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Abstract
Study Design: Retrospective observational study.

Objective: To study the neurological recovery in patients with progressive neurological deficit undergoing delayed decom-
pression and fixation in tuberculosis of spine.

Methods: Retrospective analysis of 50 cases with thoracolumbar tuberculosis of spine, undergoing posterior decompression and
instrumentation was done. Parameters like time interval between appearance of neurological deficit to decompression surgery,
maximal spinal cord compression, neurology on admission, presence of drug resistance, and number of vertebrae involved were
evaluated. The subjects were divided into 2 groups depending on neurological improvement measured with LEMS (Lower
Extremity Motor Score) at the end of |-year follow-up.

Results: The mean LEMS score on admission was 27.72 (SD 12.88), which improved to 40.80 (SD 10.46) at the end of | year
(P <.001). A total of 26 (52%) subjects were categorized into “Satisfactory” outcome (LEMS >10) group and remaining 24 subjects
formed the “nonsatisfactory” outcome group. The median time interval between the appearance of neurological deficit and
decompression surgery was 23.50 days in the satisfactory group and 29.50 days (P = .110) in the nonsatisfactory group. Maximal
spinal cord compression was 0.370 in satisfactory group and 0.357 in nonsatisfactory group (P = .754). The mean preoperative
LEMS score was 34.62 in the satisfactory outcome group while that in the nonsatisfactory outcome group was 20.25 (P < .001).

Conclusion: There is significant scope for neurological improvement even after delayed decompression and fixation in cases of
tuberculosis of spine with progressive neurological deficits. Preoperative neurological status was found to be the most significant
determinant of postoperative neurological outcome.
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Introduction of surgical decompression in a patient with TB of the spine,
with neurological deficit has been a matter of controversy.>*>
In developing countries and remote areas all over the world,
there is delay in seeking treatment due to various reasons like

Spine is the most common site for skeletal involvement by
tuberculosis (TB) and amounts to almost half the cases of ske-
letal TB." It is a serious form of extrapulmonary TB and can be
fatal if not treated.> Diagnostic delay is a very common prob-
lem in spinal TB. The treatment for spinal tuberculosis is by
modern-day antituberculous therapy (AKT or ATT) with or
without surgery.’ Chemotherapy alone cannot solve the issue
of biomechanical instability that can lead to possibility of Corresponding Author:
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lack of awareness, poverty, and inability in arranging for the
transport to the health care facility. This causes significant
delay between the onset of neurological deficit and patient
reporting to health care facility. Delay in diagnosis and surgery
can lead to relentless destruction, deformities, and complete
neurological deficits, especially in cases with progressive
incomplete neurological deficit and multidrug resistance.®
There is convincing preclinical evidence that early decompres-
sion in the setting of spinal cord injury (SCI) improves neuro-
logic outcomes.” However, there is paucity of literature
analyzing neurological recovery after delayed decompression
and fixation in patients with tuberculosis of spine with recent
onset progressive neurological deficits. This study was done to
determine whether there is significant neurological recovery in
patients undergoing delayed decompression and fixation for
spinal TB.

Materials and Methods

After obtaining institutional ethics committee approval, we did
a retrospective analysis of the data collected from the records of
the cases with tuberculosis of spine who underwent posterior
decompression and instrumentation at the thoracolumbar level
by the senior author during a 4-year period (from June 2014 to
August 2018).

We included patients from age group ranging from 6 to
70 years with at least 1 year of follow-up. We excluded patients
who had involvement of cervical spine and those with inade-
quate neurological examination charting or missing clinicora-
diological data during the course of follow up. The time
interval used for evaluation was preoperatively, immediate
postoperatively, at 2 weeks after surgery, 6 weeks, 3 months,
6 months, and 12 months postoperatively. After making the
necessary exclusions as stated above, a total of 50 patients were
evaluated.

Data Collection

We reviewed clinical and radiographic data from electronic
patient records. The preoperative data was obtained, which
included age, sex, presence of microbiologically proven TB
(including culture, BACTEC and GeneXpert), drug resistance
pattern, number of vertebrae involved, maximal spinal cord
compression ratio, time between appearance of progressive
neurological deficit, and decompression surgery. The neurolo-
gical status was calculated using the Lower Extremity Motor
Score (LEMS), which was recorded preoperatively, day 1 post-
operatively, at 2 weeks after surgery, 6 weeks, 3 months,
6 months, and 12 months postoperatively.

Progressive neurological deterioration, failure to respond to
chemotherapy, bowel/bladder involvement, spinal deformity,
and instability were taken as indications for surgical
intervention.

