Results of anterior decompression and
fusion in thoracic spinal tuberculosis patients
presenting with advanced neurological deficit:
A prospective mid-term follow-up study
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Abstract
Background: Advanced neurological complication following thoracic spinal tuberculosis can cause significant
morbidity requiring surgical intervention. The aim of the present study was to evaluate the results of transpleural
anterior decompression and fusion with or without instrumentation in tuberculous paraplegic patients of thoracic
spinal affection.
Methods: A prospective study was conducted on all eligible patients with modified Tuli SM classification system
stage III-V neurological impairment following thoracic spinal tuberculosis and who underwent transpleural
anterior decompression and fusion at a tertiary care hospital between July 2016 and September 2019. The nominal
variables were presented using frequency and percentage. Chi-square test for significance was used to test the
significance of association between variables. Z-test for single proportion was used to compare the proportions.
The level of significance was set at 5% and all p-values less than 0.05 were treated as significant.
Results: Seventeen patients met the inclusion criteria with highest incidence between 25-34 years age group
in both sexes. Of all patients (n=17), 14 patients (82.35%) achieved complete or near complete neurological
recovery within 3 months, while 2 patients (11.76%) had partial recovery (ambulation with some support) and 1
patient (5.88%) failed to show any improvement at final follow-up.
Conclusion: Surgical management involving transpleural anterior decompression and fusion with or without
instrumentation gives good neurological and functional outcomes in tuberculous paraplegic patients of thoracic
spinal affection as it allows through and complete decompression of pathological focus by directly addressing the
pathological focus under vision.
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INTRODUCTION
Spinal tuberculosis is one of the most ancient diseases known to human
race which has been reported from Egyptians mummies dating as far
back as 3400 BC [1]. Only eight countries account for around two third
of global burden of tuberculosis of which India (27%) constitute the
maximum prevalence of cases [2]. In spite of initial success following
advances in early diagnosis and improved management, tuberculosis
continues to be a major health concern worldwide due to emergence
of Multidrug Resistant (MDR) strains, resurgence of HIV infection and
global migration phenomenon [3]. Around 10% of patients with extrapulmonary tuberculosis have skeletal affection with spinal involvement
seen in 50% of cases followed by the hip and the knee [4].

Neurological complication is the most dreaded consequence of
tuberculosis of spine [5]. It is more commonly encountered in
thoracic region because of narrow spinal canal diameter and can
quickly progress to cause paraparesis or even paraplegia. Although
neurological complications are best managed by prevention,
surgical intervention is often required in advanced cases or in those
who fail to respond to medical therapy [6].
Various surgical techniques have been described in literature to access
the pathological lesion at different levels of vertebral column such as
anterior approach, posterior approach, global reconstruction by posterior
alone approach or combined procedures [7]. The anterior approach
is regarded as the gold standard for debridement and decompression
of tuberculosis of spine [8]. In thoracic spinal affection this can be
achieved by thoracotomy, extrapleural (antero-lateral) approach and
posterior transpedicular approach [9]. The aim of the present study was
to evaluate the results of transpleural anterior decompression and fusion
with or without instrumentation in tuberculous paraplegic patients of
thoracic spinal affection.

METHODS
STUDY DESIGN
Institutional Ethics Committee approval was sought and granted before
commencement of the present study. Written informed consent was
obtained from all patients before they were enrolled. A prospective trail
was performed on all consecutive patients who fulfilled the inclusion
criteria and were operated for tuberculous paraplegia following thoracic
spinal affection at a tertiary care hospital in the state of Maharashtra,
India, between the duration July 2016 and September 2019.
STUDY POPULATION
Out of the 187 patients who were admitted with a diagnosis of
tuberculosis of spine, 17 patients were found to be eligible and thus
included in the present study (Figure 1).
INCLUSION AND EXCLUSION CRITERIA

