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 Background: Dural tear and subsequent cerebrospinal fluid leakage are frequent complications during lumbar spine surgery. 
This retrospective study aimed to investigate the risk factors and the use of prophylactic antibiotics in patients 
with fever after drainage removal (FDR) following lumbar dural tear during lumbar spinal surgery.

 Material/Methods: The authors retrospectively analyzed 2812 patients who underwent different spinal surgical procedures from 
January 2015 to December 2017. The basic information of patients was obtained to analyze the risk factors of 
dural tear and FDR. The patients were divided into 5 groups according to their antibiotic strategies for FDR (no 
antibiotics, ceftriaxone, vancomycin, ceftriaxone+vancomycin, other antibiotics). Body temperature, laborato-
ry test results, and pathogen profiles were collected for analysis.

 Results: There were 326 cases diagnosed as dural tear, including 198 cases of FDR. Sex, age, type of disease, and pre-
vious lumbar surgery played significant roles in the dural tear rate (P<0.05). Patients older than 60 years old 
had a higher incidence of FDR after dural tear (P<0.05). There was no significant difference in the incidence of 
surgical site infection among the various treatment groups (P>0.05).

 Conclusions: Age has obvious effect on dural tear and FDR, whereas sex, revision surgery, primary diagnosis, and procedure 
type only affect the rate of dural tear. The prophylactic use of antibiotics has no effect on the incidence of sur-
gical site infection when fever after drainage removal occurred in patients with dural tear.
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Background

Low back pain is a common, costly, and disabling health prob-
lem, the incidence of which was estimated to be as high as 
60-70% [1]. Lumbar spine surgery is the last treatment for low 
back pain if conservative treatments fail [2]. Dural tear and 
subsequent cerebrospinal fluid (CSF) leakage are undesirable 
but frequent complications during lumbar spine surgery, with 
an incidence ranging from less than 1% to 17% [3,4]. The re-
ported risk factors for incidental durotomy include older age, 
sex, BMI, smoking status, revision surgery, primary diagnosis, 
and type of surgery [5-11]. If not treated properly, it can cause 
several adverse complications, such as intracranial hypoten-
sion syndrome (headache, nausea, and vomiting), hematoma, 
and a higher surgical site infection rate (SSI) [12-17]. Various 
management strategies have been used to treat dural tear, in-
cluding watertight closure, dural substitutes, minimally inva-
sive techniques, fat grafts, and adhesive glues [18-21]. Among 
them, spinal drainage associated with bed rest for 4-7 days 
has been widely used, with good clinical effect [3].

However, fever is frequently observed within 2 days after the 
spinal drainage was removed in clinical practice. The body tem-
perature of patients was usually higher than 38°C, accompa-
nied by increased white blood cell count, neutrophils count 
and percentage, and erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP). Considering that postoperative fever 
is often closely related to surgical site infection (SSI), which 
is a common and critical complication after lumbar spine sur-
gery [22], clinicians often use antibiotics prophylaxis as a rou-
tine preventive treatment strategy for patients undergoing lum-
bar spine surgery. However, there is no unified and clear view 
of whether and how to use antibiotics to treat FDR. Therefore, 
this retrospective study from a single center aimed to investi-
gate the effect of prophylactic antibiotics on the rate of surgi-
cal site infection when a fever occurs after drainage removal 
in patients who had a dural tear during lumbar spinal surgery.

Material and Methods

This study was approved by the local ethics committee (the 
Medical Ethics Committee of the Second Affiliated Hospital 
of Xian Jiaotong University; approved on February 3, 2016, 
Approval No. 2016016). The research data we collected did 
not have any identifiers, so individual participation was anony-
mous and the data collected cannot be linked to these people. 
Given that this was a retrospective study, the requirement for 
informed consent was waived. In this single-center study, we 
retrospectively analyzed 2812 patients who underwent var-
ious surgical procedures due to diseases located in the lum-
bar spine in these 4 hospitals from January 2015 to December 
2017. Information on sex, age, BMI, smoking status, previous 

