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ABSTRACT

Spinal TB is a specific orthopedic infection that affects the 
musculoskeletal system in 3 to 5% of HIV-negative patients 
and 60% of HIV-positive patients who are exposed to 
pulmonary infection (14). These statistical data emphasize the 
need to prepare for a future resurgence of spinal TB. 

Paraplegia is among the most serious complications of spinal 
TB and is considered to be a difficult medical problem that 
requires surgery. Rapid and radical decompression may be 
useful for the recovery of neurological functions; however, 
surgery cannot possibly be performed under adequate 
chemotherapeutic cover until the general status of a patient 

█    InTRODuCTIOn

Tuberculosis (TB) is a deadly disease affecting numer-
ous individuals worldwide, particularly in developing 
countries. According to the World Health Organization 

(WHO), approximately three million individuals die annually 
because of this disease (1). The prevalence of TB has in-
creased because of the human immunodeficiency virus (HIV) 
epidemic and drug resistance (7). This type of chronic wasting 
disease consumes considerable social and medical resourc-
es; as such, a heavy burden is placed on social and economic 
development. 

AIm: To compare and analyze the influence of the duration of neurological symptoms and degree of neurological deficits on the 
postoperative neurological recovery of patients with neurological deficits caused by spinal tuberculosis (TB).  
mATERIAl and mEThODS: We retrospectively reviewed the data of 47 adult patients with neurological deficits caused by spinal 
TB. They were divided into three and four groups according to the duration of neurological symptoms and degree of neurological 
deficits, respectively. Differences in the mean rank within groups were statistically evaluated, and logistic regression of the two 
factors was performed to evaluate how these factors influence the recovery of neurological function.     
RESulTS: Non-parametric tests indicated a significant difference among improvement grades in the three groups based on the 
duration of neurological symptoms (p<0.05). No significant difference was found among improvement grades of the patients 
preoperatively in the four groups based on the grade of neurological deficits (p>0.05). Logistic regression showed that the 
preoperative grade of neurological deficits significantly influenced the improvement grade of neurological deficits (p<0.05), but the 
correlation was not close (R2=0.28).   
COnCluSIOn: The duration of neurological symptoms, but not the grade of neurological involvement, is correlated with 
postoperative neurological recovery of patients with neurological deficits caused by spinal TB. However, reducing preoperative 
chemotherapy does not significantly yield improved outcomes; therefore, undergoing four weeks of preoperative chemotherapy is 
acceptable.        
KEywORDS: Spinal tuberculosis, Neurological deficit, Neurological symptom
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is stabilized. Without the necessary intervention of anti-TB 
drugs, a single surgical treatment may cause hematogenous 
dissemination of TB that could endanger a patient’s life. Hence, 
no unanimity on the best treatment form for this disease exists 
(8,11,12). As such, surgeons contemplate the application of 
surgery to treat patients with neurological deficits caused 
by spinal TB. Two main factors should be considered for 
selection of a reasonable surgical opportunity: (1) affirmation 
of anti-TB therapeutic effect and (2) minimization of delays 
in the preoperative preparation of patients with neurological 
deficits caused by spinal TB; therefore, that surgery can be 
more conducive to neurological recovery. However, studies 
on this type of treatment are limited. In the present study, 
47 adult patients with neurological deficits caused by spinal 
TB were observed to compare and analyze the relationship 
of the duration of neurological symptoms and the degree of 
neurological deficits with postoperative neurological recovery. 
We then proposed reasonable opportunities for surgery.

█    mATERIAl and mEThODS
General Data of Patients

A total of 47 consecutive patients (24 males and 23 females) 
satisfied our inclusion/exclusion criteria. The following inclusion 
criteria were considered: (1) definitive spinal TB confirmed 
by postoperative pathology reports; (2) neurological deficits, 
including paraplegia or spinal cord compression; (3) age ≥18 
years; and (4) short-course chemotherapy administered in 
conjunction with the partial excision of pathologic vertebrae 
between June 2006 and May 2013 in a medical center. The 
following exclusion criteria were considered: (1) incomplete 
hospitalization data; (2) follow-up period of less than two 
years; and (3) known severe diabetes, cerebrovascular, and 
peripheral vascular diseases (to exclude interference of 
neurological symptoms). Patients’ ages ranged from 22 years 
to 73 years with an average age of 45 years. Average weight 
was 52.3 kg. Spinal TB was detected in thoracic (n=25), 
lumbar (n=11), and thoracolumbar (n=11) spines. In the 
observed cases, 9 patients exhibited one pathologic vertebra, 
21 patients displayed two pathologic vertebrae, 12 patients 
revealed three pathologic vertebrae, and 5 patients showed 
more than four pathologic vertebrae. The intervertebral 
destruction measured 2 to 8 cm with an average of 4.7 cm. 

