P
Gender
    Male 56 51
    Female 41 46 0.99 0.85-1.16 0.70
    Age 65 ± 15 55 ± 16 0.02
    BMI 22 ± 7.5 20 ± 7.1 0.44
Diagnosis
    Lumbar disc herniation 34 29 1.17 0.78-1.76 0.31
    Lumbar canal stenosis 76 63 1.21 1.01-1.44 0.05
    Degenerative spondylolisthesis 24 26 0.99 0.75-1.14 0.57
    Spondylolysis 31 28 0.92 0.57-1.49 0.93
    Facet cyst 14 11 1.27 0.61-2.66 0.75
    Scoliosis 8 7 1.14 0.43-3.03 0.41
    Trauma 4 3 1.33 0.31-5.80 0.79
    Neoplasm 4 4 1.00 0.06-15.76 0.33
Prior spine surgery
    Yes 40 23
    No 57 74 1.74 1.13-2.67 <0.01
Revision surgery
    Yes 15 5
    No 82 92 3.00 1.13-7.93 <0.01
Surgical approach
    Anterior 9 10 0.90 0.38-2.12 0.19
    Posterior 95 86 1.10 1.02-1.10 0.04
    Lateral 8 7 1.14 0.43-3.03 0.45
Smoking status
    Yes 58 51
    No 39 46 1.14 0.89-1.46 0.33
Alcohol abuse
    Yes 33 37
    No 64 60 1.22 0.80-1.87 0.41
Drug use
    Yes 6 5
    No 91 92 1.20 0.38-3.80 0.79
Osteoporosis (DXA t-score<-1)
    Yes 14 10
    No 83 87 1.40 0.65-3.00 0.15
Diabetes
    Yes 17 7
    No 80 90 2.43 1.05-5.59 0.04
Traditional/minimally invasive surgery
    Traditional surgery 56 75
    Minimally invasive surgery 41 22 1.86 1.21-2.88 <0.01
    Number of operated levels 2.7 ± 1.5 2.5 ± 1.4 0.18
    Medical comorbidity (Charlson) 1.5 ± 1.6 1.3 ± 1.6 0.16
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awareness and in helpful for pre-operative deci-
sion making. Therefore, the purpose of the pres-
ent study was to evaluate the potential risk fac-
tors for ID during lumbar surgery by univariate 
and multivariate analysis.

Previous studies showed that several factors 
associated with ID, such as age, gender, OPLL, 
surgeon training. However, the stability of the 
previous results may be influenced by several 
aspects of limitation, including lack of multivari-
ate analysis and retrospective data collection. 
Thus, we performed a multivariate analysis in 
predicting ID during lumbar surgery via prospec-
tive data collection. Although the results of the 
present study were partly consistent with previ-
ous reported results, these data may be having 
more stability and statistical accuracy.

Hannallah et al. [15] retrospectively evaluated 
the medical records of 1,994 patients and 
reported a 1% incidence of ID after cervical sur-
gery. They identified several risk factors for ID. 
However, not all risk factors carried statistically 
significant confidential intervals. They only id- 
entified male and OPLL as statistically signifi-
cant risk factors for ID during cervical surgery. 
However, this study did not investigate the risk 
factors in lumbar surgery. It only used univariate 
not multivariate analysis, which can not cancel 
out potential confounding factors. Khan et al. [4] 
reported 338 of 3183 patients with lumbar 
degenerative diseases underwent ID during tra-
ditional open surgery. The limitations of this 
study included lumbar degenerative diseases 
and open surgery. Other studies on risk factors 
for ID were also limited to only using univariate 
analysis which can not cancel out potential con-
founding factors [6-8, 11-13, 16].