surgery history, primary diagnosis, operation type, and anti-
biotics prophylaxis was obtained to analyze the risk factors 
for dural tear and FDR. The primary purpose of this study was 
to investigate fever after CSF leakage followed by dural tears. 
Thus, we defined a dural tear as including incidental dural 
tears found during and after lumbar surgery [23] and intend-
ed durotomies such as intradural tumors, diastematomyelia, 
and tethered cord syndrome. FDR was defined as patients who 
(1) had a dural tear in the lumbar spine surgery, with or with-
out CSF leakage; (2) underwent intraoperative drainage place-
ment and had it removed 5-7 days after the operation; (3) had 
normal body temperature (<37.5°C) before drainage removal 
and fever (>38°C) within 2 days after drainage removal; (4) re-
ceived prophylactic antibiotics or not before drainage removal; 
(5) had an abnormal rise in white blood cell count, neutrophil 
count and percentage, and CRP after drainage removal. The 
exclusion criteria were patients with (1) solid vertebral tumor, 
metastatic tumor, or if the tumor originated from other sites 
(eg, solid tumor, malignant lymphoma, leukemia); (2) definite 
infections located in the spine or other sites; (3) connective 
tissue disease like rheumatic fever; (4) tuberculosis; (5) para-
sitic diseases (eg, brucellosis, malaria); (6) definite viral diseas-
es; (7) other definite diseases that can cause fever (eg, blood 
transfusion reaction); (8) cerebrospinal fluid leak before sur-
gery; (9) who died during surgery or were lost to follow-up.

The antibiotics used after FDR was diagnosed were recorded 
as prophylaxis antibiotics, regardless of whether they were 
supported by the bacterial culture results. The following clini-
cal parameters were collected for analysis: body temperature, 
laboratory tests (white cells count, neutrophil cells count and 
percentage, CRP), and pathogen profiles. To observe the effect 
of various antibiotics on the FDR, Ceftriaxone and Vancomycin 
were selected, as they all can penetrate the blood-brain barri-
er and cover the gram-positive cocci and gram-negative bacilli, 
respectively [24]. Other first/second-generation cephalosporin 
and clindamycin were selected as controls. The FDR patients 
were divided into 5 groups according to their antibiotics strat-
egies after FDR: (1) NA group (No antibiotics); (2) CTRX group 
(Ceftriaxone); (3) VA group (Vancomycin); (4) CTRX+VA group 
(Ceftriaxone+Vancomycin); (5) OTHERS group (Other antibiot-
ics: the first/second-generation cephalosporin and clindamy-
cin). The selected antibiotics covered all the gram-positive cocci 
and gram-negative bacilli. Then, changes in body temperature 
and laboratory test results, and the rates of SSI of all the anti-
biotics subgroups were compared with each other.

The body temperatures were collected 3 times a day after drain-
age was removed. The highest body temperature on each day 
was recorded for analysis. The blood test results were collected 
every 3-5 days after surgery in 4 different hospitals. The white 
blood cell count (WBC), neutrophil percentage (NEUT%), and 
neutrophil count (NEUT#) were recorded in every laboratory 
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test. The percentages of patients with abnormal WBC (>109/L), 
NEUT% (>70%), and NEUT# (>109/L) in FDR patients were re-
corded for analysis. Because the normal values of CRP used in 
each hospital were different, we normalized CRP by the max-
imum normal value of each involved hospital to analyze the 
trend of CRP change [25].

The SPSS Statistics 22.0 was used for the analysis of these clin-
ical statistical data. Categorical variables were compared by 
Pearson’s chi-square test. Continuous variables were compared 
using a one-way ANOVA and summarized with means±standard 
deviations. P<0.05 indicated a significant difference.

Results

The	Risk	Factors	for	Dural	Tear	and	FDR

We reviewed 2812 patients who underwent lumbar surgery; 
326 cases were diagnosed as dural tear, among which 198 
patients had FDR. The correlations between the patient clin-
ical characteristics and the incidence of dural tear and FDR 
are shown in Table 1. Sex, age, and previous lumbar surgery 