Preoperative magnetic resonance images were used to cal-
culate maximal spinal cord compression (MSCC). This is a
ratio obtained on sagittal T2-weighted magnetic resonance

Figure |. Method of calculating the maximal spinal cord compression
(MSCC).

images as ratio of the mid-sagittal diameter of the spinal cord
at the compression site divided by the average diameter of the
spinal cord at the closest noncompressed regions above and
below® (Figure 1).

All the cases were treated with posterior decompression and
instrumented fusion. Under general anesthesia, patients were
placed in prone position and the diseased level was marked
using fluoroscopic guidance. A midline posterior incision was
taken over the desired level. The diseased segment of vertebrae
was exposed after dissecting paraspinal muscles. Posterior
instrumentation was done using pedicular screw system fol-
lowed by transpedicular decompression. The diseased tissue
and abscess were removed and sent for microscopy for acid
fast staining, LJ (Lowenstein-Jensen) culture, cartridge-based
nucleic acid amplification test (CB-NAAT), Gene Xpert, his-
topathology, and also aerobic as well as anaerobic bacterial
culture. Optimum debridement of the caseous material,
involved disc space and diseased vertebral bodies was done.
This was followed by bone grafting using autologous bone
graft harvested from posterior superior iliac spine or the local
healthy bone obtained during the process of decompression.



718

Global Spine Journal 11(5)

Table I. The Lower Extremity Motor Score (LEMS) of the Entire Cohort of 50 Patients at Different Points of Time.

LEMS Admission Day | 2 weeks 6 weeks 3 months 6 months | year
Mean 27.72 30.60 31.40 34.80 37.40 39.20 40.80
SD 12.88 13.46 13.25 13.25 12.09 11.40 10.46
Range 0-50 0-50 0-50 0-50 0-50 0-50 0-50

P — .040* .008* <.001* <.001* <.001* <.001*

*Statistically significant (P < .05).

The morselized bone graft was packed in a mesh cage of appro-
priate size and the cage was inserted anterior to the cord. Thus,
anteriorly interbody fusion was performed. In some cases,
interbody bone grafting was done without cage by putting strut
(autologous posterior superior iliac crest) graft. After this the
screw rod construct was used to correct the deformity and
maintain the alignment of the spine. Postoperatively patients
were mobilized (depending on the amount of neurological
deficit—ranging from bedside mobilization, wheelchair
mobilization to gait training with or without assistance) from
the next day.

For outcome measures, we used LEMS to evaluate lower
extremity motor function. This score grades motor function on
a scale of 0 (no motor function) to 5 (full motor function) for each
of the following 5 lower extremity muscle groups: hip flexion
(psoas-L2), knee extension (quadriceps-L3), ankle and toe dorsi-
flexion (anterior tibialis-L4), great toe extension (extensor hallu-
cis longus-L5), and plantar flexion (gastrocnemius-soleus-S1).
The LEMS has a maximum of 50 points (25 points per side).
Changes in the score were categorized as no change (0 points of
change from preoperative score), some improvement or decline
(1-10 points of change), or major improvement or decline (>10
points of change).” To identify factors that influence postopera-
tive neurological improvement, we assigned patients to 2 groups
on the basis of a comparison with their preoperative and post-
operative LEMS: patients with a declined or same LEMS at
12-month follow-up, patients with <10 were put in one group
and those with >10 improvement in LEMS at the 12-month
follow-up were put in the other group. All the variables were
compared between these 2 groups.

The patients were given fixed dose combinations (FDC) of
anti-TB treatment as per the predefined weight bands in accor-
dance with Revised National Tuberculosis Control Programme
(RNTCP) of the Government of India after checking the drug
sensitivity pattern. The FDC tablets contain isoniazid (H),
rifampicin (R), pyrazinamide (Z), and ethambutol (E). The
streptomycin (S) injection is given separately in the intensive
phase. The patients were given 2 months of intensive therapy
(HRZES) and 6 months of continuation therapy (HRE). Pedia-
tric patients were treated according to the weight bands that
they belonged to with pediatric FDC tablets.

The patients with drug-resistant TB were treated with the
second-line antitubercular drugs like kanamycin, and fluoroqui-
nolones like levofloxacin and ethionamide according to their
drug sensitivity pattern and as per the advice of chest physicians.

Statistical Analysis

Data was entered into Microsoft Excel (Windows 7; Version
2007) and analyses were done using the Statistical Package for
Social Sciences (SPSS) for Windows software (version 22.0;
IMB Corp). Descriptive statistics such as mean and standard
deviation (SD) for continuous variables and frequencies and
percentages for categorical variables were determined. Associ-
ation between variables was analyzed by using chi-square test
for categorical variables. Paired ¢ test was used to compare
scores over time. Level of significance was set at .05.