All patients above 18 years of age with tuberculosis of spine involving
the thoracic region and presenting with modified Tuli SM classification
system stage III to stage V neurological impairment who underwent
surgical intervention by a single senior spine surgeon at a tertiary care
referral centre were included in the present study [10]. Conversely,
patients managed on medical therapy; operated for stage I and
stage II neurological impairment; non availability of bacteriological
confirmation of diagnosis; age <18years; unwilling to consent for
participation or follow-up less than 6 months were excluded.
SAMPLE SIZE CALCULATION
A pre-hoc analysis was carried out based on a previous study reference
using the formula mentioned below. In order to achieve 80% power, 5%
level of significance and 9% margin of error, the required sample size
was 15. Considering a non-response rate of 10% the final sample size
was calculated to be 17.
Zα
(1 − p)
Formula:
, Where,
× p×
2
MOE 2
Zα
2

: is the critical value of Normal distribution at

MOE: is the margin of error = 9%

α

2

= 1.96

p: is the sample proportion = 5%
DATA COLLECTION AND MEASUREMENTS
All the data was electronically collected and stored in Microsoft Excel
spreadsheet. Demographic and baseline characteristics such as age,
gender, occupation and socio-economic status were recorded for all
patients. A detailed history and through clinical examination including
neurological assessment was performed. Neurological impairment was
staged based on classification system suggested by Tuli SM et al and
modified by Jain AK et al. This classification system was preferred as
it not only stages all cases of paraplegia but also reflects the severity of
cord compression by the addition of sensory and motor deficit scores.
Stage 1, Patient unaware of neural deficit, clinician detects plantar
extensor and/or ankle clonus.
Stage 2, Patient has spasticity with motor deficit but is a walker.
Anticipated motor score in paraparesis is between 80 and 100. Sensory
impairment involves the lateral column.
Stage 3, Bedridden spastic patient. Anticipated motor score for
paraplegia is 50-80. Sensory impairment is same as in stage II
Stage 4, Bedridden patient with severe sensory loss, and/or pressure
sores. Anticipated motor score in paraplegia is 50. Sensory impairment
of both lateral and posterior column
Stage 5, Same as stage IV and/or bladder and bowel involvement, and
flexor spasm/flaccid tetraplegia/paraplegia
Pre-operative patient preparation included routine laboratory
investigations and anaesthetic fitness for all patients. Imaging modalities
such as radiographs (antero-posterior and lateral views) and MRI
scan were obtained to assess location and extension of tuberculosis
lesion. Final diagnosis was confirmed based on histopathological and/
or microbiological examination of biopsy samples obtained intraoperatively.
ANTI-TUBERCULAR CHEMOTHERAPY PROTOCOL
All eligible patients who underwent surgical intervention were
started with extended course of anti-tubercular chemotherapy preoperatively at the time of diagnosis consisting of 2 months of intensive
phase including four drugs (isoniazide, rifampicin, pyrazinamide and
ethambutol) followed by 10-16 months of continuation phase based on
patients clinical outcome including three drugs (isonazide, rifampicin
and ethambutol [11].
SURGICAL TECHNIQUE