were significantly associated with the dural tear rate (P<0.05). 
Women, patients older than age 60, and those who had previ-
ous lumbar spine surgery had higher rates of dural tear. BMI 
and smoking history did not affect the incidence of dural tear 
(P>0.05). For patients with FDR, a significant difference only 
existed in different age groups (P<0.05) (Table 1). The inci-
dence rate of dural tear increased significantly when the pa-
tient was older than 60 years old. The incidence of dural tear 
varied significantly among diseases (Table 2) (P<0.05). The de-
generative group had the lowest incidence of dural tear (6.8%), 
which was close to the spinal stenosis group (8.4%) and signif-
icantly lower than the other 4 groups. The patients diagnosed 
with primary intraspinal tumor had the highest dural tear rate 
(46.2%). No significant difference in the rate of FDR was found 
between each disease (P>0.05) (Table 2). Various surgical pro-
cedures were associated with significantly different dural tear 
rates (P<0.05). As shown in Table 3, the other surgery group, 
in which the intended durotomy for the intraspinal tumor was 
included, had the highest dural tear rate (39.3%), while the 
microscopic discectomy had the lowest dural tear rate. There 
was no significant difference in FDR rate among the various 
surgical procedure groups (P>0.05) (Table 3). Various preoper-
ative antibiotics such as the first/second/third cephalosporins, 

Parameter
No DT

(n=2486)
DT

(n=326)
P

No FDR
(n=128)

FDR
(n=198)

P

Sex (n)

 Male 1188 139 0.03 50 89 0.29

 Female 1298 187 78 109

Age (year)

 <60 613 35 <0.001 22 13 0.003

 60-70 1214 138 44 94

 >70 659 153 62 91

BMI

 <25 729 87 0.40 38 49 0.58

 25-30 1026 147 54 93

 >30 731 92 36 56

Smoking

 Yes 782 107 0.62 39 68 0.47

 No 1704 219 89 130

Previous lumbar spine surgery

 Yes 641 198 <0.001 80 118 0.60

 No 1845 128 48 80

Table 1. Correlation between patient clinical characteristics and the incidence of dural tear and fever after drainage removal (FDR).
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clindamycin, and levofloxacin were used in some of the pa-
tients. The third-generation cephalosporins were associated 
with a lower FDR rate than other antibiotics, but with no sta-
tistical significance (P>0.05) (Table 4).

The Effect of Prophylactic Antibiotics on Temperature and 
Laboratory Tests

Once FDR was diagnosed, the patients were treated with cef-
triaxone, vancomycin, ceftriaxone combined with vancomy-
cin, other antibiotics (first/second-generation cephalosporin, 
clindamycin), or no antibiotics. Table 5 shows the clinical char-
acteristics of patients who had FDR. No obvious difference was 
found in sex, age, BMI, smoking, accompanying disease, previ-
ous surgery, or initial diagnosis among the various treatment 
groups (P>0.05). FDR was defined as a body temperature of 
more than 38°C after the drainage tube was removed. None of 

the patients had a fever on the day when the drainage was re-
moved. Figure 1 shows the changes in body temperature and 
laboratory test results of FDR patients in all treatment groups. 
The CTRX and CTRX+VA reduced the patients’ body tempera-
ture, WBC counts, neutrophil count and percentage, and nor-
malized CRP faster than in the other 3 groups. No difference 
was found in body temperature and laboratory test results be-
tween CRTX and CTRX+VA (P>0.05).

The Effect of Prophylactic Antibiotics on the Rate of 
Surgical Site Infection

Although antibiotic regimens changed the recovery curve of 
the patients with FDR, they seemed to have no effect on the 
morbidity of SSI. As shown in Table 6, the incidence of SSI was 
not associated with the use of antibiotics or the type of antibi-
otics used (P>0.05). For all the patients with SSI, experimental 

Diagnosis Rate of DT Rate of FDR

1 Microscopic discectomy 4.8%*,# 33.3%

2 Post discectomy 7.6%# 64.7%

3 Decompression±fusion 10.9%# 61.4%

4 Anterior procedures 6.4%# 57.1%

5 Other surgeries 39.3% 64.6%

P <0.001 0.108

Table 3. Rate of dural tear and fever after drainage removal (FDR) of patients treated with various surgeries.

* Means compare with 3; # means compare with 5. *, # means statistical significance.

