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INTRODUCTION
Drug-resistant strains of tuberculosis are emerging as a serious 
health problem in both developed and developing countries. 
Spinal TB is a paucibacillary infection that is deep-seated, and the 
demonstration of Acid-fast Bacilli (AFB) with Ziehl-Neelsen (ZN) 
staining is possible in only 10-30 percent of cases [1]. Drug resistance 
is suspected in cases showing no clinicoradiological improvement 
or the appearance of new osteoarticular lesions of TB despite being 
on Antitubercular Treatment (ATT) for a minimum of five months [1]. 
The prevalence of drug resistance in spinal tuberculosis patients is 
reported to be 28.6%, out of which 4.6% were MDR TB, 6% were 
pre-extensively Drug-resistant TB (XDR-TB), and 2.7% were XDR-
TB; the rest (15.3%) exhibited monodrug resistance [2].

Drug resistance can manifest in various types. Resistance to any of 
the single first-line anti-TB drugs is known as monodrug resistance, 
while resistance to more than one first-line anti-TB drug, other 
than Isoniazid (INH) and Rifampicin (RIF), is known as polydrug 
resistance. Rifampicin Resistance (RR) is resistance to RIF detected 
using phenotypic or genotypic methods, with or without resistance 
to other anti-TB drugs. Multidrug Resistance (MDR) is resistance to 
both INH and RIF. XDR is considered when resistance is present to 
both INH and RIF with resistance to atleast 1 of the 3 second-line 
injectable drugs (capreomycin, kanamycin, and amikacin) and any 
Fluoroquinolone (FQ). Recently, a newer term has been introduced 
as pre-XDR, which is resistance to both INH and RIF with resistance 
to FQ or 1 of the 3 second-line injectable drugs [2].

There is inadequate data in the literature regarding the treatment 
of XDR-TB spine; therefore, the efficacy of shorter regimens with 
novel drugs such as Bedaquiline and Delamanid in drug-resistant 
TB of the spine needs to be analysed [3]. The aim of the present 
study was to assess the outcome of a newer Bedaquiline-based 
antitubercular regimen in cases of postoperative drug-resistant TB 

of the spine and to evaluate the effectiveness of this regimen, the 
improvement of neurological function postsurgery with Bedaquiline, 
and radiological improvement postsurgery with this regimen using 
serial radiographs.

CASE SERIES

Case 1
A 54-year-old female patient presented at the orthopaedic 
Outpatient Department (OPD) with complaints of upper back pain 
and weakness in both lower limbs over the past two weeks. The 
pain had an insidious onset and gradually progressed. She also 
experienced paraesthesia, difficulty in passing urine, and recent 
weight loss. The patient had a history of pulmonary tuberculosis six 
years prior, which was successfully treated with a six-month regimen 
of antitubercular drugs, leading to a cure. She did not report any 
history of fever or other medical illnesses.

Upon examination, the patient exhibited 2/5 power in bilateral hip 
and knee, and 1/5 power in bilateral ankle and toes. There was an 
80% loss of sensation below the level of the xiphisternum. Deep 
tendon reflexes in the bilateral lower limbs were exaggerated, with 
well-sustained ankle clonus. Spasticity was observed in both lower 
limbs, and the plantar response showed an extensor reflex. An 
X-ray revealed the collapse of the D4 vertebra. Magnetic Resonance 
Imaging (MRI) indicated D4-D5 Koch’s spine with the collapse of 
the D4 vertebra and an abscess compressing the cord.

