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v

Tuberculosis is still a major public health challenge for most of the devel-
oping world and is increasingly recognized in developed countries due to 
mass immigration, refugee movements, international traveling, and immu-
nocompromised patients. Known since ancient civilizations, it has received 
a great deal of attention among the various scientific communities. However, 
tuberculosis of the central nervous system and its covering did not receive a 
comparable large interest in the medical literature. In spite of all the advances 
in biological/infectious investigations, imaging techniques, and therapeutic 
methods, optimal management of neurotuberculosis is still controversial 
owing to the limited individual experience and the variable clinical course 
of the condition.

With the introduction of multidisciplinary team approach, a need has 
become evident for a timely and concise book that provides a comprehensive 
and updated review of basic, clinical, and therapeutic aspects of central ner-
vous system tuberculosis that will be of value to the medical community and 
researchers involved in the care of patients affected by this old disease.

The format of the material presented is categorized into eight sections that 
include general considerations, tuberculosis of the brain and its coverings, 
tuberculosis of the spine and its coverings, tuberculosis of the cranial and 
peripheral nerves, laboratory studies in neurotuberculosis, therapy of tuber-
culosis of the nervous system and its coverings, an overview of tuberculosis 
disease, and further insights into tuberculosis.

This book of 39 chapters is written by more than 100 authors who are 
world-renowned specialists in their respective fields of interests. Tuberculosis 
of the Central Nervous System: Pathogenesis, Imaging, and Management 
would not have been possible without the enthusiastic response from these 
contributors who shared their expertise in this richly illustrated book. The 
editors sincerely thank all of them.

Our particular thanks go also to the Springer personnel for their patience 
and experienced advice in the production of this work. We also like to thank 
our families for their support and devotion. Finally, our gratitude goes to our 
patients for having given us the opportunity to be a part of their lives.

Aydın, Turkey� Mehmet Turgut, MD, PhD
Marrakech, Morocco� Ali Akhaddar, MD, IFAANS
Ankara, Turkey� Ahmet T. Turgut, MD
Lucknow, India� Ravindra K. Garg, MD, DM
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Abbreviations

AIDS	 Acquired immunodeficiency syndrome
BCG	 Bacillus Calmette-Guérin
CNS	 Central nervous system
HIV	 Human immunodeficiency virus
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RIF	 Rifampicin
STR	 Streptomycin
TB	 Tuberculosis
TBM	 Tuberculous meningitis
USPHS	 US Public Health Service

1.1	 �Introduction

Mycobacterium tuberculosis is a leading cause 
of morbidity and mortality around the globe. 
Tuberculosis (TB) was known to humans since early 
ages. It was stated that the genus Mycobacterium 
existed for >150 million years ago [1]. However, 
the specific time of M. tuberculosis to initialy cause 
infection in humans was about three million years 
ago and occurred in East Africa [2]. The signifi-
cance of the disease is exemplified by the different 
names it had through history from consumption to 
phthisis pulmonalis and the white plague [3, 4]. 
The word consumptions refers to the significant 
weight loss that TB inflects on its victims and 
the development of extreme anemia resulting in  
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pallor (hence the white plague). TB was also called 
“the captain of all men of death” [3], and the emer-
gence of human immunodeficiency virus (HIV) 
infection in the early 1980s gave the chance to TB 
to increase significantly in many areas around the 
globe. In this chapter, we review historical aspects 
of TB and epidemiology of the disease.

1.2	 �History

Using PCR techniques, M. tuberculosis com-
plex was detected in the skeletal specimen in a 
fossil of a wiped-out long-horned bison dated 
back 17870 years ago[4]. In addition, TB was 
also detected in a human remain which is 9000 
years old [5]. There was a clear similarity of the 
genetic signature between these and the current 
TB organism suggesting a long-term existence 
of TB and the human population [5]. This is fur-
ther substantiated by the fact that only 10% of 
infected human population develop active infec-
tion [6]. The presence of vertebral TB infection 
(Pott’s disease) (Fig. 1.1) was described in pre-

dynastic (3500–2650 BC) Egypt, and Neolithic 
(3200–2300 BC) Sweden racially linked to the 
first cattle breeders [7].

1.3	 �Epidemiology

It goes without saying that the global burden of 
TB is enormous. It is estimated that two billion 
people (33% of the world population) are infected 
with TB [8, 9]. Although certain countries harbor 
larger number of cases than other countries, these 
represent the high burden of TB countries. The 
appearance of HIV/acquired immunodeficiency 
syndrome (AIDS) resulted in an increase in the 
global burden of TB with a peak in the early 
2000s and subsequent decrease over the last two 
decades [10]. These two diseases, TB and HIV 
infections, are the leading infectious disease 
agents to cause death worldwide (World Health 
Organization) [10]. It is estimated that the annual 
decline in the rate of TB worldwide is only 1·5% 
per year [10]. Of all the TB cases, 20% of cases 
are associated with HIV infection mainly in the 
sub-Saharan Africa [11]. Talking specifically 
about TB of the central nervous system (CNS), 
TB meningitis is considered to be rare constitut-
ing 1% of all cases of TB and 5% of extrapulmo-
nary disease in patients with normal immunity 
[12, 13]. The main risk factors for the develop-
ment of CNS TB include children and HIV infec-
tion [14–16], in addition to malnutrition, the use 
of immunosuppressive agents, and foreign-born 
individuals [17–19].

1.4	 �TB Vaccine

The widely used TB vaccine, the BCG, was ini-
tially started in 1908 by two French scientists 
Albert Calmette and Camille Guérin [20] (Fig. 
1.2). They serially grew the “Koch’s bacillus” 
(Fig. 1.3) to decrease the organism’s virulence. 
The vaccine was later introduced in 1921 [20] 
after 230 culture times. Of particular importance 
is that the BCG was initially given orally to a 
child in Paris who was born to a mother with TB 
[20]. After that, BCG vaccine became the most 

Fig. 1.1  A portrait of Percivall Pott (6 January 1714–22 
December 1788), an English surgeon who was the first to 
describe tuberculosis (TB) of the spine (Pott’s disease)

J.A. Al-Tawfiq and Z.A. Memish
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frequently used vaccine worldwide. The 
effectiveness of the vaccine was variable from the 
1920s to date, and one of the reasons for the 
observed variability is the use of different strains 
by different laboratories, thus accounting for what 
is known as different BCGs [21, 22]. These differ-
ences were elucidated using genomic comparison 
[21]. It had also been stated that BCG is a cost-
effective intervention against severe pediatric TB 
in high-incidence countries [23]. However, it is 
important to keep in mind the possible dissemina-
tion of BCG vaccine strain in children with HIV 
infection which is estimated to be 992 per 100,000 
children [24].

