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Abstract

Study design Retrospective review of consecutive series.

Objective To assess the clinical and radiographic outcomes after surgical management of post-tuberculous kyphosis.
Summary of background data Post-tuberculous (TB) kyphosis can lead to progressive pulmonary and neurological dete-
rioration. Surgery is indicated to decompress neural elements and correct the spine deformity. Although posterior vertebral
column resection (PVCR) has been established as the treatment of choice for severe TB kyphosis, there is paucity of studies
on the clinical outcomes among patients treated in West Africa.

Methods Clinical and radiographic data of 57 patients (pts) who underwent surgical correction of post-TB kyphosis at a
single site in West Africa between 2013 and 2018 (> 2-year follow-up in 36 pts, > 1-year FU in 21 pts). Pre- and post-op
SRS scores and radiographic outcomes were compared using Paired  test.

Results 57 patients, 36M:21F. Mean age 19 (11-57 years). 22/57 pts (39.3%) underwent pre-op halo gravity traction (HGT)
for an average duration of 86 days (8—144 days). HGT pts had a higher baseline regional kyphosis (125.1 +20.9) compared to
non-HGT pts (64.6+31.8, p <0.001). Post-HGT regional kyphosis corrected to 101.2 +23 (24° correction). 53 pts (92.9%)
underwent posterior-only surgery and 4 (7.0%) combined anterior—posterior surgery. 39 (68.4%) had PVCR, 11 (19.3%) PSO,
and 16 (28.1%) thoracoplasty. Intraoperative neuromonitoring (IOM) signal changes occurred in 23/57 pts (% 40%), dural
tear in 5 pts (8.8%), pleural tear in 3 pts (5.3%), ureteric injury in 1 pt (1.7%), and vascular injury in 1 pt (1.7%). Post-op
complications included four (7.0%) infection, three (5.3%) implant related, two (3.5%) radiographic (one PJK and one DJK),
one (1.7%) neurologic, one (1.7%) wound problem, and two (3.5%) sacral ulcers. IOM changes were similar in the VCR
(48.7%) and non-VCR (23.5%) pts, p>0.05. Complication rates were similar among HGT and non-HGT groups. Significant
improvements from baseline were seen in the average SRS Total and domains scores and radiographic measurements for
patients who attained 2-year follow-up.

Conclusion PVCR +HGT can provide safe and optimal correction in cases of severe post-TB kyphosis with good clinical
and radiographic outcomes in underserved regions.

Keywords Post-TB kyphosis - Halo gravity traction - Vertebral column resection - Underserved regions
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in association with Human Immunodeficiency Virus (HIV)
infections. Still, TB remains more associated with low-
socioeconomic status which is a problem in developing
countries particularly in Africa [4, 5].

Chemotherapy is the treatment of choice for uncompli-
cated spinal TB which can still lead to an average residual
deformity of 15°. Up to 5% of patients develop a deformity
higher than 60° with conservative treatment [6—9]. Patients
presenting with neurological deficits, instability or pro-
gressive deformity require early surgical decompression
and stabilization to limit complications [9, 10].

Post-TB kyphosis is especially problematic in pediatric
patients, particularly those under the age of 5 years, as it
continues to worsen with growth, leading to progressive
spinal deformity [11, 12].

Progressive spine deformity, not only leads to func-
tional and psychological impairment but can also result
in restrictive cardiopulmonary disease and potential neu-
rologic deficits even many years after resolution of the
initial infection. These complications can be avoided by
early surgical decompression and correction of kyphosis
if it increases beyond 60° [13-15].

In such patients, circumferential resection of the gib-
bus with spinal cord decompression and reconstruction
of the spinal column prevents late neurological complica-
tions and helps to create a more physiologically balanced
spine which further prevents accelerated degeneration in
the adjacent periapical segments.

Different techniques have been described to correct
kyphotic thoracic deformities including anterior trans-
thoracic, anterolateral, costotransversectomy pedicle sub-
traction osteotomy (PSO) and posterior vertebral column
resection (PVCR).