Diagnosis Rate of DT Rate of FDR

1 Spinal stenosis 8.4%#,+ 60.4%

2 Degenerative disc disease 6.8%*,$,#,+ 61.8%

3 Spondylolysis 11.7%# 64.5%

4 Deformity 12.1%# 63.4%

5 Primary intraspinal tumor 46.2%+ 59.5%

6 Other disease 15.4% 47.8%

P <0.001 0.822

Table 2. The rate of dural tear and fever after drainage removal (FDR) of patients with various initial diagnoses.

@ Means compare with 1; & means compare with 2; * means compare with 3; $ means compare with 4; # means compare with 5; 
+ means compare with 6. @, &, *, $, #, + means statistical significance.

No
antibiotics

First generation 
cephalosporins 

Second generation 
cephalosporins

Third generation 
cephalosporins

Clindamycin
Other 

antibiotics

Rate of FDR 61.3% 63.0% 61.0% 39.1% 65.6% 60.0%

P>0.05

Table 4. Effect of preoperative antibiotics on the incidence of fever after drainage removal (FDR).
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antibiotics were used until the bacteria were detected. Among 
them, 4 cases were treated with abscess incision and drainage. 
The other cases are cured by conservative treatment (such as 
debridement, lavage, and drainage). None of these infective 
cases required the removal of spinal implants.

Discussion

Dural tear and cerebrospinal fluid (CSF) leak is one of the 
most common complications of spinal surgery. Spinal drain-
age is a widely used treatment for CSF leak. In clinical prac-
tice, the authors observed a fever after drainage removal (FDR) 

phenomenon. To better prevent the occurrence of dural tear and 
address the possible surgical site infection (SSI), the present 
study investigated the risk factors associated with dural tear 
and the effect of preventive antibiotics on SSI when a fever 
occurs after drainage removal. The results suggest that among 
all the risk factors for dural tear and FDR, sex, age, previous 
surgery, and primary diagnosis were significantly associated 
with the occurrence of dural tear, and age exerted a signifi-
cant influence on the rate of FDR. For patients with FDR, our 
study found that the use of CTRX or CTRX+VA can exert a pos-
itive effect in reducing the body temperature and laboratory 
test results like WBC counts, neutrophils percent, neutrophils 
count, and CRP. The temperature of the patients undergoing 

Parameters
No

antibiotics
Ceftriaxone Vancomycin

Ceftriaxone plus 
Vancomycin

Other 
antibiotics

P

Sex (M/F) 9/12 20/22 11/14 14/18 35/43 0.9962

Age (Yrs, Mean±Sd) 66.4±10.2 70.5±9.6 68.3±11.3 70.1±8.4 72.5±11.2 0.123

Age groups (Yrs)

 <60 2 2 3 4 2 0.545

 60-70 10 21 12 16 35

 >70 9 19 10 12 41

Body weight (Kg) 75.5±10.8 71.7±9.6 68.4±12.7 72.6±11.9 69.7±11.3 0.163

BMI groups (Kg/m2)

 <25 5 11 4 7 22 0.478

 25-30 9 21 13 20 30

 >30 7 10 5 26

Smoking 8/21 14/42 9/25 10/32 27/78 0.988

Other disease

 Hypertension 8 14 9 11 29 1.0

 Diabetes 3 7 4 5 12

 Osteoporosis 2 5 3 4 9

 Previous surgery 9 25 13 23 48 0.27

Diagnosis

 Spinal stenosis 3 7 4 4 14 1.0

 Degenerative disc disease 6 8 5 5 18

 Spondylolysis 3 9 5 6 17

 Deformity 2 6 3 5 10

 Primary intraspinal tumor 5 10 7 10 15

 Others 2 2 1 2 4

Table 5. Characteristics of fever after drainage removal (FDR) patients receiving various treatments.
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Figure 1.  The effect of antibiotics on the change of fever (A), white blood cell count (WBC) (B), neutrophil count (NEUT#) (C), C-reactive 
protein (CRP) (D), and neutrophil percentage (NEUT%) (E) in patients with fever after drainage removal (FDR). NA – no 
antibiotics (NA group); CTRX – Ceftriaxone (CTRX group); VA – Vancomycin (VA group); CTRX+VA – Ceftriaxone+Vancomycin 
(CTRX+VA group); OTHERS – Other antibiotics (OTHERS group) – the first-/second-generation cephalosporin and clindamycin. 
The figure was created using GraphPad Prism 9.1.1 (223) for Mac, GraphPad Software, San Diego, California, USA, 
www.graphpad.com.