1.5	 �Surgical Therapy

The use of surgery to treat TB was started in 1821 
by a Scottish physician, Dr. James Carson [25]. The 
surgery consisted of drainage of pleural effusion, 
inducing pneumothorax, or the plombage technique 

Fig. 1.2  Albert Calmette 
and Camille Guérin 
discovered that bovine TB 
bacilli can be used as a 
vaccine. They first used the 
BCG vaccine to vaccinate 
a child who lost his mother 
during delivery

Fig. 1.3  Robert Heinrich Hermann Koch (11 December 
1843–27 May 1910), a German physician who identified 
the specific causative agents of TB

1  Historical Preview and Epidemiology of Tuberculosis
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was used to treat TB [26]. The collapse therapy was 
initiated by the Italian physician Forlanini in 1888 
[26]. In 1939, Hjaltested et al. published his experi-
ence with pneumothorax therapy in 191 TB cases 
[27]. Surgical therapy now is considered as an 
adjunct for treatment of MDR and XDR-TB [28].

1.6	 �Antimicrobial Therapy of TB

The use of anti-mycobacterial agents to treat TB 
was started with the discovery of streptomycin 
(STR) in 1944 [29]. The use of single agent, STR, 
resulted in considerable improvement in 51% com-
pared with 8% in the bed rest group [30] (Fig. 1.4).

Subsequently, the use of a combination of STR 
and para-aminosalicylic acid (PAS) showed simi-
lar results with the reduction of resistance from 
70% in STR compared to 9% in the combination 
therapy [31]. One additional advantage of PAS 
is being an oral medication. Subsequent studies 
utilized isoniazid (INH), STR, and PAS with an 
increase in the cure rate from 70 to 95% when 
the treatment was prolonged for 18–24  months 
[32]. The initial major study of a 6-month regi-
men of rifampicin (RIF) or pyrazinamide (PZA) 
with STR and INH showed better conversion rate 
to culture negative sputum and a reduced relapse 
rate [33–35]. Thus, a combination therapy became 
the standard therapy for the management of TB.

1.7	 �History of Therapy of CNS 
Tuberculosis

TB of the CNS was reported in 5–10% of patients 
with extrapulmonary TB [12] in 1963 to 1986. It 
was estimated that CNS TB developed in 1% of 
82,764 TB cases in a Canadian cohort from 1970 
to 2001 [13]. Tuberculous meningitis (TBM) was 
first described by Robert Whyth in 1768 in chil-
dren [36], and subsequently in 1847, Charles 
Morehead described the autopsy findings in chil-
dren with TBM followed by the description of 
tuberculoma by Ford [37]. The first attempt to 
cure CNS tuberculomas was done by Wernicke 
and Hahn in 1884 [38].

With the advent of modern therapy of TB, 
surgical interventions in patients with CNS 
TB are limited. Indications for neurosurgical 
referral include hydrocephalus, brain abscess, 
and vertebral TB with cord compression [39]. 
Initial surgical therapy was associated with 10% 
operative mortality and 40% mortality second-
ary to postoperative meningitis [40]. Surgical 
resection of intracranial tuberculoma was com-
pared with anti-TB therapy with INH, etham-
butol, and RIF. Anti-TB therapy was associated 
with improvement or a return to baseline activ-
ity [41]. This study was not randomized and 
uncontrolled trial of 20 cases of intracranial 
tuberculoma [41].

DeathImproved
0

10

20

30

40

50

60

P
er

ce
nt

Worse

Streptomycin

Bed rest

Fig. 1.4  Early study of 
streptomycin vs. bed rest 
in the treatment of 
pulmonary TB (Adapted 
from Ref. [30])
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1.8	 �History of TB Preventive 
Therapy

There is a large population of patients with 
latent TB. Thus, the treatment of those patients 
makes an opportunity to reduce the global bur-
den of TB.  An initial study of the use of INH 
was done in children exposed to TB in the 1950s 
[42]. The study by the US Public Health Service 
(USPHS) in 1958 among Alaskan boarding 
school children (5–20 years of age) compared 
the use of 1.25 versus 5 mg/kg INH once a day 
or five times a week for 6  months [43]. The 
rate of active TB was 1.9% (10 of 513) of the 
higher-dose arm and was 5.8% (31/536) of the 
lower-dose arm [43]. Further studies showed that 
a longer duration of 24-month therapy was not 
better than a 6-month therapy [42, 44]. A direct 
comparison of 3-, 6-, and 12-month regimens of 
INH showed a lower rate of active TB among the 
longest duration (Fig. 1.5) [45]. Subsequently, 
RIF-PZA short-course therapy was effective for 
latent TB treatment with the rate of active TB of 
2.4% in the RIF and PZA and 3.3% in the INH 
group corresponding to rates of 0.8 and 1.1 per 
100 person-years, respectively [46]. This combi-
nation later was associated with increased hepa-
totoxicity [47].

�Conclusion

TB is an antique disease and continues to be a 
main public health concern worldwide. The 
disease was described in Egyptian mummies 
and infected humans about three million years 
back. The development of the current thera-
peutic modalities passed through multiple 
stages since the introduction of STR.  The 
introduction of BCG vaccines had initially 
resulted in wide use of this vaccine, and later 
the vaccine showed variable efficacy.
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Abbreviations

BCG	 Bacillus Calmette-Guérin vaccine
CADD	 Combined Annotation-Dependent 

Depletion is a tool for scoring the del-
eteriousness of single-nucleotide 
variants as well as insertion/deletion 
variants in the human genome (http://
cadd.gs.washington.edu)