Historically, anterior trans-throracic osteotomy has been
utilized, but provided limited access in severe deformities
as well as limited correction when posterior elements are
fused. It also posed increased neurological risks due to
stretching of the spinal cord [16].

PVCR has been established as a safe and effective tech-
nique to correct complex deformities, allowing circum-
ferential neural decompression as well as simultaneous
shortening of the posterior column along with lengthening
of the anterior column and translation when needed to
achieve optimal correction. Compared to other techniques,
PVCR is a posterior approach without trans-thoracic inva-
sion [17-20].

There is paucity of studies on spinal TB patients treated
in West Africa. In this study, we report the clinical and
radiographic outcomes on 57 patients with severe post-TB
kyphosis corrected with PVCR technique with and with-
out pre-operative halo gravity traction (HGT) at a single
institution in West Africa.
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Materials and methods

This is a retrospective study conducted on 57 consecutive
patients with post-TB kyphosis who underwent surgical
correction between 2013 and 2018 (> 2-year follow-up
in 36 pts and > 1-year follow-up in 21 pts). Pre-operative
standing X-rays as well as serial traction (for patients
undergoing HGT) and post-operative follow-up X-rays
were obtained.

Pre- and post-operative sagittal spinal parameters were
measured on all X-rays by two fellowship trained spine sur-
geons. Pre/post-operative SRS scores were obtained. Paired
t test was performed to compare pre-op and post-op SRS
scores and radiographic changes. Data on estimated blood
loss (ml), estimated blood volume (EBV) loss (%), surgical
time and the details of post-op complications were obtained.

Patients who were deemed to have a severe, rigid or
short and sharp angular regional kyphosis (Gibbus) pre-
operatively exceeding 90° (22 pts) were put in HGT and
followed with serial standing traction X-rays for incremen-
tal improvement of the deformity. All patients received a
nutritional program and physical therapy pre- and post-
operatively to optimize physiologic status before surgery.

All patients were followed at regular intervals with a
clinical exam, SRS outcome assessment, and standing
X-rays for assessment of spinal alignment, implant posi-
tion and boney fusion.

Traction protocol

Halo gravity traction was recommended for patients with
severe and rigid sagittal, curves that did not reduce to less
than 100° on hyperextension. Patients requiring pre-oper-
ative HGT had halo rings placed under conscious seda-
tion and using standard techniques. In addition, given the
severity of the deformity, the ideal design of the halo ring
should be open over the occipital region to account for
the extreme instrument angulations required during screw
placement in upper thoracic pedicles.

Patients were placed in full-time spring-loaded traction
devices (20 +h/day) designed to allow walking, sitting and
sleeping in traction. They were taken out of the traction
systems for meals and personal hygiene.

Traction is started at 20% of body weight and incremen-
tally increased by 10% each week till a maximum of 50%
of body weight is reached by end of third or fourth week.
Pin sites were checked and cleaned daily and tightened at
least once a week. Regular neurologic examinations were
done to document any neurologic complications.

All patients had daily physical therapy sessions in
traction devices to encourage mobility and optimize
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pulmonary function. Standing AP/lateral X-rays were
obtained every 4 weeks to assess deformity correction.

Surgical technique

The majority of patients underwent posterior vertebral col-
umn resection with or without pre-operative HGT.

All procedures were supervised by the senior author
(OBA) and done under total intravenous general anesthe-
sia (TIVA) not to interfere with multi-modal Intraoperative
Neuromonitoring (IONM) which was done for all cases.

After obtaining a pre-position neuromonitoring baseline,
patient was positioned prone on a well-padded radiolucent
table with chest and hip supports. Intraoperative traction
was utilized in patients with pre-operative HGT. Intraop-
eratively, patients were put in only “half” the maximum trac-
tion weight they reached pre-operatively (which was 50%
of body weight); thus, intraoperative traction was roughly
25% of body weight, distributed between halo device on
the skull and counter-traction on each lower extremity via
traction boots.

Following a midline incision, meticulous subperiosteal
exposure was done to at least three levels above and below
the apical osteotomy site. Pedicle screws were inserted using
free hand technique.