Results

The average follow-up in our study group was of 28 months. Of
the 50 patients who met the inclusion criteria, 34 (68%) were
females and 16 were males (32%). The mean age was 34.7
years with SD of 17.6. Majority of the patients (30, 60%) had
2 vertebral level involvement while 3 vertebral levels were
involved in 11 (22%) patients, and 6% patients had 1- and 4-
level involvement each. A total of 38 (76%) cases were biopsy-
proven TB before surgery while in the remaining 24% culture
negative patients clinicoradiological diagnosis of TB was
established. Eight (16%) patients had tested positive for multi-
drug resistance. The time interval between appearance of neu-
rological deficit to decompression surgery was less than or
equal to 14 days in 9 patients (18%) while for the majority of
the patients (50%, 25 patients) it was 15 to 30 days. For 11
(22%) patients, this interval was 30 to 90 days while for 5
patients (10%) it was more than 90 days. The range was from
5 to 200 days with a mean of 41.12 days with SD of 43.13 days.

On admission, the mean LEMS score of the entire cohort of
patients was 27.72 with SD of 12.88. This score improved to
40.80 with SD of 10.46 at the end of 1 year (P < .001). The
average LEMS scores at different points of time are presented
in Table 1.

The 50 patients were divided into 2 groups: one group with
satisfactory improvement (of >10-point improvement in LEMS
score) and one with nonsatisfactory improvement (improve-
ment of <10 points, or deteriorated neurology, or no improve-
ment in neurology). As the time interval data between
neurological deficit and decompression surgery was skewed
ranging from 5 to 200 days, median was considered while
analyzing the time between neurological deficit to decompres-
sion. In the satisfactory improvement group, median was 23.50
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Table 2. The Time Between Appearance of Neurological Deficit and
Decompression Surgery Between the 2 Groups.

Table 3. Comparison Between the Satisfactory and Nonsatisfactory
Outcome Group for Different Clinicoradiological Parameters.

Satisfactory
(n =26), n (%)

Nonsatisfactory

Time to surgery (days) (n = 24), n (%)

<14 8 (88.9) 1 (11.1)
15-30 11 (44.0) 14 (56.0)
31-90 5 (45.5) 6 (54.5)
>90 2 (40.0) 3 (60.0)
Mean (SD) 34.85 (35.06) 48.46 (50.20)
Median 23.50 29.50

P = .110 (not significant)

and in the nonsatisfactory group it was 29.50 (P = .110, not
significant) (Table 2).

Presence of multiple drug resistance (MDR) was seen in 3
patients in the satisfactory outcome group and 5 patients in the
nonsatisfactory outcome group (P = .345). Table 3 shows the
comparison between the 2 groups across the different para-
meters. The only variable that differed significantly between
groups was the mean preoperative LEMS score, which was
34.62 in the satisfactory outcome group and 20.25 in the non-
satisfactory outcome group (P < .001, unpaired ¢ test).

Discussion

Tuberculosis of the spine, though dreaded, has got relatively
good prognosis if treated adequately and in a timely man-
ner. Antituberculous drugs remain the mainstay of treat-
ment, with surgery reserved for those with neurological
deficit.>'"°

Impaired neural function can recover to different degrees
after surgery; however, recovery in patients with severe neuro-
logical deficits is poor. The optimal time of surgical interven-
tion in spinal TB is not clearly defined.” In cases of spinal cord
injury, there are multiple articles that have recommended early
decompression of the spine within 24 hours yielding better
results than delayed decompression.'! However, there are also
studies that have found no significant difference between early
and delayed fixation of spine after spinal cord injury.'*'? Due
to paucity of available literature with regard to delayed decom-
pression in TB of spine with progressive paraparesis, we ana-
lyzed and compared our results with spinal cord injury patients,
which provides nearest resemblance to the nature of our study.
Fundamental difference in tuberculous versus traumatic spinal
cord compression is that in TB compression occurs gradually
providing time for neurological structures to cope with ongoing
compression. In the present study, the association of neurolo-
gical outcome with the time elapsed between the appearance of
neurological deficit and decompression surgery could not be
established, which was similar to study by Etienne Bourassa-
Moreau et al,'? who concluded that no significant difference in
the neurological recovery was present in patients with a thor-
acolumbar complete spinal cord injury who had early (<24
hours) versus late (>24 hours) surgery.

Lower Extremity Motor Score

(LEMS)
Satisfactory  Nonsatisfactory
(n = 26), (n = 24),

Parameter mean (SD) mean (SD) P
Age, years 35.63 (17.68) 33.75 (17.86) 710
Maximal spinal cord 0.370 (0.167)  0.357 (0.114) 754

compression (MSCC)
Mean preoperative LEMS ~ 34.62 (12.07)  20.25 (9.12) <.001*

score
Number of vertebrae 2.27 (0.53) 2.71 (1.30) 120

involved

*Statistically significant (P < .05).