CNS	 Central nervous system
CSF	 Cerebrospinal fluid
CT scan	 Computed tomography scan
DNA	 Deoxyribonucleic acid
EBV	 Epstein-Barr virus
EMSA	 Electrophoretic mobility shift assay
GAF	 Gamma-activating factor
GAS	 Gamma-activating sequences
GOF	 Gain of function
HIES	 Hyper IgE syndrome
IFN-γ	 Interferon gamma
IL-12	 Interleukin 12
INH	 Isoniazid
ISGF3	 Interferon-stimulated gene factor 3
LIF	 Leukemia inhibitory factor
LOF	 Loss of function
MRI	 Magnetic resonance imaging
MSMD	 Syndrome of Mendelian susceptibil-

ity to mycobacterial diseases
NK	 Natural killer cell
rh 	 Recombinant human
RIF	 Rifampin
SNP	 Single-nucleotide polymorphism
TB	 Tuberculosis
TBM	 Tuberculous meningitis
WES	 Whole exome sequencing

2.1	 �Introduction

Tuberculosis (TB) remains a major public health 
problem, as Mycobacterium tuberculosis infects 
about one third of the world’s population, with 
>9 million new cases and ~1.5 million deaths 
from TB in 2014 [1]. The burden of TB in chil-
dren is also very high, with an estimated number 
of ~1 million new cases of TB in children and 
136,000 deaths reported in 2014 [1]. However, 
only a small fraction of infected subjects develop 
clinical TB [2, 3]. Most subjects (~95%) contain 
the initial infection, and a minority of latently 
infected subjects (~5%) subsequently develop 
active disease after an interval of many years, 
typically due to the reactivation of pulmonary TB 
[4]. The remaining infected subjects (~5%) 
develop clinical TB within 2 years of infection, 
either without latency or after a short latent phase. 
This “primary” TB is common in children, runs 
an acute course, and is often associated with 
extrapulmonary disease [2]. BCG vaccination 
provides some protection against disseminated 
TB in childhood, but this protection is incom-
plete [5]. One of the fundamental questions in the 
field of childhood TB therefore concerns the 
causes of the predisposition to the development 
of severe forms in only a minority of infected 
children.

Among disseminated extrapulmonary forms 
of the diseases, central nervous system (CNS) TB 
is the most devastating manifestation of the infec-
tion [6]. The main pathological manifestations 
include meningitis, tuberculomas, and brain 
abscesses [6, 7]. CNS TB accounts for up to 10% 
of all cases of extrapulmonary TB and carries 
high neurological morbidity and mortality rates 
[8]. CNS TB is more frequent and virulent in 
children than in adults [9]. Hydrocephalus is 
more common in children, while vasculitis that 
develops due to the inflammatory process is the 
most serious consequence of tuberculous menin-
gitis (TBM) [10]. The most common parenchy-
mal lesions in TB of CNS are tuberculomas. 
Tuberculous abscesses are different from tuber-
culomas as they contain central caseation [11]. 
The clinical manifestations of CNS TB are non-
specific and may initially include cough, 
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headache, fever, vomiting, stiff neck, focal sei-
zures, convulsions, focal neurological deficits, 
loss of consciousness, and coma. The diagnosis 
of CNS TB remains challenging because of the 
common absence of bacteriological confirmation 
and is usually based on a combination of epide-
miological, clinical, radiological, and biological 
features, in particular cerebrospinal fluid (CSF) 
analysis.

Despite the severity of CNS TB, the cellular 
mechanisms underlying its pathophysiology are 
poorly understood [7]. The findings obtained in 
the last decade have provided the first clues for 
the involved mechanisms, by showing that at 
least some severe TB cases can be explained by 
single-gene inborn errors of immunity [2]. In par-
ticular, these studies have highlighted the central 
role of the IL-12/IL-23-IFN-γ pathway in some 
children who presented with disseminated TB as 
their sole clinical phenotype [12–15]. Upon M. 
tuberculosis infection, primary host response 
cells such as macrophages release a range of 
cytokines including IL-12, which stimulate the 
production of IFN-γ by T and NK cells [15] (Fig. 
2.1). This cytokine activates macrophages to kill 
intracellular pathogens such as M. tuberculosis 

and enhances the differentiation of IFN-γ-
producing T helper cells [16]. Genetic defects 
leading to an impairment of production of (e.g., 
mutations in IL12B, IL12RB1, ISG15) or response 
to (e.g., mutations in IFNGR1, IFNGR2, STAT1) 
IFN-γ were found initially in patients who had 
disseminated infections by weakly virulent 
mycobacteria as the BCG vaccine in the context 
of the syndrome of Mendelian susceptibility to 
mycobacterial diseases (MSMD) [2, 17, 18]. 
Several cases of severe TB children were 
subsequently shown to be explained by mutations 
in some MSMD genes such as IL12B, STAT1, 
and IFNGR1 [2, 15] with the most common 
defect being IL-12Rβ1 deficiency (due to 
IL12RB1 mutations) [13] including in several 
Moroccan children [14]. Those children had dis-
seminated TB, with several extrapulmonary man-
ifestations, but none of them were clearly reported 
with CNS TB yet.

TB is still highly endemic in Morocco, with 
~28,000 new TB cases in 2013, including 2051 
(7%) in children under the age of 15 years [1]. 
Few studies have reported series of CNS TB 
patients in Morocco. In a large series of 465 
Moroccan TB children reported in the late 
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1980s from the Pediatric Rabat Hospital, about 
50% (234) had extrapulmonary TB [19]. 
Among those 234 patients with extrapulmonary 
forms, 43 (18%) had TBM, and the CSF was 
bacteriologically positive in 18% of these 43 
patients. Anti-TB treatment was 18 months 
associated with corticosteroids in 30 patients, 
and the proportion of fatal outcomes was 21% 
(9/43) [19]. A more recent report described the 
clinical features of 22 Moroccan adult patients 
with CNS TB [20]. CSF analysis was abnormal 
in 82.2% cases, and magnetic resonance imag-
ing (MRI) was abnormal in 12 patients with 
hydrocephalus, intracerebral tuberculomas, 
meningitis, cerebral infarction, and/or spinal 
cord involvement [20]. In the present review, 
we describe two Moroccan children with CNS 
TB in whom we recently identified mutations 
in two genes of the IL-12/IFN-γ circuit, TYK2 
and STAT1.