After confirmation of screws position with fluoroscopy,
PVCR was undertaken.

At the level of osteotomy, exposure of the ribs on both
sides was done followed by resection of the proximal rib
including the rib head (3—5 cm). At this point, the thoracic
neuro-vascular bundle are ligated to allow better exposure of
the anterior column without much traction on the cord. We
then proceeded to expose the lateral surface of the vertebral
body on both sides all the way to the anterior margin of the
body. The maximum number of nerve root transected was
three pairs.

At this point, a short temporary rod is placed on one side
to stabilize the segment during the osteotomy. A wide lami-
nectomy at the PVCR site and extending to a level above
and below is then done to avoid cord impingement follow-
ing later correction. Extra care should be taken to avoid any
injury to the cord that is usually attenuated and draped along
the internal gibbus. Special care should be taken in post-
infectious cases due to the adhesions and scarring of the
dura.

After isolation and excision of the pedicle, a sharp oste-
otome or high-speed burr is used to cut through the vertebral
body mass anteriorly which is often made up of multiple
segments in post-TB kyphosis. Care should be taken to
remove the intervertebral discs above and below the resected
bodies to allow good bony fusion.

After moving the temporary rod to the opposite side, the
same steps are repeated on the other side until complete

excision of the anterior mass is achieved. Finally, the poste-
rior wall of the vertebral body mass (internal gibbus) should
be carefully dissected from the cord and broken free with a
special tamp or posterior wall cutting device.

Correction of the deformity can now be done either by
incremental compression at the osteotomy site on each side
or by simultaneous in situ bending of the temporary rods
bilaterally until maximum correction is achieved. Posterior
shortening correction maneuvers can be aided by distraction
of the anterior column using a laminar spreader.

Finally, a mesh cage with bone graft can be inserted if
there is an anterior gap larger than 5 mm which provides
anterior column support and better boney union. Small ante-
rior gap below 5 mm were grafted with local bone.

Temporary rods can now be exchanged with final rods.
Additional rods can also be added to provide more stability
at the osteotomy site till complete boney fusion.

Final position of implants and spinal alignment is con-
firmed by long X-ray films intraoperatively and IONM
checked before closure.

Descriptive statistics on baseline characteristics, surgi-
cal details, and immediate post-op complications were con-
ducted on all the 57 patients. Analysis of clinical outcomes
and radiographic outcomes and SRS-22 scores at 2-year
follow-up were reviewed for 36 (63.2%) patients.

Results

57 patients, 36M:21F. Mean age 19.6 (11-57 years). There
were 34 (59.6%) Sierra Leoneans, 14 (24.6%) Ethiopians, 7
(12.3%) Ghanaians, 1 (1.7%) Nigerian and 1 (1.7%) Tanza-
nian. Average pre-op BMI was 20.5 kg/m?.

Pre-op HGT was utilized in 22 pts (39.3%) at an average
duration of 86 days (8—144 days). Patients who underwent
pre-operative HGT had higher baseline regional kyphosis
(125.1°4+20.9°) compared to the non-HGT treatment group
(64.6°+31.8°, p<0.001). Mean post-HGT regional kypho-
sis was corrected to 101.2 +23.1 representing about 24°
corrections (Table 1). A slight majority of patients (52.6%)
had an apex in the thoracic region, 45.6% had lumbar apex
and 1.8% in the cervical region. Three patients (5.3%) had
baseline paralysis from severe post-TB deformity.