neurological Involvement

The duration of neurological symptoms ranged from 1 to 

84 weeks with an average of 14 weeks. The durations of 
neurological symptoms such as paresthesia or myasthenia 
were shorter than 4 weeks (n=10), between 4 and 8 weeks 
(n=15), and longer than 8 weeks (n=22). The patients 
preoperatively belonged to grades A, B, C, or D (n=2, 4, 13, or 
28, respectively) and postoperatively recovered to grades A, B, 
C, D, or E (n=1, 3, 2, 13, or 28, respectively; Table I) according 
to the American Spinal Injury Association (ASIA) Impairment 
Scale (3). All of the patients exhibited definite surgical 
indications, including vertebral body collapse or kyphosis, 
wide paravertebral abscesses, and sinuses unresponsive to 
medical treatment besides neurological deficits, including 
paraplegia or spinal cord compressions. 

Treatment and Surgical methods

All of the patients were subjected to preoperative imaging 
tests, such as X-ray, computed tomography (CT), or magnetic 
resonance imaging (MRI), which were consistent with their 
postoperative pathology reports. These patients also received 
a 2HRZE/8H2R2E2 treatment based on the chemotherapeutic 
guidelines recommended by WHO National Programs of 
Treatment of Tuberculosis (13). In detail, the patients were 
treated with daily oral doses of Isoniazid 0.3, Rifampicin 0.45, 
Ethambutol 0.75, and Pyrazinamide 1.5 for at least two weeks 
(an average of 3.2 weeks). Surgery was only allowed when 
TB poisoning symptoms were mitigated; surgery was also 
recommended when erythrocyte sedimentation rate (ESR) 
was <60 mm/h or presented a decreasing trend. All patients 
were subjected to debridement and spinal fusion with an 
anterior or posterior approach (Figures 1A-D; 2A-D). Different 
surgical techniques were employed to install fixation devices 
and correct kyphosis deformity, reconstruct the vertebrae 
height and stabilize the spine. The TB focus was then directly 
resected by an ostectrite. Autogenous ribs or iliac bones 
were collected, cut into small pieces, and filled into a mesh of 
titanium as a vertebral body prosthesis. This prosthesis was 
placed into the space of the vertebra left by debridement, and 
an internal fixation plate was installed. The wound was washed 
again with frozen saline solution; pills containing streptomycin 
(1.0 g) and isoniazid (0.3 g) were placed, a closed thoracic 
drainage (if thoracic) or drainage (if lumbar) tube was used, and 
wounds were sutured. Anti-TB treatment was administered 
postoperatively. Informed consents were provided by the 
patients before they were subjected to surgery. The approval 
of the institutional review board was also obtained. 

Table I: Preoperative Neurological Deficits, Postoperative Neurological Recovery, and Improvement Grade of Patients with Spinal 
Tuberculosis

Preoperative grade
Postoperative grade Improvement grade

A B C D E 0 1 2 3 4

 A 1 0 0 1 0 1 0 0 1 0

 B 0 3 0 0 1 3 0 0 1 0

 C 0 0 2 5 6 2 5 6 0 0

 D 0 0 0 7 21 7 21 0 0 0
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Data Collection and Statistical Analyses

The medical records of all of the patients were collected. 
The duration of preoperative neurological symptoms and the 
degree of neurological deficits were considered as grouping 
variables. The patients were divided into three groups based 
on the duration of neurological symptoms before surgery: 
shorter than four weeks, from four weeks to eight weeks and 
longer than eight weeks. The patients were further divided into 
four groups according to the preoperative ASIA Impairment 
Scale results: ASIA A, B, C and D. The postoperative 
improvement grade of neurological recovery of the patients 
was considered to be a test variable. Analyses were executed 
using SPSS version 13.0 (SPSS UK Ltd., Woking, United 
Kingdom). Differences in the mean rank within groups were 
statistically evaluated by non-parametric tests with a K 
independent sample test. Postoperative improvement grade 
of neurological function (with and without effect), duration of 
neurological symptoms and neurological deficit grade were 
subjected to logistic regression to establish a mathematical 

model of the effect of these factors on the recovery of 
neurological function. p<0.05 was considered significant. The 
protocol of this study was approved by the ethical committee 
of Sichuan Provincial People’s Hospital.