2.2	 �Patients

2.2.1	 �Family 1

The index case P1 is a young girl, born in 1992 
to a Moroccan first-degree consanguineous fam-
ily. She was BCG vaccinated at birth according 
to the national immunization program. At the 
age of 13 years, she was diagnosed with perito-
neal TB. She was treated with anti-mycobacte-
rial treatment for 6 months: rifampin (RIF), 
isoniazid (INH), and pyrazinamide for 2 months, 
followed by 4 months with RIF and INH. At 
1-month follow-up from end of treatment, she 
suffered from intermittent fever and abdominal 
pain. She presented with an extra-articular fles-
sum of the right hip and an abdominal mass. 
Echography of the abdomen showed a psoas 
abscess associated with deep abdominal adenop-
athy. X-ray showed no involvement of the spine 
and chest. The echocardiography revealed a con-
stricted pericarditis. The culture on Lowenstein-
Jensen from the pus of psoas abscess identified 
M. tuberculosis, and the anatomopathologic 
examination showed some epithelioid cells and 
inflammatory lesions without granulomatous or 

necrosis. She was again treated with anti-TB 
treatment with good clinical and radiological 
outcomes. Four months after the end of treat-
ment, P1 was hospitalized for acute febrile men-
ingitis. CSF hypoglycorrhachia and decreased 
levels of chlorides raised the suspicion of TB 
meningitis. Despite a treatment associating 
cephalosporin, ciprofloxacin, amikacin, and 
anti-TB drugs with corticosteroids, neurological 
complications occurred leading to coma and 
death. Her young brother, denoted as P2, was 
hospitalized at the age of 8 months for meningi-
tis of unknown etiology. He suffered from recur-
rent otitis and urinary tract infections and 
presented asthma and eczema of the ear canal. 
P2 is now 15 years old, has no treatment, and is 
followed in Pediatric Hospital in Casablanca.

2.2.2	 �Family 2

The patient P3 is a young girl born in 1994, to a 
Moroccan first-degree consanguineous family. 
She was BCG vaccinated at birth and was 
healthy until 2011. At the age of 17 years, she 
was hospitalized with clinical symptoms includ-
ing fever, headache, night sweats, weight loss, 
weakness, vomiting, cough, and tetraplegia. She 
had cervical lymphadenopathy, and the patho-
logical analysis from a lymph-node biopsy 
revealed typical caseating necrosis tuberculous 
granulomas which were culture negative for M. 
tuberculosis. She developed triventricular 
aggressive hydrocephalus. Cranial MRI revealed 
multiple lesions throughout the cerebral hemi-
spheres, cerebellum, and brain stem suggestive 
of tuberculomas [21]. The patient received anti-
TB therapy for 1 year with 2 months of cortico-
steroids. She recovered and a follow-up MRI 
showed that all lesions were resolved. Six 
months after the end of treatment, the contrast-
enhanced brain CT scan revealed a solitary brain 
abscess, and surgical intervention was per-
formed. The pus from the brain abscess was 
microscopy positive (Ziehl-Neelsen staining) 
with identification of M. tuberculosis by culture. 
The patient died despite anti-TB and intensive 
care treatments.
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2.3	 �Genetic and Functional 
Analyses

Whole exome sequencing (WES) analysis was 
performed on P1 and P3 as described elsewhere 
[22]. All calls with a coverage ≤4X and a phred-
scaled quality ≤30 were filtered out. WES data 
were filtered based on the frequency of the varia-
tions: at first unknown variations, not described 
in public databases, particularly in genes known 
to be part of the IL-12/IFN-γ signaling pathway 
were considered.

The patient P1 displays a homozygous frame-
shift insertion of one base pair in exon 23 of 
TYK2, 3315_3316insC [23]. The mutation is pre-
dicted to cause a premature stop codon at posi-
tion 1109 (T1105HfsX4). Familial segregation 
reveals that both parents are heterozygous and 
healthy (Fig. 2.2a). Her younger brother, P2, is 
also homozygous for the rare TYK2 mutation and 
suffered from meningitis at 8 months of age, 
from unknown etiology. These results suggest an 
autosomal recessive TYK2 deficiency in this 
family. TYK2 is a member of the Janus kinase 
family (JAK) and part of the JAK-STAT signal-
ing pathways (Fig. 2.1). Briefly, following ligand 
binding to the receptors, the JAKs are activated 
by auto- and transphosphorylation (on tyrosines), 
and they phosphorylate the intracellular part of 
the receptor to which they are associated. This 
created a docking site for latent cytoplasmic 
STATs protein. The STATs are then recruited to 
the receptor, phosphorylated by the JAKs, and 
then dissociate from the receptors to form homo-/
heterodimers or heterotrimers, translocate to the 
nucleus, and modulate the transcription of target 
genes. At this time, human TYK2 deficiency had 
already been identified in two different families 
[24, 25]. The first description in 2006 identifies 
TYK2 as a new genetic etiology of the hyper IgE 
syndrome. Indeed, the Japanese patient suffered 
from atopic dermatitis, high IgE serum level, and 
staphylococcal abscesses [24]. This patient also 
displayed mycobacterial and viral diseases. The 
second patient identified was Turkish and suf-
fered only from mycobacterial and viral diseases 
[25]. Altogether, TYK2 was a good candidate 
gene for this family.

At the cellular level, a complete and thorough 
analysis was performed in order to understand 
the differences in clinical phenotypes of the 
patients described and to highlight TYK2-
dependent signaling pathways, in humans. 
Western blot analysis showed that TYK2 expres-
sion was not detectable on immortalized EBV-
transformed B cells derived from P1, compared 
to a healthy control. TYK2-deficient patients dis-
played impaired but not abolished cellular 
responses to IL-12, as illustrated in Fig. 2.2b. The 
response to IL-12 was tested in the context of a 
whole blood assay. Briefly, blood from the patient 
as well as healthy travel controls, healthy con-
trols, and IL-12Rβ1-deficient patients were either 
not stimulated or stimulated with BCG and 
BCG+IL-12. As a readout, the production of 
IFN-γ was tested 48 h later. As expected, patients 
with a complete IL-12Rβ1 deficiency were 
unable to respond to a stimulation with IL-12, as 
compared to healthy controls and healthy travel 
controls. TYK2-deficient patients display a sig-
nificantly impaired response, as compared to the 
healthy travel controls. This demonstrates that 
TYK2 is required for a normal IL-12 response; 
however, a TYK2-independent response is also 
visible, explaining the impaired but not abolished 
IL-12 response. The response to IFN-α was also 
tested. After IFN-α stimulation, phosphorylation 
of STAT1 and STAT3 is observed in control cells. 
However, in cells from the TYK2-deficient 
patient, the phosphorylation of STAT1 was 
impaired, and the phosphorylation of STAT3 was 
abolished (Fig. 2.2c). The STAT3 phosphoryla-
tion after IFN-α/IFN-β stimulation was rescued 
by transduction of the WT allele of TYK2 within 
the cells. These results show that TYK2 is 
required for IFN-α/IFN-β signaling, but, as for 
IL-12, a TYK2-independent response to IFN-α/
IFN-β is also visible. Other functional assess-
ments showed that TYK2-deficient cells display 
an impaired response to IL-23, with normal pro-
portions of circulating IL-17+ T cells, and an 
impaired IL-10 response [23]. Cellular responses 
to IL-21, IL-27, IFN-γ, IL-28/IL-29 (IFN-l), and 
leukemia inhibitory factor (LIF) were normal.