The average surgical time was 305.0 +93.3 min. The aver-
age surgical blood loss as a percentage of estimated blood
volume (i.e., %EBV loss) was 60.5 +26.3%. 53 patients
(93.0%) underwent posterior-only surgery while four (7.0%)
had combined anterior—posterior surgery. 39 (68.4%) had
PVCR, 11 (19.3%) had pedicle subtraction osteotomy (PSO),
16 (28.1%) had thoracoplasty, and the remainder had pos-
terior column osteotomy (PCO) only. Three patients (5.3%)
had evacuation of psoas abscess in addition to their primary
surgeries.
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Table 1 The baseline
differences in curve magnitudes

between patients who
underwent pre-operative halo
gravity traction (HGT) and
those who did not

Pre-HGT (no) Pre-HGT (yes) p value
Pre-op regional kyphosis (°) 64.6+31.8 125.1+20.9 <0.0001
Post-op regional kyphosis correction (%) 61.2+37.1 69.8+12.6 0.33
Pre-HGT Post-HGT
Changes in regional kyphosis after HGT 125.1+20.9 101.2+23.1 0.0002

It also shows the effect of HGT on regional kyphosis

HGT halo gravity traction

Table2 Pre-op and post-op SRS scores and radiographic measure-
ments

Pre-op Post-op follow-up  p value

SRS scores

SRS total 29+0.6 3.9+0.7 <0.001

Function 29+0.8 3.6+1.1 0.009

Pain 34+0.8 4.0+0.9 0.012

Self-esteem 20+1.0 39+1.1 <0.001

Mental 34+0.5 4.0+0.9 0.006

Satisfaction 24+14 4.2+0.7 <0.001
Sagittal Cobb (°) measurements

T2-T5 —-1.8+12.8 8.2+10.3 0.001

T5-T12 474+540 30.0+19.2 0.031

T2-T12 42.8+499  35.7+18.0 0.334

T10-L2 51.5+525 14.6+16.8 <0.001

L1-S1 55.8+34.1 38.6+17.0 0.003

Regional kyphosis 96.4+36.1 28.9+16.8 <0.001
Sagittal alignment

SVA 434+56.5 343+34.1 0.250
Pelvic parameters

Pelvic incidence 412+12.5 403+123 0.158

Sacral slope 21.8+142 253+123 0.075

Pelvic tilt 184+139 13.8+99 0.034

Intraoperatively, the prevalence of neuromonitoring
(IOM) signal changes was 23/57 (~40%), dural tear 5
(8.8%), pleural tear 3 (5.3%), ureteric injury 1 (1.7%), vas-
cular thoracoplasty injury 1 (1.7%), and 1 (1.7%) other.
Post-operative complications included four (7.0%) infection,
three (5.3%) implant related, two (3.5%) radiographic [one
proximal junctional kyphosis (PJK) and one distal junctional
kyphosis (DJK)], one (1.7%) neurologic, one (1.7%) wound
problem, and two (3.5%) sacral ulcers. Rate of IOM changes
was similar in the VCR (48.7%) and non-VCR (23.5%)
patients, p=0.154. There was no difference in complica-
tion rates between HGT and non-HGT groups.

Significant improvements from baseline were seen
in average SRS Total and domains scores among the 36
patients (63.2%) with minimum 2-year follow-up. Signifi-
cant changes were observed in all sagittal Cobb measure-
ments at follow-up except T2-T12 Cobb (Table 2).

@ Springer

Overall, pre-op regional kyphosis (96.4° +36.1°) cor-
rected to 28.9° +16.8° (~ 68.8%° correction) at 2-year
follow-up (p <0.0001). Pelvic tilt significantly improved
post-op but not pelvic incidence and sacral slope (Table 2).

A case study of a TB kyphotic patient treated with pre-op
HGT and subsequent PVCR has been presented as shown in
Figs. 1,2,3,4,5,6,7.

Discussion

TB is prevalent in developing countries particularly in sub-
Saharan Africa. This is mainly due to low-socioeconomic
status and crowded living conditions [5]. Due to the defi-
ciency in medical care, a large number of patients suffering
from pulmonary and hence spinal TB do not receive early
treatment which leads to complications including progres-
sive post-TB kyphotic deformity.

Spinal TB usually starts in the vertebral body through
hematogenous spread but can also spread sub-ligamentously
to affect multiple contiguous vertebral bodies with delayed
destruction of intervertebral discs thus creating a single
kyphotic boney mass made up of contiguous fused segments
[21-23].