Group SSI Pathogen 

No antibiotics  1 (4.8%) Staphylococcus aureus

Ceftriaxone  2 (4.8%)
Klebsiella Pneumoniae
(–)

Vancomycin  1 (4.0%) Proteus mirabilis

Ceftriaxone/Vancomycin  1 (3.1%) Escherichia Coli

Other antibiotics  3 (3.8%)
Escherichia Coli/Klebsiella Pneumoniae
Acinetobacter baumannii
(–)

P 0.997

Table 6. The rate of surgical site infection (SSI) and infectious bacteria.
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this treatment strategy also dropped to the normal level fast-
er. However, no obvious difference in the rate of surgical site 
infection (SSI) was found to be caused by the efficacy of the 
various antibiotics.

Dural tear has been proved to be a complication following all 
spinal surgeries and has been reported to have a variable inci-
dence ranging from 1% to 17% [3,4]. If not effectively treated, 
the dural tear can induce serious consequences like pseudo-
meningocele, headache, postoperative meningitis, and intracra-
nial hemorrhage [12-15]. Thus, it is necessary to estimate the 
risk of intro-operative dural tear in various groups of patients 
to prepare for it in advance. The possible risk factors report-
ed being associated with dural tear include sex, age, obesity, 
smoking status, revision surgery, primary diagnosis, and proce-
dure type [6,7,9,26]. Women tended to have a higher incidence 
of dural tear than men in this study, probably because of the 
finer and thinner dural sac in women. Takahashi et al [27,28] 
alsohave described sex as a risk factor for dural tear, which is 
consistent with the present study. With the increase of age, 
the incidence of dural tear gradually increased in the present 
study. A significantly higher dural tear rate was found in pa-
tients older than 60 years (P<0.05), mainly because patients’ 
diseases get worse with the increase of age, and the comorbid-
ities associated with aging increased the difficulty of surger-
ies [29]. Furthermore, more revision surgeries occurred among 
the older patients. All these could lead to higher rates of du-
ral tear in older patients than in younger ones. In contrast to 
some previous experiments, our study found no significant 
correlation between BMI or smoking status and the incidence 
of dural tear, but the rate of dural tear was higher when BMI 
was >30 Kg/m2, which is consistent with the study conduct-
ed by Baker et al [4]. This might be caused by the increasing 
difficulty in surgical exposure because of thicker soft tissues 
and deeper wounds [9]. The level of smoking may be the rea-
son for the non-correlation between smoking and dural tear.

In the present study, we found that patients undergoing revi-
sion surgery had a significantly higher incidence of dural tear 
(P<0.05), similar to the results reported by many previous 
studies [5,6,10], probably due to the dural adhesions caused 
by previous surgeries. Furthermore, the existence of abnor-
mal anatomic structures can lead to loss of landmarks during 
surgery, which may cause an increased risk of dural tear [30]. 
The rates of dural tear among various primary diagnosis sub-
groups were significantly different (P<0.05). Patients with in-
traspinal tumors tend to have significantly higher rates of 
dural tear, due to the characteristics of the spinal cord tu-
mor itself needing intentional durotomy (which we included 
in dural tear in this study). Owing to this inevitable charac-
teristic, more attention should be paid to this kind of patient. 
In contrast with others, the degenerative disc disease group 
showed a significantly lower incidence of dural tear (P<0.05). 

This may be because more microscopic discectomy surgeries 
were carried out in this group. Among the various surgical pro-
cedure subgroups, the other surgery group had a significant-
ly higher rate of dural tear (P<0.05). This may be because the 
surgical procedure for diseases included in this group, like in-
tradural tumors or tethered cord syndrome, needs durotomy, 
which was also included in our study if a dural tear occurred.