WES of patient P3 was analyzed following the 
same criteria as P1. In P3, a heterozygous unreported 
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variation was detected in STAT1. The familial seg-
regation is currently unknown (Fig. 2.3a). The vari-
ation is a missense mutation replacing a leucine in 
position 498 to a valine (L498V). The leucine at 
position 498 is highly conserved in other species 
and predicted to be damaging with a CADD score 
at 24. It locates in the linker domain of STAT1, and 

surprisingly no mutations in this domain of the pro-
tein have been described. STAT1 is a transcription 
factor of the STAT family, activated as described 
before. Schematically, STAT1 is involved in differ-
ent signaling pathways: IFN-γ (and IL-27) and 
IFN-α/IFN-β (and IL-29). Activation by IFN-γ (and 
IL-27) leads to the activation of STAT1 homodi-
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Fig. 2.2  Genetic and functional characterization of 
TYK2-deficient patient P1. (a) Pedigree of the TYK2-
deficient family. The generations are indicated by a 
Roman numeral (I–II) and the individuals by an Arabic 
numeral. A double line between the parents means con-
sanguinity. The arrow points to the proband (P1). Black 
shapes indicate disease status. “m” indicates a mutated 
allele. (b) Impaired response to IL-12 in TYK2-deficient 
patients. Blood was stimulated for 48 h with BCG alone 
(MOI = 20) or BCG and 20 ng/ml IL-12. The IFN-γ pro-
duction was assessed by ELISA on supernatants from 
healthy individuals (local controls, LC), patients, healthy 

relatives (travel controls, TC, to whom the patients should 
be compared), TYK2-deficient patients including P1, and 
negative controls (IL-12Rβ1-/-). Mean values for each set 
of conditions are indicated by solid lines. (c) Impaired 
IFN-α/IFN-β signaling pathway, rescued by transduction 
of WT-TYK2. Western blot detecting pSTAT3  in mock-
transduced (Mock) or TYK2-transduced (TYK2) EBV-B 
cells from a healthy control (C+) and P1, without (NS) 
and with (IFN-β) stimulation for 30 min with 105 IU/ml 
IFN-β. The following specific antibodies were used: anti-
TYK2, anti-pSTAT3, anti-STAT3, and anti-tubulin as a 
loading control
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mers, named GAF for gamma-activating factor, 
that bind GAS (gamma-activated sequences) in the 
promoter of target genes. GAF activation also 
occurs following IFN-α/IFN-β stimulation. The 
main transcription factor activated by IFN-α/IFN-β 
and IL-29 is a heterotrimer consisting of STAT1/
STAT2 and p48 and named ISGF3 (interferon-stim-
ulated gene factor 3) that subsequently binds to 
ISRE sequences in the promoter of target genes. It 
was shown previously that GAF-IFN-γ and ISGF3-
IFN-α/IFN-β signaling mediate anti-mycobacterial 

and antiviral immunity, respectively [26, 27]. 
Different types of autosomal dominant STAT1 
mutations have been described [26, 28–30]. The 
first ones are loss-of-function (LOF) mutations 
with a dominant negative effect over the wild type 
[26, 28, 31–33]. They alter either the phosphoryla-
tion or the DNA-binding activity of STAT1. The 
patients suffered from mycobacterial disease due to 
a lack of IFN-γ responses, via STAT1. The others 
are gain-of-function (GOF) STAT1 mutations and 
have been described extensively in patients with 
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Fig. 2.3  Genetic and cellular investigation of STAT1-
deficient patient P3. (a) Familial segregation of the mutant 
STAT1 allele. The generations are indicated by a Roman 
numeral (I–II) and the individuals by an Arabic numeral. 
The arrow points to the proband. Black shapes indicate 
disease status. “E” means no genetic data available and 
“m” indicates a mutated allele. (b) L498V STAT1 allele is 
normally phosphorylated. Western blot detecting 
pSTAT1  in mock-transduced (Mock), wild-type STAT1-
transduced (WT), or L498V-STAT1-transduced (L498V) 

U3C cell line (deficient for STAT1) without (NS) and with 
(IFN-α) stimulation for 30 min with 105 IU/ml IFN-α. The 
following specific antibodies were used: anti-STAT1, anti-
pSTAT1, and anti-GAPDH as a loading control. (c) 
L498V STAT1 allele impairs DNA-binding activity. 
EMSA performed on mock-transduced (Mock), wild-type 
STAT1-transduced (WT), or L498V-STAT1-transduced 
(L498V) U3C cell line (deficient for STAT1) without (NS) 
or with stimulation with IFN-γ (105 IU/ml)(left) or IFN-α 
(105 IU/ml)(right) for 30 min, with a GAS probe
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chronic mucocutaneous candidiasis [29, 30]. 
However, mycobacterial disease is also observed in 
a minority of patients even though the cellular 
mechanism remains unexplained [34–37].