Early neurologic complications can occur due to the mass
effect of a cold abscess or boney fragments on the cord or in
rare instances infection of the cord itself or interruption of
arterial blood supply [24, 25].

Delayed neurological complications can also occur many
years after healing of the acute phase if a severe and progres-
sive kyphotic deformity develops due to constant compres-
sion of the cord by boney internal gibbus [26]. In addition,
such deformities can cause restrictive cardiopulmonary
dysfunction on patients along with the functional and psy-
chological impairment due to the deformed and unbalanced
posture [15, 27].

Various approaches and techniques have been described
for management of severe post-TB kyphosis including trans-
thoracic anterior decompression alone and fixation with iliac
crest graft which provided little correction of the deformity
and was mainly utilized for neural decompression in patients
with late-onset neural deficits [28, 29].
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Fig. 1 Pre-op clinical picture of
a 16-year-old male with severe
post-TB kyphotic deformity at
thoracolumbar junction with
shortening of the trunk. No
neurologic deficits

Pre Op

Pre Op Manual Traction

Fig.2 Pre-op AP/lateral X-rays showing a regional kyphosis of 143° with L1 Apex and compensatory thoracic lordosis of 27° and lumbar
hyper-lordosis of 68°. Manual traction showing kyphosis correction to 119°

Chunguang et al. utilized a combined anterior/posterior
approach for correction of the deformity with good results;
however, the initial angle of kyphosis was relatively small
with an average of 55.8° and reduced to 21.7°. This tech-
nique required two-staged procedures with prolonged hospi-
tal stay. Moreover, the anterior approach is unable to provide
good access to severe deformities beyond 60° [30].

In recent years, posterior based three-column osteotomies
such as PSO and PVCR have been established as effective

techniques in correcting large deformities. While PSO can
provide up to 30-40° of correction per level in the lum-
bar spine segments and was utilized in our study on some
patients, there is generally limited correction obtained in the
thoracic spine so it may not be suitable for the high-degree
kyphosis usually associated with TB due to destruction of
multiple segments. In addition, posterior shortening of the
spinal column alone may pose increased risk due to severe
kinking of the cord [31, 32].

@ Springer



782

Spine Deformity (2021) 9:777-788

Fig.3 Pre-op CT/MRI showing draping of the cord over the internal gibbus, no other neural axis abnormalities

Pre Op 16 Wks HGT

Pre Op 16 Wks HGT

Fig.4 Following 16 weeks of HGT, baseline regional kyphosis (143°) corrected to 104° (27%) with lengthening of the trunk and clinically

noticeable reduction of the gibbus

In a study by Bezer et al. utilizing PSO to correct post-
TB kyphosis on 16 patients, they reported no neurological
complications and correction of sagittal balance from 68 to
12 mm. The initial regional kyphosis in this study group was
low, however, and was corrected from a mean of 30°-12°
[33].

Kalra et al. reported on 15 patients with post-TB kypho-
sis all in the thoracolumbar and lumbar region treated
using PSO technique. Mean pre-op kyphosis was 58.8°
(34°-100°). The mean immediate post-operative kyphosis
was 13.7° (0°-40°). They had no neurologic complications
and one case with deep infection requiring debridement [34].

The VCR technique on the other hand was described by
Suk et al. [20] for correction of severe spine deformities
through a posterior-only approach and is more suitable for
rigid post-TB thoracic deformities. In their study on 70
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patients with severe kyphosis, a subgroup of 25 patients
with post-TB kyphosis had a deformity of 68° +34°
that was corrected to 12° +24° by this technique. They
reported the complications in that subgroup to include
one complete cord injury, two root injuries, two hema-
toma, one fixation failure, one infection and three hemo-
pneumothorax. They concluded that although technically
demanding, PVCR provided excellent correction while
avoiding the complications associated with anterior tho-
racic approach [20].