Concerning the complications following lumbar spine surgery, 
surgical site infection (SSI) should not be ignored during the 
early postoperative stage, the rates of which have been re-
ported to be 0.7-12.0% [16,17]. Normally, fever is a precursor 
of infection, and sometimes is the most common presenting 
symptom. In the clinical setting, we found that patients with 
dural tear often had FDR within 2 days. In the current study, 
we observed that 60.73% of patients went through FDR and 
increased laboratory parameters – body temperature, white 
cell count, neutrophil count and percentage, and C-reactive 
protein. In addition, the present study analyzed the aforemen-
tioned factors thought to be associated with dural tears to find 
out whether they affect the incidence of FDR. No significant 
relationships among sex, BMI, smoking, and fever after drain-
age removal were found, but the patients age 60 and younger 
had a much lower rate of FDR than the groups over 60 years 
old (P<0.05). The reason may be: (1) patients age 60 and un-
der were less susceptible to tissue damage caused by surgi-
cal procedures [29]; (2) more patients in this group underwent 
microscopic discectomy surgery; (3) homeostasis was easier 
to maintain in younger patients. These results suggested that 
dural tear and age are the risk factors of FDR, not sex, obe-
sity, smoking status, revision surgery, primary diagnosis, and 
procedure type. This strongly indicates that surgeons need be 
cautious when a dural tear occurs in older patients.

The primary diagnosis exerts no significant influence on the 
rate of FDR, with the spondylolysis group being the highest 
and the other diseases group being the lowest. In terms of the 
surgical procedure, the microscopic discectomy group has the 
lowest rate of FDR (almost half the rate of other groups), prob-
ably because the minimally invasive surgical procedure caused 
less inflammatory response due to less tissue damage [31]. 
But the variability of the rates of FDR among the groups was 
not statistically significant. The application of antibiotics be-
fore the operation was often used by the clinician to prevent 
SSI [32]. However, in the current study, whether to use anti-
biotics before the operation and the kind of antibiotic used 
had no effect on the incidence of FDR. This indicates that ad-
ministration of antibiotics before surgery should be carefully 
considered due to the low efficacy in preventing SSI and the 
risk of producing resistant bacteria.

Once fever occurs, the possibility of infection and necessary 
treatments should be considered and appropriate steps taken. 
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Most previous literature suggested using preoperative antibiotic 
prophylaxis to prevent infections in spinal surgery. William and 
Erwin gave some important evidence-based clinical guidelines 
for antibiotic prophylaxis in spine surgery [33,34]. However, 
few studies have discussed whether and how prophylactic 
antibiotics should be used in patients with dural tear, espe-
cially when fever occurred after drainage removal. In the cur-
rent study, the patients received different treatments when 
fever after drainage removal occurred: no antibiotics, ceftri-
axone, vancomycin, ceftriaxone+vancomycin, and other anti-
biotics. The result showed that the body temperature of all 
the patients with FDR increased to the peak level on day 2 af-
ter drainage removal and then started to steadily decline to 
the normal level. The laboratory parameters in the CTRX and 
CTRX+VA subgroups tended to decline faster than in the oth-
er 3 groups. However, there was no significant difference in 
the surgical site infection rate among all the 5 groups, which 
were 4.8%, 4.8%, 4%, 3.1%, and 3.8%, respectively. The util-
ity of antibiotics did not reduce the rate of SSI, which is not 
consistent with some previous studies [35]. In the study by 
Barker et al [6], the row pooled infection rates were reduced 
from 5.9% to 2.2% by antibiotics. This discrepancy may be 
caused by the different numerical calculations used. In most 
previous studies, the SSI rate was calculated by dividing the 
number of infected patients by the total number of surgical 
patients. However, in the current study, the SSI rate was de-
fined as the number of infected patients divided by the num-
ber of patients with FDR. This result may indicate that antibi-
otic prophylaxis should be started earlier in dural tear patients, 
immediately after surgery instead of after the fever appears. 
We speculate that in the event of fever, the role of antibiotics 
is more to treat than to prevent.

There are some limitations in the current study. The first one 
is that the present study is limited by its retrospective nature. 
There was a relatively high probability of incomplete data, es-
pecially in the patient’s personal history and antibiotic intake 
history; thus, more randomized prospective studies are need-
ed. Secondly, our study covered only 4 hospitals, making its 
generalizability limited. Our results need to be confirmed over 
a longer period in a larger group of patients. Thirdly, the antibi-
otics used in this study included only a few kinds, which means 
the effectiveness of the other antibiotics is uncertain. Given 
these limitations, more rigorous prospective randomized con-
trolled trials and multicenter studies are needed in the future.