To differentiate between these two possibilities, 
Western blotting and electrophoretic mobility shift 
assays (EMSA), looking at the phosphorylation 
and DNA-binding activity of STAT1 homodimers 
(GAF, gamma-activating factor), respectively, were 
performed. In human cells deficient for STAT1, the 
functional effect of the mutation was assessed. As 
shown in Fig. 2.3b, by the Western blotting, the 
STAT1 L498V allele displayed normal phosphory-
lation (comparable to the wild-type allele) after 
IFN-α/IFN-β stimulation. GOF alleles previously 
tested and reported in the literature exhibit an 
increased phosphorylation as compared to the 
wild-type allele [29]. In addition, a decreased (but 
not abolished) intensity of the GAS-binding com-
plexes is observed in Fig. 2.3c by EMSA compared 
to the wild-type allele. The complexes were shown 
to be specific and formed of STAT1 by adding an 
excess of cold probe and by super-shift experi-
ments (adding specific antibodies) (not shown). 
These results suggest that L498V allele is hypo-
morphic and results in AD LOF STAT1 deficiency. 
As for the other AD LOF STAT1 mutations, GAF 
DNA-binding activity is also impaired after IFN-α/
IFN-β stimulation; however, the DNA-binding 
activity of ISGF3, interferon-stimulated gene fac-
tor 3 (composed of STAT1/STAT2/p48), is main-
tained, certainly explaining the absence of viral 
diseases in these patients. Altogether, we describe 
here another genetic etiology for childhood TB, 
AD LOF STAT1 deficiency, that should be consid-
ered in patients, in particular with CNS TB.

2.4	 �Discussion

We described the first Moroccan patients with 
inherited TYK2 deficiency. The proband P1 had 
multifocal TB disease (lymphadenopathy, 
abdominal, and meningitis TB) leading to her 
death. Her younger brother P2 had meningitis 
from unknown etiology at 8 months of age and 
did not suffer from any other infectious diseases 
since. The clinical phenotype of these two 

TYK2-deficient patients is similar to the six 
other TYK2-deficient patients described [23–
25]. The core clinical phenotype shared by all 
the patients with TYK2 deficiency is mycobacte-
rial disease (either BCG or M. tuberculosis) and/
or viral diseases (mainly from herpes viruses), 
due to impaired IL-12 and IFN-α/IFN-β 
responses, respectively. All TYK2-deficient 
patients but one exhibit a normal response to 
IL-6 and did not display any clinical signs of 
hyper IgE (atopic dermatitis, high serum IgE 
level, and staphylococcal abscesses) [23]. This 
contrasts with the first Japanese TYK2-deficient 
patient described who presented the classical 
clinical signs of hyper IgE associated with myco-
bacterial and viral diseases [24]. It has been 
shown that the response to IL-6 is independent 
of TYK2 and that reintroduction of a WT TYK2 
into the Japanese cells did not rescue the 
impaired response to IL-6 [23]. Altogether, this 
suggests that the impaired response to IL-6  in 
this patient may be TYK2 independent and 
responsible for some of the clinical features of 
HIES.  All the TYK2-deficient patients were 
BCG vaccinated, but only four developed BCG-
osis, consistent with an impaired but not abol-
ished response to IL-12/IL-23. Indeed, 
incomplete clinical penetrance is also observed 
in patients with complete IL-12Rβ1 deficiency 
presenting with an abolished response to both 
IL-12 and IL-23. Finally, an Iranian TYK2-
deficient patient has also been identified, and the 
patient suffered from pulmonary TB as the sole 
clinical phenotype [23]. These cases show 
clearly that complete TYK2 deficiency is a 
genetic etiology of TB.

We are also reporting the first Moroccan 
patient (P3) with inherited STAT1 deficiency 
presenting with multifocal TB disease including 
lymphadenopathy, meningoencephalitis, tuber-
culomas, and brain abscesses. The first identifi-
cation of MSMD-causing mutations of STAT1 
was described in a 33-year-old French patient, 
who developed a disseminated infection by 
BCG in her infancy [26]. To date, eight hetero-
zygous LOF STAT1 mutations have been 
reported in nine unrelated families (including 
ours) originating from different countries 
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(France, Saudi Arabia, Japan, the United States 
of America, Germany) [26, 28, 31–33]. These 
mutations are heterozygous missense mutations 
affecting mainly the C-terminal part of STAT1, 
i.e., the SH2 domain and the tail segment of 
STAT1 (L706S, Y701C, K673R, M654K, and 
K637E). Two additional mutations are located 
in the DNA-binding domain of STAT1 (E320Q 
and Q463H). The mutation we are presently 
reporting is located in the linker domain of 
STAT1 (in between the DNA-binding and the 
SH2 domains). The mutations affect either 
phosphorylation (L706S, Y701C, K673R, and 
M654K) or DNA binding (E320Q, Q463H, 
L498V) or both (K637E) and exert a dominant 
negative effect over the WT allele. As a conse-
quence, patients are vulnerable to mycobacterial 
disease due to an impaired response to IFN-γ. In 
a family with AD LOF STAT1 mutation and 
MSMD, the grandfather of the proband was 
shown to carry the heterozygous mutation and 
had suffered from TB when he was younger, 
suggesting that AD LOF STAT1 mutations can 
predispose to TB [28]. Here, we provide the 

proof of principle that AD LOF STAT1 defi-
ciency is a genetic etiology of TB and should be 
suspected in patients with low response to IFN-γ 
even in the absence of MSMD.

In the present review, we showed that CNS TB 
of two Moroccan children were explained by 
single-gene inborn errors of the IL-12/IL-23-
IFN-γ pathway affecting TYK2 and STAT1 (Fig. 
2.4). To our knowledge, these are the first cases 
of genetic defects in patients with clearly docu-
mented CNS TB. More generally, these observa-
tions support the general hypothesis that severe 
TB of childhood is not only an infectious disease 
but also a genetic disorder, at least in some 
patients [3, 5, 15, 38]. These recent genetic find-
ings have provided us with some clues to under-
stand TB pathogenesis which is still barely 
understood. A number of genetic defects impair-
ing IFN-γ immunity lead to a vulnerability to 
mycobacterial infections and in particular to 
severe TB of childhood. These findings have 
major medical implications, as they could pave 
the way for novel treatments based on physiopa-
thology. The best example is for patients with 
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impaired IFN-γ production, such as those with 
IL-12Rβ1 (and possibly TYK2) deficiency, for 
whom treatment with recombinant human (rh) 
IFN-γ, in addition to anti-mycobacterial drugs, 
seems to be effective [39–41]. Interestingly, 
patients with AD STAT1 deficiency with partial 
response to IFN-γ, like patients with partial 
IFN-γR1 deficiency, may also benefit from 
rhIFN-γ, as successfully done recently [32].