Wang and Lenke described a vertebral decancellation
technique in correction of severe kyphosis in 45 patients
of whom 16 had post-TB deformity with a mean of 98.61°
and were able to achieve a mean kyphosis of 31° at 2-year
follow-up with 1 patient reported to have post-operative
paraplegia and 4 with transient neurological deficit [35].
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Fig.5 a Intraoperative, photos
of vertebral column resection
(VCR) T11-L1 PSF T3-L5;

b Temporary rods and central
decompression; ¢ Four rods
connected with dominos + ante-
rior mesh cage, local bone

graft +ribs, SSEP/MEP were
stable throughout the procedure,
no complications

Fig.6 Post-operative X-rays
showing correction of regional
kyphosis to 32° and lumbar lor-
dosis of 36° with good sagittal
and coronal balance

crYS:0r ar
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Fig.7 Six weeks post-operative clinical pictures showing restored sagittal and coronal alignment, restoration of normal trunk length and com-

plete resolution of kyphotic gibbus

Wang et al. also reported nine patients with tubercu-
lous kyphosis kyphotic angle of greater than 90° treated by
eggshell osteotomy combined with VCR through posterior
approach with correction from a mean of 100° down to 16°.
All patients achieved fusion at 12 months with no major
complications reported [36, 37].

Rajasekaran et al. reported their results in correction of
17 patients with post-TB kyphosis using a closing—open-
ing wedge VCR osteotomy with an anterior cage. Average
age was 18.3+10.6 years (range 4-40 years), pre-operative
kyphosis was 69.2 +25.1° (range 42—-104°), post-operative
kyphosis was 32.4 +19.5° range 8—62°) yielding a correction
56.8 +14.6% (range 32-83%). There were two superficial
infections, one hardware failure requiring revision and one
neurological deterioration from Frankel C to A post-op [38].

Srivastava et al. reported a similar technique combined
with anterior distraction on 21 patients, age (21.90 +7.85)
with post-TB kyphosis with 68.42° +13.23° pre-operative
corrected to 8.71° +4.58° with a mean correction of 87.10%
and with no neurological deficits reported. [39].

Rathod and Shah treated 16 patients (mean age
19.4 years) with post-TB rigid kyphosis using PVCR and
anterior mesh cage. Mean pre-op kyphosis was 90.08° and
corrected 38.06° (57.59%), two patients had neurological
complications and one patient had wound complication. [40]
In all the above studies, the use of traction before definitive
procedure was seldomly mentioned.

In our present study, we performed an analysis on 57
patients with severe post-TB kyphosis. We further divided
them into two subgroups depending on the utilization of
HGT pre-operatively. The HGT group had a higher baseline
regional kyphosis (125.1° +20.9°) compared to the non-
HGT treatment group with a lower magnitude (64.6°+31.8°,
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p <0.001). Patients with regional kyphosis that did not cor-
rect below 100° on traction X-rays were assigned to pre-op
HGT. In addition, patients with very low body mass index
(BMI) were put in HGT until BMI was optimized through a
nutritional program. Given the setup at the under-resourced
site, HGT subgroup was under continued observation by the
medical team and received daily physical therapy sessions.

Pre-operative HGT has been proven effective in reducing
both coronal and sagittal curves [40, 41]. In addition, it can
improve the pulmonary function which is usually severely
compromised in patients with post-TB kyphosis [41-43]. In
the present study, we report partial correction of about 24°
(19.2%) in the baseline regional kyphosis after HGT. The
partial deformity correction was a little lower in this cohort
than what has been previously reported in other studies on
HGT correction [43-44]. We attribute this to the very rigid
nature of post-TB kyphosis as compared to other etiologies
such as idiopathic or neuromuscular scoliosis which can
yield more correction with HGT (>30%) [43-44].