Fig 1: Flowchart showing patient enrolment and follow-up

Trans-pleural anterior spinal fusion was done in all patients. The patient
was placedin right lateral position with sand bag below the chest at the
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level of the lesion.
Incision was made along the rib in the mid-axillary line opposite the
point of maximum convexity of kyphosis. This was usually two ribs
higher than the centre of vertebral lesion. To remove the 3rd, 4th and 5th
rib, ‘J’ shaped Para scapular incision was taken. The scapula was lifted
off the chest wall after dividing the scapula-thoracic muscles. To remove
the 6th rib, a slightly curved incision passing around the inferior angle of
the scapula was taken. The 7th, 8th and 9th ribs were removed by a straight
oblique incision along the ribs.
The superficial muscles were cut in layers while the periosteum of the
chosen rib was cut as far forwards and backwards as possible. The rib was
removed and kept sterile for use as bone graft later. A small incision was
made in the rib bed. A self-retaining retractor was applied to open the
space by retracting the ribs. After retracting the lungs, the paravertebral
abscess and aorta were visualised. A vertical incision was made in the
groove between the aorta and abscess necessary to expose the diseased
vertebra. Intercostal vessels were exposed and ligated in continuity.
Aorta was displaced forwards and medially away from the spine and
the abscess was palpated across the front of the vertebral body. The
abscess was opened by ‘H’ shaped incision. The flaps were retracted by
means of stay sutures and the lesion was visualized after draining all the
pus and debris. All the granulation tissue, sequestra, caseous material
and pus was removed carefully till fresh bleeding bone was exposed on
both sides. Cord was decompressed carefully. Slots were made in the
normal vertebrae above and below the lesion in the coronal plane at
about the midline. The distance between the slots was measured with
caliper. The bone graft from the iliac crest was cut to the required size
and inserted, while the kyphosis was sprung open and the pressure was
released. The abscess was closed after through irrigation of the abscess
cavity. Intercostal drainage tube was kept in the pleural cavity and the
incision was closed in layers.
POST-OPERATIVE PROTOCOL AND FOLLOW UP
All patients were treated with strict bed rest for 6 weeks post-surgery.
Surgical drain was usually removed after 72 hours. Patients were
followed up at 6 weeks, 3 months, 6 months, 1 year and at 2 years
post-operatively. At each follow up detailed clinical and neurological
assessment was performed. Parameters such as weight, ESR, peripheral
blood smear and sputum examination were routinely measured.
Radiographs and MRI scan were taken at 3 months followed by every
6 months to assess for graft fusion and healing of lesion. Follow up of
cases was done till a maximum duration of 2 years.
STATISTICAL ANALYSIS
The data was recorded on case sheet and then entered into MSExcel worksheet. Further analysis was carried out using IBM SPSS
Statistics 27.0. The nominal variables were presented using frequency
and percentage. Chi-square test for significance was used to test the
significance of association between variables. Z-test for single proportion
was used to compare the proportions. The level of significance was set at
Table 1: Demographic and clinical characteristics of patients (n=17).
Age (years)
18-24
25-34
35-44
45-54
55-64
≥ 65

Male
Female
Total (n=17)
1
1
3
2
5
7
1
1
1
0
3
3
1
1
2
1
0
1
6
11
17
Z= -1.213, p=0.2253, Not significant
Associated medical comorbidities, n=17(%)
Diabetes
3(17.64)
Hypertension
3(17.64)
p>0.05, Not
significant
Ischaemic heart disease
1(5.88)
Hypercholesterolaemia
17 (4) 2022

1(5.88)

3

Staging of tuberculous paraplegia, n=17(%)
11(64.70)
Chi-square=7.882,
p=0.019,
4(23.52)
Significant at 5%
V
2(11.76)
level
Duration of neurological symptoms at presentation. n=17(%)
≤1 month
7 (41.17)
Chi-square=9.765,
1 to 3 months
6 (35.29)
p=0.045,
3 to 6 months
2 (11.76)
Significant at 5%
6 to 12 months
1(5.88)
level
≥12 months
1 (5.88)
III
IV

Table 2: Laboratory findings and radiological characteristics of patients (n=17).
Pre-operative haemoglobin level (gm%), n=17(%)
6.0-8.0
1
8.1-10.0
4
10.1-12
8
12.1-14
3
≥ 14
1
ESR (mm/hr at end of first hour) Pre-operative
Post-operative
≤ 20
1
2
20-40
2
12
41-60
3
2
61-80
2
1
81-100
6
0
≥ 100
3
0
p<0.001, Significant at 1% level
Number of vertebra involved, n=17 (%)
One
5 (29.41)
Two
8 (47.05)
More than two
4 (23.52)
p>0.05, Not significant
Table 3: Assessment of neurological and radiological outcome, (n=17)
Degree of neurological recovery at final follow-up, n=17
Pre-operative stage of
Complete
Partial
None
Total
neurological impairment
III
11
11
IV
3
1
4
V
0
1
1
2
Time taken for optimal neurological recovery, n=17
Time to recovery
Complete
Partial
None
6 weeks
9
3 months
4
6 months
1
1
12 months
24 months
1
1
Radiological healing of lesion (months), n=17
01-Mar
4
03-Jun
6
06-Sep
4
09-Dec
3

5% and all p-values less than 0.05 were treated as significant.