Based on these findings, urgent decompression and instrumentation 
with interbody fusion were performed, and an intraoperative sample 
was sent for bacterial, fungal, AFB culture and sensitivity, Mycobacteria 
Growth Indicator Tube (MGIT), GeneXpert TB, and histopathological 
examination. The patient was started on a four-drug antitubercular 
regimen based on the clinical and radiological findings mentioned 
above. The AFB smear report was negative, the MGIT report was 
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ABSTRACT
The incidence of drug-resistant strains of Tuberculosis (TB) is rising at an alarming rate. With the emergence of newer drug-resistant 
strains, managing the disease with existing antitubercular agents is becoming increasingly difficult. Few studies exist regarding 
the treatment of drug-resistant TB of the spine using a Bedaquiline-based regimen. Therefore, the efficacy of shorter regimens 
with novel drugs such as Bedaquiline and Delamanid in drug-resistant TB of the spine must be analysed. The present case series 
highlights the outcomes of a newer Bedaquiline-based antitubercular regimen in postoperative cases of drug-resistant TB of the 
spine. All three cases discussed in this study-54-year-old female, 12-year-old female, and 19-year-old female patients-had a clinical 
and radiological diagnosis of TB of the spine with significant neurodeficits. They underwent decompression and instrumentation 
surgery. Postoperatively, all three were diagnosed with drug-resistant TB and were started on a Bedaquiline-based antitubercular 
regimen. Subsequently, all the patients showed significant improvement in neurodeficits with no radiological evidence of recurrence. 
Therefore, Bedaquiline might play an important role in the future management of drug-resistant spinal TB.
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She underwent decompression and instrumentation with interbody 
fusion [Table/Fig-2a,b], and intraoperative specimens were sent for 
bacterial, fungal, AFB culture and sensitivity, GeneXpert TB, MGIT, 
and histopathological examination. The AFB smear was negative. The 
histopathological report suggested chronic inflammatory pathology, 
possibly TB. On GeneXpert, RIF resistance was detected. Therefore, 
a Bedaquiline-based regimen was started for six months. Later, LPA 
suggested resistance to all first and second-line antitubercular agents, 
and thus XDR-TB was diagnosed. Therefore, Para aminosalicylic Acid 
(PAS) was added to the previous regimen, replacing levofloxacin. 
Finally, the DST report showed resistance against all antitubercular 
agents except Clofazimine and PAS. She had taken Bedaquiline for 
6 months, and Clofazimine, Cycloserine, Linezolid, and PAS were 
given for 12 months. She is currently continuing the above regimen. 
She was routinely followed-up on a monthly basis for the assessment 
of neurological recovery and monitoring of blood parameters.

positive for Mycobacterium tuberculosis complex, and GeneXpert 
showed RIF resistance. Subsequent Line Probe Assay (LPA) showed 
resistance against both RIF and INH. Full Drug Sensitivity Testing (DST) 
confirmed resistance to both RIF and INH. Therefore, a Bedaquiline-
based regimen was initiated, including Bedaquiline, Levofloxacin, 
Clofazimine, Pyrazinamide, Ethambutol, and a high dose of INH. 
Bedaquiline was administered for six months, while Levofloxacin, 
Clofazimine, Pyrazinamide, Ethambutol, and the high dose of INH were 
continued for 18 months. The patient is currently under treatment.

Monthly follow-up and routine examinations, including radiographs, 
Electrocardiography (ECG), and blood parameters, were done. 
Eight months following the surgery, the patient reported no pain, 
and X-rays did not show any recurrence of the lesion or abscess. 
Additionally, weight gain and appetite were restored. The patient 
exhibited full power (5/5) in bilateral hip and knee, but bilateral 
ankle, Extensor Hallucis Longus (EHL), and Flexor Hallucis Longus 
(FHL) had a power of 4/5. Sensation was restored in the bilateral 
lower limbs, and while deep tendon reflexes were exaggerated, 
clonus and spasticity were absent. The plantar response was not 
observed, and bowel and bladder habits remained unaltered. The 
C-reactive Protein (CRP) and Erythrocyte Sedimentation Rate (ESR) 
were recorded at 1.2 and 8, respectively.

Case 2
A 12-year-old female patient presented with complaints of back pain 
and difficulty walking for the past three months. She had a known 
case of TB spine and had been under a standard antitubercular 
regimen for the last six months. However, her condition deteriorated, 
and she became bedridden due to worsened back pain over the 
last three months.

On examination, she had a power of 3/5 in all muscles of the bilateral 
lower limb, except the right Extensor Hallucis Longus (EHL), which 
had a power of 4/5. Bilateral deep tendon reflexes were absent, and 
plantar reflexes were mute. Sensations in the bilateral lower limbs 
were intact. Tone and nutrition were normal. There was no bladder or 
bowel involvement. The X-ray and MRI suggested complete collapse 
of the D6 vertebral body with marrow oedema at D5 and D7 levels. 
Abnormal prevertebral and paravertebral collections were seen 
at D5-7 levels, with a maximum thickness of 1.5 mm. An anterior 
epidural collection was also noted at this level [Table/Fig-1a-e].

[Table/Fig-1]: (a) Preoperative antero-posterior; and (b) Lateral view X-ray radiograph 
showing collapse of D6 vertebra; (c) Sagittal Magnetic Resonance  Imaging (MRI) 
Radiograph showing collapse of D6 vertebral body and prevertebral collection at D6 
level; (d) Axial MRI radiograph showing collapse of D6 vertebral body; (e) Prevertebral 
and paravertebral collection at D6 level.