Conclusions

For patients undergoing lumbar surgeries, sex, revision sur-
gery, primary diagnosis, and procedure type are statistically 
important factors associated with the rate of dural tear. Age 
exerts a statistically important influence on the rates of dural 
tear and FDR. The findings from this study show that the use 
of prophylactic antibiotics did not affect the incidence of sur-
gical site infection following lumbar dural tear as a complica-
tion of lumbar spinal surgery.

Declaration of Figures’ Authenticity

All figures submitted have been created by the authors, who 
confirm that the images are original with no duplication and 
have not been previously published in whole or in part.

References:

 1. Urits I, Burshtein A, Sharma M, et al. Low back pain, a comprehensive re-
view: Pathophysiology, diagnosis, and treatment. Curr Pain Headache R. 
2019; 23(3):23

 2. Corp N, Mansell G, Stynes S, et al. Evidence-based treatment recommen-
dations for neck and low back pain across Europe: A systematic review of 
guidelines. Eur J Pain. 2021;25(2):275-95

 3. Kalevski SK, Peev NA, Haritonov DG. Incidental Dural Tears in lumbar decom-
pressive surgery: Incidence, causes, treatment, results. Asian J Neurosurg. 
2010;5(1):54-59

 4. Guerin P, El Fegoun AB, Obeid I, et al. Incidental durotomy during spine sur-
gery: Incidence, management and complications. A retrospective review. 
Injury. 2012;43(4):397-401

 5. Du JY, Aichmair A, Kueper J, et al. Incidental durotomy during spinal 
surgery: A multivariate analysis for risk factors. Spine (Phila Pa 1976). 
2014;39(22):E1339-45

 6. Baker GA, Cizik AM, Bransford RJ, et al. Risk factors for unintended duroto-
my during spine surgery: A multivariate analysis. Spine J. 2012;12(2):121-26

 7. Chen ZX, Shao P, Sun QZ, Zhao D. Risk factors for incidental durotomy 
during lumbar surgery: A retrospective study by multivariate analysis. Clin 
Neurol Neurosur. 2015;130:101-4

 8. Stromqvist F, Jonsson B, Stromqvist B, Surg SSS. Dural lesions in decom-
pression for lumbar spinal stenosis: Incidence, risk factors and effect on 
outcome. Eur Spine J. 2012;21(5):825-28

 9. Burks CA, Werner BC, Yang S, Shimer AL. Obesity is associated with an 
increased rate of incidental durotomy in lumbar spine surgery. Spine. 
2015;40(7):500-4

 10. Smorgick Y, Baker KC, Herkowitz H, et al. Predisposing factors for du-
ral tear in patients undergoing lumbar spine surgery. J Neurosurg-Spine. 
2015;22(5):483-86

 11. O’Neill KR, Neuman BJ, Peters C, Riew D. Risk factors for dural tears in the 
cervical spine. Spine. 2014;39(17):E1015-E20

 12.  Takenaka S, Makino T, Sakai Y, et al. Dural tear is associated with 
an increased rate of other perioperative complications in primary lumbar 
spine surgery for degenerative diseases. Medicine. 2019; 98(1):e13970

 13. Raudenbush BL, Molinari A, Molinari RW. Large compressive pseudomenin-
gocele causing early major neurologic deficit after spinal surgery. Glob Spine 
J. 2017;7(3):206-12

 14. Tan LA, Kasliwal MK, An HS, Byrne RW. Obstructive hydrocephalus due to 
intraventricular hemorrhage after incidental durotomy during lumbar spine 
surgery. Spine. 2018;43(5):E316-19

 15. Lin TY, Chen WJ, Hsieh MK, et al. Postoperative meningitis after spinal sur-
gery: A review of 21 cases from 20,178 patients. Bmc Infect Dis. 2014;14:220

 16. Fang Z, Tian R, Jia YT, et al. Treatment of cerebrospinal fluid leak after spine 
surgery. Chin J Traumatol. 2017;20(2):81-83

 17. Woodroffe RW, Nourski KV, Helland LC, et al. Management of iatrogenic spi-
nal cerebrospinal fluid leaks: A cohort of 124 patients. Clin Neurol Neurosur. 
2018;170:61-66

e936652-8
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Liu Y. et al:  
Prophylactic antibiotics use after drainage removal