RESULTS
The distribution of demographic and clinical characteristics of
patients (n=17) is as shown in Table 1.
Highest incidence of patients was seen between 25-34 years age group in
both sexes. Higher female preponderance comprising of about two third
(64.70%) of all patients was observed. Majority of patients (52.93%)
belonged to low socio-economic class comprising of labourers and
farmers who were engaged in strenuous physical activity. Among the
associated symptoms along with neurological impairment, backache was
the most consistent symptom reported by all patients (100%) followed

4

ANIL KHANDEKAR, JATIN BADGUJAR, SHREY BINYALA, PRAVEEN KUMAR ANBALAGAN

majorly by constitutional symptoms (49.50%) and spinal deformity
(29.26%). In terms of pre-operative staging of neurological impairment,
almost two third (64.70%) of patients belonged to stage III. Although
wide variation was observed, majority (76.47%) of patients presented
within 3 months of onset of neurological impairment. Pulmonary
tuberculosis was the most common (11.10%) associated tuberculosis
lesion. The laboratory and radiological imaging characteristic findings
are illustrated in Table 2.
High proportion of patients (35.29%) had pre-operative ESR values
ranging between 81-100 (mm/hr). All patients showed uniformly
regressing trend of their respective ESR values in the post-operative
period. A high proportion of patients had involvement of ≥2 vertebrae
(70.57%). Although 7 patients (41.17%) showed clinically apparent and
radiologically confirmed evidence of cold abscess, 2 (11.76%) additional
patients had cold abscess identified intraoperative.
Table 3 depicts the degree of neurological recovery compared to preoperative severity and time duration taken for recovery.
Complete recovery was seen in most patients (n=14) by the end of
3 months. Two patients, one each of stage IV and V severity had no
neurological improvement at final follow-up. More than half (58.82%)
of patients showed radiological evidence of healing of lesion within first
6 months of post-operatively.

DISCUSSION
In the present study, amongst the 17 patients operated for thoracic spinal
tuberculosis with advanced neurological deficit who were evaluated, 14
patients (82.35%) achieved complete or near complete neurological
recovery within 3 months, while 2 patients (11.76%) had partial
recovery (ambulation with some support) and 1 patient (5.88%) failed
to show any improvement at final follow-up. Our results are comparable
to findings reported by Tuli SM et al. in his later series of tuberculous
paraplegic patients analysed between year 1987 and 2000. In his series
with more than 400 patients, 85% had complete recovery, 8% had partial
recovery and negligible recovery was seen in 7% of patients [12]. Results
of the present study are also in line with findings reported by other
studies [13,14].
Development of neurological complications is most commonly seen
in thoracic spine affection because of narrow spinal canal diameter
in this region as well as physiological thoracic kyphosis which forces
pathological lesion into the spinal canal. Incidence of neurological
deficit in patients with spinal tuberculosis can vary widely from 23%
to 76% [15]. Left untreated it can progress to paraplegia or tetraplegia.
Transpleural anterior spinal decompression and fusion was performed
in all patients with additional instrumented stabilization in patients with
loss of >2 vertebral body height (n=3, 17.64%). Anterior spinal fusion
as popularized by Hodgson et al was favoured in the present study as
it allows complete extirpation of the diseased focus via direct access to
pathological site as well as placement of bone graft under compressive
loads for reliable fusion [16,17]. Posterior spinal fusion on the other
hand removes posterior healthy parts of the vertebrae leaving the spine
unstable and also fails to directly address the pathological focus lying
anteriorly. Intra-operative surgical findings in various combinations
including granulation tissue (70.58%), cold abscess (52.94%), bony
sequestra (58.82%) and disc sequestra (52.94%) encountered in our
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