[Table/Fig-2]: Immediate postoperative: (a) Anteroposterior; and (b) Lateral x-ray 
radiograph showing instrumentation done at D4-8 levels.

After seven months of surgery, the patient had full neurological 
recovery. Power in the bilateral lower limb was found to be normal, 
i.e., 5/5 in the bilateral hip, knee, ankle, and toes. Deep tendon 
reflexes were found to be normal. Bilateral plantar reflexes showed 
a flexor response bilaterally. Sensation and tone were also normal 
bilaterally. The Erythrocyte Sedimentation Rate (ESR) and C-Reactive 
Protein (CRP) values at the end of five months were 11 and 3.46, 
respectively, and the patient had gained a significant amount of 
weight (12 kg).

Case 3
A 19-year-old female patient presented at the orthopaedic OPD 
with a complaint of low back pain and weakness in both lower 
limbs for the last 1.5 months. The pain had an insidious onset and 
was gradually progressive in nature. She had no history of any 
blunt trauma, falls, or lifting heavy weights. There was no history of 
tingling, numbness, paraesthesia, or any other joint pain, nor any 
history of Kochs’ or Koch’s contact, fever, or weight loss.

On examination, power in bilateral hips and knees was 3/5, the 
right ankle and toes were 2/5, and the left ankle and toes were 
0/5. Deep tendon reflexes and the plantar reflex were absent in the 
bilateral lower limbs. Clonus was absent in both lower limbs. Both 
lower limbs were flaccid, and there was 20% sensory loss below L2 
bilaterally. MRI suggested discitis at the L4-L5 level with destruction 
of the L4 vertebra and a prevertebral collection [Table/Fig-3a,b].
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She underwent decompression and instrumentation with interbody 
fusion, and intraoperative specimens [Table/Fig-4a,b] were sent for 
bacterial, AFB, and fungal culture and sensitivity, GeneXpert TB, 
MGIT, and histopathological examination. The AFB smear report 
was negative. The histopathological report suggested chronic 
inflammatory pathology, possibly Tuberculosis. On GeneXpert, RIF 
resistance was detected, and she was put on the Bedaquiline-based 
regimen, which contained Bedaquiline, Levofloxacin, Clofazimine, 
Pyrazinamide, Ethambutol, and a high dose of INH. Following 
positivity in MGIT, LPA was done, which showed resistance against 
both RIF and INH. She continued with the above regimen. Full DST 
confirmed resistance to both RIF and INH, diagnosing it as MDR TB 
of the spine. Therefore, she continued with the regimen containing 
Bedaquiline (for six months) and Levofloxacin, Linezolid, Clofazimine, 
and Cycloserine for eight months. She is currently continuing this 
regimen. She was routinely monitored using radiographs, ECG, and 
blood parameters on monthly follow-up.

has potentially life-threatening side-effects, including depression 
or psychosis, hearing loss, hepatitis, and kidney impairment [10]. 
Hence, proper diagnosis and timely management are crucial. Current 
GeneXpert and LPA techniques provide a quick diagnosis of drug 
resistance in Tuberculosis. Culture remains the gold standard in the 
diagnosis and drug susceptibility testing of tuberculosis [11].

In the context of drug-resistant TB, a bedaquiline-based regimen 
should include bedaquiline and atleast four effective second-line 
drugs. The choice of drugs should be based on the DST pattern 
in descending order and should form the Other Background 
Regimen (OBR), including a Second Line Injectable (Kanamycin/
Capreomycin), a fluoroquinolone (Levofloxacin/Moxifloxacin), two 
bacteriostatic drugs (Ethionamide, Cycloserine, Para aminosalicylic 
Acid), and other medications such as Linezolid, Clofazimine, high-
dose INH, and Pyrazinamide, if sensitive.

The dosages are as follows:

(i) Weeks 0-2: Bedaquiline 400 mg daily + OBR;

(ii) Weeks 3-24: Bedaquiline 200 mg thrice a week (with atleast 
48 hours gap between doses) + OBR;

(iii) Week 25 (start of the seventh month) until the end of the 
treatment: Continue with other second-line anti-TB drugs 
as per the sensitivity pattern and the National Tuberculosis 
Education Program (NTEP) recommendations, which were 
recently updated in June 2023 [12].

Similar treatment regimens were planned for all cases in the present 
case series after proper testing by LPA and DST patterns for the 
best outcomes, and all three cases responded well.