© Med Sci Monit, 2022; 28: e936652
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



 18. Kamenova M, Leu S, Mariani L, et al. Management of incidental dural tear 
during lumbar spine surgery. To suture or not to suture? World Neurosurg. 
2016;87:455-62

 19. Wright NM, Park J, Tew JM, et al. Spinal sealant system provides bet-
ter intraoperative watertight closure than standard of care during spinal 
surgery a prospective, multicenter, randomized controlled study. Spine. 
2015;40(8):505-13

 20. Wong AP, Shih P, Smith TR, et al. Comparison of symptomatic cerebral 
spinal fluid leak between patients undergoing minimally invasive versus 
open lumbar foraminotomy, discectomy, or laminectomy. World Neurosurg. 
2014;81(3-4):634-40

 21. Jeon S-H, Lee S-H, Tsang YS, et al. Watertight sealing without lumbar drain-
age for incidental ventral dural defect in transthoracic spine surgery: A ret-
rospective review of 53 cases. Clin Spine Surg. 2017;30(6):E702-E6

 22. Tan T, Lee H, Huang MS, et al. Prophylactic postoperative measures to min-
imize surgical site infections in spine surgery: Systematic review and evi-
dence summary. Spine J. 2020;20(3):435-47

 23. Chen Z, Shao P, Sun Q, Zhao D. Risk factors for incidental durotomy during 
lumbar surgery: A retrospective study by multivariate analysis. Clin Neurol 
Neurosurg. 2015;130:101-4

 24. Quaile A. Infections associated with spinal implants. Int Orthop. 
2012;36(2):451-56

 25. Piper KE, Fernandez-Sampedro M, Steckelberg KE, et al. C-reactive protein, 
erythrocyte sedimentation rate and orthopedic implant infection. PLoS One. 
2010;5(2):e9358

 26. Buck JS, Yoon ST. The incidence of durotomy and its clinical and econom-
ic impact in primary, short-segment lumbar fusion an analysis of 17,232 
cases. Spine. 2015;40(18):1444-50

 27. Takahashi Y, Sato T, Hyodo H, et al. Incidental durotomy during lumbar spine 
surgery: Risk factors and anatomic locations Clinical article. J Neurosurg-
Spine. 2013;18(2):165-69

 28. Yoshihara H, Yoneoka D. Incidental dural tear in spine surgery: Analysis of 
a nationwide database. Eur Spine J. 2014;23(2):389-94

 29. Thomas K, Wong KH, Steelman SC, Rodriguez A. Surgical risk assessment 
and prevention in elderly spinal deformity patients. Geriatr Orthop Surg. 
2019;10:2151459319851681

 30. Ishikura H, Ogihara S, Oka H, et al. Risk factors for incidental durotomy 
during posterior open spine surgery for degenerative diseases in adults: A 
multicenter observational study. PLoS One. 2017; 12(11):e188038

 31. Ghobrial GM, Theofanis T, Darden BV, et al. Unintended durotomy in lum-
bar degenerative spinal surgery: A 10-year systematic review of the liter-
ature. Neurosurg Focus. 2015;39(4):E8

 32. Nasser R, Kosty JA, Shah S, et al. Risk factors and prevention of surgical 
site infections following spinal procedures. Glob Spine J. 2018;8:44s-48s

 33. Shaffer WO, Baisden JL, Fernand R, Matz PG. An evidence-based clinical guide-
line for antibiotic prophylaxis in spine surgery. Spine J. 2013;13(10):1387-92

 34. Brown EM, Pople IK, de Louvois J, et al. Spine update: Prevention of post-
operative infection in patients undergoing spinal surgery. Spine (Phila Pa 
1976). 2004;29(8):938-45

 35. Phillips BT, Sheldon ES, Orhurhu V, et al. Preoperative versus extended post-
operative antimicrobial prophylaxis of surgical site infection during spinal 
surgery: A comprehensive systematic review and meta-analysis. Adv Ther. 
2020; 37(6):2710-33

e936652-9
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Liu Y. et al:  
Prophylactic antibiotics use after drainage removal
© Med Sci Monit, 2022; 28: e936652

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