�Conclusion

We illustrated in this review the genetic, 
immunological analyses of patients with CNS 
TB.  They were explained by single-gene 
inborn errors of IL-12/IL-23-IFN-γ pathway 
and IFN-γ-dependent immunity affecting 
TYK2 and STAT1.
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3.1	 �Introduction

Mycobacterium tuberculosis is a slow-growing 
intracellular pathogen, and it is an acid-fast bac-
terium because the cell wall consists mainly of 
hydrophobic mycolic acids. This is a specific 
component of the cell wall of M. tuberculosis, 
which makes up 50% of its dry weight. Due to 
this thick layer of mycolic acids, the entry of 
nutrients is impaired, which causes slow growth 
of mycobacteria but also increases cellular resis-
tance to degradation through lysosomal enzymes 
[1, 2] (Fig. 3.1).

Some components of the cell wall are impor-
tant virulence factors of M. tuberculosis. They 
are characteristic for pathogenic mycobacteria 
but not present on less pathogenic fast-growing 
mycobacterial strains. It is always expected to 
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have predisposing factors for developing tuber-
culosis (TB), including overcrowding, malnutri-
tion, drug abuse, immunosuppressive treatment, 
chronic diseases, and human immunodeficiency 
virus (HIV) infection.

It is believed that extrapulmonary TB 
infection including the central nervous sys-
tem (CNS) starts with respiratory infection 
followed by hematogenous dissemination 
to other sites. The first interaction between 
M. tuberculosis and the host immune system 
occurs after inhalation of tubercle bacilli to 
the distal respiratory tract and reaching the 
alveoli where multiplication will start. This 
interaction between M. tuberculosis and host 
cells is complex and extensively studied, but 
until now, it is not completely understood. 
Other sources of infection like the skin, intes-
tine, oropharynx, or the genitalia are very rare 
and all associated with foci in regional lymph 
nodes.

3.2	 �Immune Response 
in Tuberculosis

In pulmonary TB, innate immunity is primarily 
carried out by macrophages and dendritic cells 
in the alveoli, which recognize diverse bacterial 
moieties or pathogen-associated molecular pat-
terns using specific receptors, such as Toll-like 
receptors (TLR2, TLR4, TLR9), mannose, C3, 
or IgG Fc receptors among others [3–8]. Some 
of these receptors also participate in macrophage 
activation mediated by cytokines or chemo-
kines. Also airway epithelial cells respond rap-
idly to mycobacterial bacilli and produce murine 
b-defensin-3 (mBD3) and murine b-defensin-4 
(mBD4), which probably contribute to the killing 
of mycobacteria [2, 9, 10].

However, bacterial multiplication tends to be 
mostly unimpeded by destroying the macrophages 
(lysosomal acidification) or avoiding their death 

Fig. 3.1  The structure 
of the Mycobacterium 
tuberculosis cell wall
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inside the infected alveolar macrophage by apop-
tosis [11, 12]. This apoptosis mechanism during 
M. tuberculosis infection has been demonstrated 
in multiple in  vitro [9, 13] and in  vivo [14–19] 
studies. It also showed differences according to 
the virulence of the M. tuberculosis strain which 
may suppress this mechanism favoring bacterial 
survival [20].

Adaptive immunity against mycobacterial 
bacilli starts in the lung and regional lymph 
nodes. Dendritic cells (not macrophages) trans-
port the bacilli from the lung to the mediastinal 
lymph nodes [21]; this pathway is controlled by 
chemokines and chemokine receptors (CCR5 
and CCR7). Activation and proliferation of T 
lymphocytes and monocytes by dendritic cells 
with the participation of cytokines (including 
tumor necrosis factor alpha (TNFα), interleukin-1 
(IL-1), and IL-12) may produce extensive inflam-
mation, which can cause local tissue damage. To 
protect against tissue damage, anti-inflammatory 
cytokines (including IL-10 and transforming 
growth factor beta {TGF- β}) will be produced 
to limit the inflammation and may also contrib-
ute to downregulating the protective, immunity-
facilitating bacilli proliferation [22, 23].

Immune reaction in the CNS was described as 
being selective and modified to limit tissue dam-
age within the brain parenchyma, as it is poorly 
regenerative [24–26]. The studies about the 
immune response in CNS TB are limited. Studies 
that reported high concentrations of cytokines 
such as IFN-γ, TNFα, IL-1β, IL-6, IL-8, and 
IL-10 did not find a relation with the activity or 
severity of the disease and suggest the persis-
tence of CNS inflammation [27, 28]. Other stud-
ies showed that cerebrospinal fluid (CSF) gamma 
interferon (IFN-γ) and TNFα were elevated 
before treatment but non-detectable after 6 
months of therapy when antibiotics were admin-
istrated with corticosteroids during the first 2 
months of treatment [29–31]. One of these stud-
ies suggested that high levels of IFN-γ measured 
at 1 month of therapy predicted more likelihood 
to have an intracranial granuloma detected [29]. 
Earlier studies with a small number of tubercu-

lous meningitis (TBM) patients showed the pres-
ence of other pro-inflammatory and 
anti-inflammatory cytokines (IL-10 and TNFα 
soluble receptors) in the CSF [32, 33].

3.3	 �Mycobacterium Tuberculosis 
in the Brain

The blood-brain barrier (BBB) is the primary 
physiological protector of the CNS from hema-
togenous pathogens. It is principally composed 
of tightly apposed human brain microvascular 
endothelial cells, and despite the integrity of this 
barrier, there are some bacterial and viral patho-
gens capable of crossing the BBB and causing 
subsequent infection of brain parenchyma and 
meninges (Fig. 3.2).