The prevalence of IOM signal changes was ~40% which
is expected in such complicated deformities, particularly
given the dural scarring and compromised blood supply to
the cord in many cases following TB. This makes the cord
very sensitive to any manipulation or drop in blood pressure.
Moreover, IOM signal changes are usually expected during
surgery in such complex deformity involving the use of VCR
[45]. This is mostly attributable to stretching of neural ele-
ments during curve correction maneuvers. The IOM signal
changes could also happen due to drop in blood pressure,
under-resuscitation or prolonged traction. Experienced anes-
thesia team and neuromonitoring personnel are able to warn
surgeons about any signal changes as soon as it is detected
so as to reverse causative factors to avoid post-operative
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neurological complications. As an intervention, the mean
arterial pressure (MAP) is often raised after IOM signal
changes and traction, if present, is removed. Surgeons also
usually prompt the IOM technicians to perform diagnostic
test after major corrective maneuvers. The coordination of
activities and timely responses by the surgeons, anesthetist
and IOM technicians could possibly explain the low risk of
new neurologic deficits among our series.

Nevertheless, one patient (1.7%) developed post-opera-
tive neurologic complications but regained bowel and blad-
der control at discharge despite chronic neurologic deficits at
3-year follow-up. This was an 18-year-old male with a base-
line sagittal deformity of 110°. He was treated without pre-
op HGT. The first stage was PSF T7-S1, VCR T11-L1 and
bone grafting (autologous local and ribs). The there was no
IOM signal change at this stage. Surgical time was 240 min,
blood loss was 1500 ml and was transfused 450 ml of whole
blood and 340-ml cell-salvaged blood. Patient was planned
for anterior augmentation due to significant defect anteriorly.
The second stage was done on the 8th day post-index and
consisted of ASF T10-L2, Harms Cage T10-L2, Auto Ribs,
Allograft. This was done without spinal cord monitoring. A
left-sided T11 retroperitoneal, retro pleural approach was
performed to expose the spine at T10-L2 level. Significant
amount of scar tissue was present and this required extensive
dissection. There was a significant 3-level anterior defect.
We decorticated the endplates and a titanium mesh cage was
wedged in place. X-rays obtained showed appropriate posi-
tion of the cage. Post-extubation neurological assessment
showed patient had no motors in the lower extremity, and
therefore, this necessitated re-exploration and revision on the
same day. This involved the removal of the periapical screw
at T12, anterior revision instrumentation and cage reposi-
tioning. Paraplegia was persistent at this stage with absent
motor-evoked potentials (MEPs) signals in the bilateral
lower extremities. Patient also developed left pneumotho-
rax requiring chest tube insertion at post-op day 1 after ASF
(i.e., post-op day 9 post-index). Post-op magnetic resonance
imaging (MRI) showed malpositioned anterior thoracic cage
requiring another revision on the 14th day post-second stage.
Patient remained paraplegic despite extended physiotherapy
for 5 months. Patient remained paraplegic at 3-year follow-
up. In retrospect, the second-stage anterior procedure should
have been performed under IOM guidance for early detec-
tion of neuro-status and early intervention intraoperatively
since this was likely a malpositioned cage causing neural
element impingement.

We also report baseline neurologic deficits in three
patients which we believe reflects the natural course of
untreated severe post-TB deformities. The first was a
13-year-old male who was ASIA A and had lost the ability
to walk 2 years prior to presentation with bowel and blad-
der deficits. He remained paraplegic after undergoing HGT

for > 3-month duration and surgical intervention involving
posterior VCR. He had not made any neurologic improve-
ment at 2-year follow-up. The second was a 22 female who
was spastic, wheel chair bound and had ASIA D at baseline
with inability to walk 18 months prior to presentation. She
underwent staged anterior fusion with apical resection and a
PSF. This patient could mobilize with a walker after surgery
but was still spastic not regained full neurologic function
after 3-month physiotherapy. She was spastic at 9 months
post-op and was subsequently lost to follow-up. The third
was an 18-year-old male who was severely myelopathy and
spastic at presentation. Baseline ASTA was C. He under-
went PSF with Instrumentation C7-T11, VCR T5-T7 and
bone grafting with local bones and autogenous rips. He
regained bladder and bowel function at 12 and 15 days
post-op, respectively. The patient was discharged to rehab
and improved with physiotherapy. At 9-month follow-up,
he was spastic on examination and mobilizing with bilat-
eral leg braces with trunk support in Jewett brace. His
lower extremity ASIA had not changed from baseline. He
was subsequently lost to follow-up. All other patients had
normal baseline neurologic status. One important lesson is
that patients who have baseline paralysis should be given
realistic expectation about surgery. This is because surgical
intervention may not lead to neurologic recovery as seen in
this study. Communication with paralytic patients and fam-
ily should discuss the reason for surgery which is mainly
for debridement, decompression and posterior stabilization
rather than reversal of the neurologic deficits.