Delamanid and Bedaquiline are associated with cardiac side-
effects like QT prolongation and hence need to be monitored using 
Echocardiography (ECG) [13]. In the present case series, all three 
cases were followed-up for varying periods of 5 to 8 months after 
treatment with proper follow-up reports to check for outcomes 
and prevent any late side-effects. Although a past study has also 
suggested the effectiveness of a Bedaquiline-based regimen 
in treating MDR-TB spinal infection without any severe adverse 
effects [14].

Very few studies are available worldwide regarding the effectiveness 
of a Bedaquiline-based regimen in the treatment of drug-resistant 
tuberculosis. According to a case reported very recently in 2022 by 
De Vito A et al., a similar outcome was observed in a 21-year-old 
male patient with MDR TB spine managed with a Bedaquiline-based 
regimen. A Computed Tomography (CT) scan done 1.5 years after 
starting therapy confirmed the cure [14]. Follow-up radiographs in 
the present case series for all three cases also showed signs of 
neurological recovery, with no new lesions or abscesses seen.

CONCLUSION(S)
The newer Bedaquiline-based regimen is effective in treating drug-
resistant tuberculosis of the spine and warrants further study 
to objectively determine the efficacy of this regimen. With the 
emergence of newer strains with drug resistance, management with 
the existing antitubercular agents is becoming difficult. Newer drugs 
need to be added to the existing armamentarium. Bedaquiline 
and Delamanid are definitely going to play an important role in the 
management of drug-resistant spine tuberculosis in the future.

REFERENCES
 Jain AK, Jaggi KR, Bhayana H, Saha R. Drug-resistant spinal tuberculosis. Indian [1]

J Orthop. 2018;52(2):100-07. https://doi.org/10.4103/ortho.IJOrtho_306_17.
 Bhosale S, Prabhakar A, Srivastava S, Raj A, Purohit S, Marathe N. Pattern of drug [2]

resistance in primary spinal tuberculosis: A single-center study from India. Glob 
Spine J. 2021;11(7):1070-75. https://doi.org/10.1177/2192568220941445.

 Soundararajan DCR, Rajasekaran RB, Rajasekaran S, Shetty AP, Kanna RM. Drug-[3]
resistant spinal tuberculosis - Current concepts, challenges, and controversies. J Clin 
Orthop Trauma. 2020;11(5):863-70. https://doi.org/10.1016/j.jcot.2020.07.028.

 World Health Organization. Companion handbook to the WHO Guidelines for [4]
the Programmatic Management of Drug-Resistant Tuberculosis; 2014; ISBN-13: 
978-92-4-154880-9; https://www.ncbi.nlm.nih.gov/books/NBK247420/.

[Table/Fig-3]: (a) Sagittal MRI; and (b) Axial MRI radiograph suggestive of discitis 
at L4-L5 level with destruction of L4 vertebra; and (c) prevertebral collection.

[Table/Fig-4]: Immediate postoperative: (a) anteroposterior; and (b) lateral X-ray 
radiograph showing instrumentation done at L2-S1 levels.

She was regularly followed-up, and three months following surgery, 
she had power in bilateral hips and knees at 5/5 and bilateral ankles 
and toes at 4/5. Deep tendon reflexes were absent, and plantar 
reflexes showed a flexor response. Sensation, tone, and nutrition 
were normal in bilateral lower limbs. X-rays didn’t show any recurrence 
of the lesion. ESR and CRP were 9 and 4.2, respectively.

DISCUSSION
Among the three cases discussed above, two of them had MDR-
TB, and one had XDR-TB. All three of them showed significant 
neurological recovery several months after surgery with this new 
Bedaquiline-containing regimen. According to previous literature, 
the four main causes of drug resistance [1,3] are incomplete 
or inadequate treatment [4], non adherence to ATT [5], genetic 
predisposition to develop drug resistance [6,7], and Human 
Immunodeficiency Virus (HIV) co-infection [8,9]. In the present case 
series as well, Case-1 and Case-2 were known cases of pulmonary 
TB and spine TB, respectively, and showed failure of treatment with 
the traditional ATT regimen.

The treatment of drug-resistant tuberculosis comes at a terrible 
price. It is expensive, takes a longer time to treat, disrupts lives, and 



Soutrik Kundu and Sarvan Singh, Improved Outcome in DR-TB Spine with Bedaquiline-based Regimen www.jcdr.net

Journal of Clinical and Diagnostic Research. 2024 Jan, Vol-18(1): RR01-RR0444

 Sharma SK, Mohan A. Multidrug-resistant tuberculosis: A menace that threatens [5]
to destabilize tuberculosis control. Chest. 2006;130(1):261-72. https://doi.
org/10.1378/chest.130.1.261.