█    RESULTS
Clinical Outcomes

With the exception of one patient, all patients were generally 
in good postoperative conditions, and systemic TB symptoms 
disappeared by three months postoperation. Clinical test 
results, such as ESR and C-reactive protein, were within nor-
mal or basically normal ranges (ESR<15 mm/h, C-reactive<10 
mg/L); there was one patient whose symptom was exacer-
bated because of irregular postoperative medication. Fusion 
occurred in all patients after a two to five year follow-up period 
with an average of 3.9 years. The average length of hospital 
stay was 13.5 days. Postoperative complications included 
pulmonary atelectasis or intercostal neuralgia (accounted for 

Figure 1: Axial (A) and sagittal (B) CT scans of 
a patient with spinal tuberculosis in T 8-9 who 
underwent debridement and spinal fusion with 
an anterior approach. Anteroposterior (C) and 
lateral (D) radiographs of a patient who had 
preoperative neurological deficits classified 
under grade D and improved to grade E within a 
three-month-postoperative follow-up according 
to the ASIA Impairment Scale. The symptoms 
of poisoning disappeared and the systemic 
condition improved.

A

C

B

D



4 | Turk Neurosurg, 2016

liu P and nie h: Time-to-Surgery on Spinal TB

with less than four weeks (16.75) and longer than that with 
eight weeks of neurological symptom (23.36). No significant 
difference was found among the improvement grades of the 
patients in the four groups based on the grade of neurological 
deficits according to the ASIA Impairment Scale (p>0.05; Table 
III). The two factors were subsequently analyzed by logistic 
regression. The results indicated the level of neurological 
impairment significantly influenced the improvement grade 
of neurological deficits (p<0.05), but the correlation was not 
close (R2=0.28).

█     DISCuSSIOn
Surgical Treatment of TB

Surgery is considered to be an auxiliary treatment of spinal 
TB because most osteoarticular TB cases can be cured by 
anti-TB drugs (10,16,17). Surgical treatments combined with 
chemotherapy exhibits several advantages, such as signifi-

12% in thoracic TB) and abdominal distention or meralgia 
paresthetica (accounted for 18% in lumbar TB). These com-
plications were appropriately treated and disappeared after 
one week. 

Statistical Results

The average improvement grades of the patients whose 
durations of neurological symptoms were less than four 
weeks, four weeks to eight weeks, and more than eight 
weeks were 0.50, 0.87, and 0.73, respectively. The average 
improvement grades of the patients with neurological deficits 
classified as classes A to D were 0.50, 0.25, 0.83, and 0.75, 
respectively. Differences in the mean rank within groups were 
statistically evaluated. A significant difference was found 
among the improvement grades in the three groups based 
on the duration of neurological symptoms according to the 
ASIA Impairment Scale (p<0.05). The mean rank (Table II) of 
the group with a four to eight week neurological symptom 
duration was 29.77, which was higher than that in the group 

Figure 2: Axial (A) and sagittal (B) CT scans 
of a patient with paraplegia caused by 
spinal tuberculosis in T 9–11 who underwent 
debridement and spinal fusion with a posterior 
approach. Anteroposterior (C) and lateral (D) 
radiographs of a patient who had preoperative 
neurological deficits classified under grade B 
and improved to grade E within a three-month-
postoperative follow-up according to the ASIA 
Impairment Scale. The neurological deficits 
evidently improved.
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The Analyses of Time-to-Surgery