Other post-operative complications included four (7.0%)
infections, three (5.3%) implant-related requiring revi-
sions, two (3.5%) radiographic (one PJK and one DJK, both
required revision), one (1.7%) wound problem (dehiscence),
and two (3.5%) sacral ulcers which were all treated (one
sacral ulcer occurred after 6 months post-op in the patient
with baseline paralysis). The four patients who developed
wound infection required incision and drainage and anti-
biotics treatment for 6 weeks (one of them also required
removal of instrumentation at affected unilateral side only
while another required complete explanation, HGT, and
reimplantation after 6 weeks of antibiotic treatment).

For the severe thoracic hyperkyphotic deformities in this
study, PVCR was deemed necessary for the majority of
patients. Posterior column osteotomy (PCO) was performed
at the apical segments to obtain a more balanced correction.
For some of the lumbar-apex deformities, PSO along with
adjacent levels PCOs were found to be sufficient to achieve
a balanced correction of deformity. Pedicle subtraction oste-
otomy (PSO) was not done in the thoracic spine due to the
limited correction and higher risks in thoracic spine but was
utilized in lumbar cases with moderate deformity.

The majority of patients were neglected post-TB deform-
ity patients from very rural areas and nearby countries who
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either received no treatment at all or only medications.
Most had the deformity progressing over a period of years.
Patients who had no history of taking anti-TB medication
were placed on medication for 6 weeks prior to surgery per
our institutional policy. Those who had no history of medical
management were treated as new cases for 8 months in total.

Special considerations in this part of the world include
but not limited to lack of financial resources dedicated to the
high expenses for treating complex spine cases, difficulty
obtaining surgical tools, implants and equipment necessary
to operate on complex deformity safely. Moreover, there is
shortage of intensive care beds, and advanced investigation
centers [MRI, computed tomography (CT) scans, and Pul-
monary Function Test (PFT)], as well as difficulty in creat-
ing a dedicated team of anesthesiologists, nursing, operating
room personnel and physiotherapist comfortable in manag-
ing such complex cases.

As a private orthopedic facility in West Africa treating
TB kyphosis patients from different countries in Africa,
follow-up visit often becomes a constraint for some foreign
patients due to financial difficulties. It has been our practice
to organize bi-annual trips to Sierra Leone and Ethiopia to
follow-up on patients. These notwithstanding, optimal fol-
low-up visit is challenging in our context as some patients
are unable to show up at designated facilities during foreign
trips. This explains why only 63.2% of patients had attained
2-year follow-up. Nevertheless, we believe this study pro-
vides an important insight into the clinical and radiographic
outcomes in a consecutive patient series from different Afri-
can nationalities who were surgically treated at a single site
in an underserved community in West Africa following the
diagnosis of severe post-TB kyphosis. The complication rate
in this study, particularly neurologic complications are com-
parable to other studies on the same pathology. Severe post-
TB kyphosis is perhaps one of the most challenging deformi-
ties to safely correct. However, we believe that meticulous
surgical technique and thorough neural decompression by
experienced surgical team working with IOM guidance are
crucial to achieve optimal outcomes with acceptable com-
plications in this patient population.

Conclusion

Although the management of severe post-TB kyphosis a
very challenging problem in Africa, we demonstrated in
this study that the PVCR technique with or without HGT
can be safely performed for patients with severe post-TB
kyphosis at a well-equipped facility in West Africa with
optimal clinical and radiographic outcomes. The availability
of skilled surgeons and a multidisciplinary team is extremely
important to achieve favorable outcomes. We hope that more

@ Springer

resources will be available in the upcoming years to meet the
increased patient volume in the underserved regions.
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