 Park MH, Song EY, Kwon SY, Park H, Han SK, Shim YS. Polymorphisms of HLA-[6]
DRB1 and -DQB1 genes in Korean patients with pulmonary tuberculosis. Tuberc 
Respir Dis (Seoul) 2003;54(4):367-77. https://doi.org/10.4046/trd.2003.54.4.367.

 Sharma SK, Turaga KK, Balamurugan A, Saha PK, Pandey RM, Jain NK, et [7]
al. Clinical and genetic risk factors for the development of multi-drug resistant 
tuberculosis in non-HIV infected patients at a tertiary care center in India: A case-
control study. Infect Genet Evol. 2003;3(3):183-88. https://doi.org/10.1016/
S1567-1348(03)00086-8.

 Maurya AK, Kant S, Kushwaha RAS, Dhole T, Nag VL. Trends of anti-[8]
tuberculosis drug resistance pattern in new cases and previously treated cases 
of extrapulmonary tuberculosis cases in referral hospitals in northern India. J 
Postgrad Med. 2012;58(3):185-89. https://doi.org/10.4103/0022-3859.101379.

 Gandhi NR, Moll A, Sturm AW, Pawinski R, Govender T, Lalloo U, et al. Extensively [9]
drug-resistant tuberculosis as a cause of death in patients co-infected with 
tuberculosis and HIV in a rural area of South Africa. Lancet. 2006;368 (9547):1575-
80. https://doi.org/10.1016/S0140-6736(06)69573-1.

 Division of Tuberculosis Elimination; National Center for HIV, Viral Hepatitis, [10]
STD and TB Prevention. Centers Dis Control Pr. 2017:1; https://www.cdc.gov/
nchhstp/eis/DTBE.html.

 Kumar V, Jorwal P, Soneja M, Sinha S, Nischal N, Sethi P, et al. Evaluation of [11]
rapid diagnostic tests and assessment of risk factors in drug-resistant pulmonary 
tuberculosis. J Fam Med Prim Care. 2020;9(2):1028. https://doi.org/10.4103/
JFMPC.JFMPC_883_19.

 RNTCP Central TB division, DGHS, MoHFW, New Delhi W-I. Gudelines for use of [12]
BDQ in RNTCP through Conditional Access under Programmatic management 
of Drug Resistant Tuberculosis in India.pdf n.d.:11. https://tbcindia.gov.in/
showfile.php?lid=3246.

 Abdel-Aleem H, Bero LA, Cheraghali AM, Cranswick N, Fernandopulle R, Gray [13]
A, et al. The selection and use of essential medicines. World Heal Organ - Tech 
Rep Ser. 2012, pp. 1-268.

 De Vito A, Fiore V, Urru V, Bozzi E, Geremia N, Princic E, et al. Use of [14]
bedaquiline in spinal osteomyelitis and soft tissue abscess caused by multidrug-
resistant Mycobacterium tuberculosis: A case report. Brazilian J Infect Dis. 
2022;26(5):102701. https://doi.org/10.1016/j.bjid.2022.102701.

PartiCuLarS OF COntriButOrS:
1. Junior Resident, Department of Orthopaedics, TNMC and BYL Nair Charitable Hospital, Mumbai, Maharashtra, India.
2. Assistant Professor, Department of Orthopaedics, TNMC and BYL Nair Charitable Hospital, Mumbai, Maharashtra, India.

PLagiariSM ChECking MEthOdS: [Jain H et al.]

•  Plagiarism X-checker: Apr 22, 2023
•  Manual Googling: Aug 12, 2023
•  iThenticate Software: Oct 25, 2023 (7%)

EtyMOLOgy: Author OriginnaME, addrESS, E-MaiL id OF thE COrrESPOnding authOr:
Dr. Soutrik Kundu,
Junior Resident, Department of Orthopaedics, TNMC and BYL Nair Charitable Hospital, 
Mumbai-400008, Maharashtra, India.
E-mail: dr.soutrikkundu@gmail.com

Date of Submission: apr 17, 2023
Date of Peer Review: Jul 25, 2023
Date of Acceptance: Oct 30, 2023

Date of Publishing: Jan 01, 2024

authOr dECLaratiOn:
•  Financial or Other Competing Interests:  None
•  Was informed consent obtained from the subjects involved in the study?  Yes
•  For any images presented appropriate consent has been obtained from the subjects.  Yes

EMEndatiOnS: 6

http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