In our study, a total of 47 patients with neurological deficits 
caused by spinal TB were selected. The patients were divided 
into groups of three and four groups according to the dura-
tion of neurological symptoms and the grade of neurological 
damage, respectively. Differences in the mean rank within 
groups were statistically evaluated, and the two factors were 
subjected to logistic regression to evaluate the effect of these 
factors on the recovery of neurological function. Different 
statistical methods seem caused different results, but the 
final conclusion actually was not contradictory. The result of 
first statistical method (K independent sample test) indicated 
that a significant difference was found among improvement 
grades in the three groups based on the duration of neu-
rological symptoms. On the contrary, the result of second 
statistical method (logistic regression) indicated the grade of 
neurological involvement influenced the improvement grade 
of neurological function. But preoperative grade of neurologi-
cal involvement was not closely correlated with postoperative 
neurological recovery. Because the Nagelkerke R2 value was 
only 0.28, which was far < 0.7 (regarded as a close value); this 
correlation was not close and was negligible. Hence, we were 
inclined to accept the result of the first statistical method. 
After further analysis was conducted, the postoperative grade 
of neurological recovery in patients with neurological symp-
toms that lasted four to eight weeks was the highest among 
this group. Therefore, the duration of preoperative neuro-
logical symptoms, but not the level of neurological deficits, 
influenced the degree of recovery; however, a short duration 

cantly shortening the course and reducing the incidence of 
complications (6,15,18). The involvement of neurological func-
tions results in the most serious consequence. Thus, safe and 
effective neurological recovery is an important therapeutic in-
tervention target for surgery. Surgery as treatment for Pott’s 
paraplegia should be considered to provide the highest thera-
peutic effect to treat neurological deficits and simultaneously 
ensure the safety of surgical procedures. 

Scholars believed that operative treatment for early neurologi-
cal damage caused by abscess compression slightly affects 
patients with paraplegia caused by spinal TB; however, even 
conservative treatments that can successfully cure paraple-
gia require long-term bed rest. Surgery can rapidly improve 
neurological function recovery. The curative effect of surgery 
is also reliable; as such, surgery for these patients should be 
a primary treatment option (14). Any surgery requires tedious 
and essential preoperative preparation, particularly for pa-
tients with spinal TB, who are non-ambulant or have received 
prolonged outpatient treatment and for a majority of patients 
in poor mental and physical conditions because TB is a type 
of chronic wasting disease. Therefore, the function of chemo-
therapy as a basis to treat spinal TB is emphasized. A previous 
study suggested that the minimum chemotherapy time of pa-
tients with spinal TB before they undergo surgery should not 
be less than two weeks (11). However, a few scholars believed 
that the early decompression and stabilization of the spinal 
cord contribute to neurological recovery (5,9). Thus, a thera-
peutic contradiction is possibly inevitable. 

Table II: Improvement Grade of Patients with Neurological Deficits Caused by Spinal Tuberculosis according to the ASIA Impairment 
Scale in the Three Groups Based on Symptom Duration

Improvement 
grade

Duration of neurological symptoms (from onset of symptoms to time of surgery)
Total

<4 weeks 4–8 weeks* >8 weeks

0 5 2 6 13

1 5 8 13 26

2 0 3 3 6

3 0 2 0 2

*indicate significant difference to the other two groups at p<0.05.

Table III: Improvement Grade of Patients with Neurological Deficits Caused by Spinal Tuberculosis according to the ASIA Impairment 
Scale in Four Groups Based on the Grade of Neurological Deficits

Improvement 
grade

Grade of neurological deficits
Total

A B C D

0 1 3 2 7 13

1 0 0 5 21 26

2 0 0 6 0 6

3 1 1 0 0 2

No significant difference among the four groups at p>0.05.
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be actively treated surgically, regardless of the difference in 
the duration of neurological symptoms or grade of neurologi-
cal damage. As long as proper surgical treatments are ap-
plied, a patient may recover partial neurological function. Fur-
thermore, the duration of neurological symptoms, but not the 
grade of neurological involvement, is correlated with postop-
erative improvement of neurological function of patients with 
neurological deficits caused by spinal TB. However, reducing 
preoperative chemotherapy time does not significantly yield 
improved outcomes; undergoing four weeks of preoperative 
chemotherapy is still acceptable for patients with neurological 
deficits. Hence, surgery is beneficial for patients with neuro-
logical deficits, particularly paraplegia caused by spinal TB, 
even if neurological symptoms have been present for a sub-
stantial period of time.
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