In a study by Rahimi-Movaghar et al,"* the median interval

from injury to surgery was 6 days (range, 7 hours to 390 days).
Decompression, fusion, and adjunctive internal fixation were
the most commonly performed surgeries. Improvement in
spinal cord and bladder function was seen in 41.6% and
63.6% of patients, respectively. Root recovery was seen in
83.3% of patients.'* In our study, the range of the interval from
deficit to surgery was 5 to 200 days. A total of 26 (52%)
patients showed significant improvement (recovery of LEMS
score >10). LEMS was analyzed by Khashan et al® for the
postoperative neurological outcomes in deformity corrections
surgeries with 3-column osteotomies. In the present study, we
utilized LEMS score for judging the functional recovery in
thoracolumbar TB spine patients and classified neurological
improvement in 2 groups based on neurological improvement.

Kato et al,” in their review article, investigated if timing of
surgery had an effect on neurological recovery in the thoraco-
lumbar burst fractures. They concluded that with regards to
timing of operative management, high-quality studies compar-
ing early and delayed intervention are lacking.”

The above evidence although related to traumatic spine inju-
ries and neurological deficits has findings that correlate with
the findings of our study. In our case, the satisfactory improve-
ment group had median time interval from neurological deficit
to decompression surgery of 23.50 days and for nonimproved
group it was 29.50 days. (P = .110, not significant). In our
study, isolated compression of the spinal cord measured by
MSCC was not found to be directly associated with neurologi-
cal deficit and outcome. Most probable reason being compres-
sion occurring in gradual manner and thus the spinal cord
adapts to this slowly developing cord compression. The neural
complications may develop even at lesser canal compromise if
there is a simultaneous element of spinal instability. Studies
have shown up to 76% of canal compromise is compatible with
intact neurology.'® Hence, magnetic resonance imaging/com-
puted tomography—based cord compression evidence should
only be considered as supplementary to clinical evaluation for
decision making.'® In the present study, we could not find
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association between cord compression and neurological deficit
recovery (P = .754).

We found significant association between the preoperative
LEMS score and the satisfactory recovery (P < .001) and thus
this shows that preoperative neurological function is the single
most important determinant of integrity of spinal cord function.

Though we could not find significant association of individ-
ual factors like degree of cord compression, drug resistance, and
duration of cord compression in determining the neurological
outcome, we strongly believe that the complex interplay of mul-
tiple factors such as preoperative neurological function, cord
compression, duration of deficit, biomechanical instability, and
vascular insult play a role in determining the final neurological
outcome.

Complications

Three patients showed deterioration of neurology in postopera-
tive period. These patients were investigated further in detail
with the help of computed tomography scan to find out the
screw positioning. In 2 patients, medial wall breach was found.
Both the patients were immediately taken for revision surgery.
Both patients gradually improved over the period of 1 weeks’
time. In the other patient, the exact cause for the worsened
neurological outcome postoperatively could not be ascertained
and hence intraoperative spinal cord injury was suspected.

Two cases had dural tear due to thick epidural cuff forma-
tion. It was treated by suturing with 5-0 polypropylene suture
along with acetazolamide postoperatively'”'® and delayed
mobilization as per our institutional protocol.

Three patients had postoperative infections of which 1 was
deep and 2 were superficial. Patients were taken for debride-
ment and thorough lavage. Local antibiotic depot in the form of
vancomycin powder in addition to systemic antibiotics as per
the culture sensitivity report was used.

The limitations of our study include limited sample size,
exclusion of cervical spine TB patients, retrospective design
of the study, and also LEMS scoring system, which even
though allows for quantitative neurological outcome evalua-
tion, does not differentiate between deficits in different mus-
cles within the lower extremities. For example, although
quadriceps weakness is functionally much more disabling to
the patient than the weakness of extensor hallucis longus, the
weightage given to both of them for calculating the score is
the same.

However, there exist scant data evaluating the delayed
decompression in tuberculosis of spine with progressive neu-
rological deficit. What is needed to answer definitely the ques-
tion regarding the timing of surgery following progressive
neurological deficits is a well-designed, prospective, rando-
mized controlled, multicenter trial producing class I data.
Because of ethical concerns, however, such a study does not
appear to be feasible.

In conclusion, our study indicates that preoperative neuro-
logical status has significant bearing on postoperative neurolo-
gical outcome. Also, there is significant scope for neurological

improvement even after delayed decompression and fixation in
cases of tuberculosis of spine with progressive neurological
deficits. Thus, the patients who present late to competent health
care facilities, particularly in developing nations, owing to
multitudes of socioeconomical and logistic issues and delays,
can still expect a fair amount of recovery after decompression

surgery.
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