Baker et al. [19] demonstrated that revision sur-
gery, age, degenerative diagnosis, lumbar sur-
gery, and elevated surgical invasiveness are sig-
nificant risk factors by using multivariate analy-
sis on a prospective cohort of 1,591 patients. 
Surgical invasiveness was defined using an inva-

siveness index for spinal surgery developed by 
Mirza et al. [20]. However, the invasiveness 
index can not be in response to the operative 
proceduces. Stromqvist et al. [21] reported 
that high age, previous surgery and smoking 
were risk factors for ID in decompression for 
lumbar spinal stenosis. However, this study was 
conducted only in patients with lumbar spinal 
stenosis. Du et al. demonstrated that prior 
spine surgery, laminectomy, and older age were 
significant independent risk factors for ID dur-
ing spinal surgery by using multivariate analysis 
on a prospective study. However, the authors 
did not differentiate the level of the spinal 
surgery.

The multivariate analysis in the present study 
showed that older age, prior lumber surgery, 
revision surgery, and minimal invasive surgery 
were independently predictive for ID. Older age 
has been previously reported to be a risk factor 
for ID [19]. The dura tends to have a more week 
appearance in elderly patients, which may pre-
dispose them to ID. Hong et al. [22] reported 
that the older patients have an increased dural 
sac thickness by investigation in cadaveric 
specimens. The increased dural sac thickness 
may result in deterioration in dural integrity. 
Patients with revision surgery were 2.27 times 
more likely to have ID than patients undergoing 
primary lumbar surgery. Revision surgery has 
also been identified as a risk factor as scar tis-
sue can obscure anatomy and dissection. 
Removal of impression or decompression may 
lead to duar tear. Tafazal et al. [7] reported a 
3.5% incidence for primary microdiscectomies 
and 13.2% for revision microdiscectomies. In 
the patients with prior surgeries, dural fibrosis 
can obscure anatomy and also lead to dural 
adhesions. Minimal invasive surgery may influ-
ence directly to visualize the spinal roots and 
foramen prior to decompression. Furthermore, 
the longer learning curve of minimal invasive 
surgery may place an influence on the inci-
dence of ID. The risk of ID may be higher for 
less experienced surgeons [23, 24]. Lack of 
stereoscopic vision and poor depth perception 
during MELD might cause a higher incidence of 
ID [25]. However, experience of the surgeon 
was not assessed in the present study.

The strengths of this study were its prospective 
design and the large number of patients who 
were included. However, the limitations of the 

Table 2. Results of multivariate logistic analy-
sis for occurrence of ID
Risk factors RR 95% CI P
Old age 1.04 1.02-1.05 <0.01
Prior lumber surgery 3.81 2.01-7.21 <0.01
Revision surgery 4.77 2.83-8.05 <0.01
Minimally invasive surgery 2.20 2.62-2.97 <0.01
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present study mainly include the following 
items: (1) Techniques in lumbar surgery are 
being rapidly innovated and adopted which may 
affect the risk factors for ID [26-30]. We, there-
fore, can not evaluate every potential risk fac-
tor in the present study. (2) Several subjective 
factors, such as patient’s selection by the sur-
geon and proficiency with certain fixation devic-
es, may affect the incidence of ID. The above 
detailed information was not collected in the 
present study. (3) Experience level of surgeons 
may influence the incidence of ID. The present 
study did not account for the experience level 
of the surgeon at the advent of ID. (4) A match- 
ed group of patients without ID were assessed 
as the control group rather than the entire 
patients. The selection for control group may 
induce bias in the present study. Therefore, 
multi-center prospective studies are still re- 
quired to provide more exhaustive assessment 
of risk factors for ID during lumbar surgery.

Conclusion

The present study demonstrates that older age, 
prior lumber surgery, revision surgery, and mi- 
nimal invasive surgery are independent risk 
factors for ID during lumbar surgery by using 
multivariate analysis on a prospective cohort  
of 2184 patients with revision surgery being 
the strongest covariate. The present findings 
may guide clinicians making future surgical 
decisions regarding ID and aid in the patient 
counseling process to alleviate risks and 
complications.
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