M. tuberculosis showed the ability in vitro to 
invade and traverse the human brain microvascu-
lar endothelial cell monolayer mainly by virulent 
mycobacteria [34]. This in vitro model does not 
include cells that form the brain side of the BBB 
(mainly astrocytes), and the role of these cells in 
defense against entry into the brain parenchyma 
is still unclear [35]. Previously, it was believed 
that M. tuberculosis can cross the BBB as a free 

Fig. 3.2  The blood-brain barrier (BBB) is composed 
essentially of brain microvascular endothelial cells, the 
basal portions of which are supported by astrocyte pro-
cesses. These endothelial cells provide protection by lim-
iting the access to the CNS. Such limited access is aided 
by tight junctions and minimal transcytosis, thereby sig-
nificantly reducing paracellular and transcellular 
movement
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(extracellular) organism or via infected mono-
cytes/neutrophils. While the following review 
about CNS infection, such cellular traffic, is 
severely restricted to the CNS before the inva-
sion by the offending pathogen [24], one report 
utilizing CD18 (-/-) leukocyte adhesion defi-
cient mice suggests that free mycobacteria (M. 
avium) via intravenous inoculation may traverse 
the BBB independence of leukocytes or macro-
phages, which develop a chronic, but not acute, 
CNS infection [36].

An understanding of the pathogenesis of TB 
of CNS was developed early in 1933 when Rich 
and McCordock published their experimen-
tal observations of TBM.  Using animal mod-
ules (rabbits and guinea pigs), they were able 
to prove that the intravenous injection of M. 
tuberculosis did not result in immediate menin-
gitis in any of the animals. They also suggested 
that during or after bacteremia due to the pri-
mary tuberculous infection, tuberculous lesions 
(Rich’s foci) will develop in the meninges, the 
subpial or subependymal surfaces of the brain, 
and may remain dormant for years. Ruptures of 
the foci and mycobacteria release into subarach-
noid space or the ventricular system can cause 
meningitis depending on the virulence of the 
bacilli, ruptured foci number, and the immune 
status of the host [37].

These two stages of CNS TB development 
were also demonstrated in later articles, but 
the specific stimulus for the rupture or growth 
of Rich foci is not known [38–40]. If this pro-
gression of the disease occurs in the brain 
parenchyma and meninges, different forms 
of CNS TB can develop (Table 3.1). A recent 
experimental study in BALB/c mice suggested 
that mycobacterial strains with a distinctive 
genotype can disseminate extensively after the 

respiratory infection and infect the brain. In 
meningeal TB, mycobacteria reach the CNS by 
the hematogenous route secondary to pulmo-
nary infection [42].

3.4	 �Tuberculous Meningitis 
(TBM)

TBM is characterized as a meningoencepha-
litis as it affects both the meninges and the 
brain’s parenchyma and its vasculature. After 
the release of tubercle bacilli from granulo-
matous lesions into the subarachnoid space, 
a dense gelatinous exudate forms; it is florid 
in the interpeduncular fossa and suprasellar 
region anteriorly, and it may extend throughout 
the prepontine cistern and surround the spinal 
cord. Microscopically diffuse exudates con-
sist of polymorphonuclear leukocytes, macro-
phages, lymphocytes, and erythrocytes with a 
variable number of bacilli within a loose fibrin 
network [39, 41]. With the disease progression, 
lymphocytes and connective tissue elements 
predominate. Small and medium arteries, as 
well as other blood vessels (capillaries and 
veins) adjacent to and traversing the exudates, 
become inflamed. This vasculitis, leading to 
vascular occlusion and thus cerebral ischemia, 
is a common sequela of tuberculous arteri-
tis. The most serious consequence of TBM is 
vasculitis in the vessels of the circle of Willis, 
the vertebrobasilar system, and the perforating 
branches of the middle cerebral artery, resulting 
in infarctions in the distribution of these ves-
sels. Hydrocephalus, often the communicating 
type associated with chronic infection, results 
from a disturbance in the flow of CSF because 
of obstruction of the basal cisterns, an outflow 
of the fourth ventricle, or the occlusion of the 
cerebral aqueduct by the exudates [43]. Chronic 
hydrocephalus may lead to atrophy of the gray 
and white matter if untreated. “Border-zone 
encephalitis” describes a tissue reaction com-
monly seen in brain tissue adjacent to zones 
of thick adherent exudate which will cause 
edema, perivascular infiltration, and microglial 
reaction.

Table 3.1  Various manifestations of cerebral tuberculosis

Tuberculoma
Tuberculous abscess
Cerebral miliary tuberculosis
Tuberculous encephalopathy/encephalitis
Tuberculous meningitis
Tuberculous vasculopathy

The table is modified from Katti [41]
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3.5	 �Intracranial Tuberculoma

Tuberculoma is avascular spherical granuloma-
tous mass of small tubercles. The exact route of 
entry of tubercle bacilli into the ventricles is con-
troversial. Hematogenous spread through the cho-
roid plexus is the most likely mechanism. Inside 
the tuberculoma mass, TB bacilli could be demon-
strated within a necrotic area composed of caseous 
material. Intracranial tuberculomas can occur at 
any age, and the presenting symptoms are related 
to their location. Infratentorial tuberculomas are 
more frequent in children and may present with 
brainstem syndromes, cerebellar manifestations, 
and multiple cranial nerve palsies [44–47].

Tuberculoma is considered to be a likely 
source of diffuse meningitis. Also, paradoxical 
enlargement or development of tuberculomas 
during anti-TB treatment can occur [48].

3.6	 �Intracranial Tuberculous 
Abscess

Intracranial abscess formation is a rare manifes-
tation of CNS TB but has greater mass effect and 
edema compared to tuberculoma. TB abscesses 
have frank pus with a large number of polymor-
phonuclear leukocytes and a large number of 
bacilli. Tuberculous brain abscess develops either 
from parenchymal tubercular granulomas or 
through the spread of tuberculous foci from the 
meninges. It can present as solitary or multiple 
lesions [49, 50].

3.7	 �Tuberculous Encephalopathy

It consists of diffuse edema of cerebral white 
matter with fewer neurons in gray matter. The 
pathogenesis of “tuberculous encephalopathy” 
was described exclusively in infants and in chil-
dren by Dastur and Udani [51, 52] who sug-
gested that it was an allergic delayed type IV 
hypersensitivity reaction due to cell-mediated 
immunity to tuberculin protein. It was seen in 
Indian children with pulmonary TB who devel-
oped neurological symptoms in the form of 

convulsions, stupor, and coma without signs of 
meningeal irritation or focal neurological deficit. 
TB encephalopathy is a rare entity and develops 
as a complication of pulmonary TB and exten-
sive cerebral demyelination.

3.8	 �Tuberculous Spondylitis 
(Pott’s Disease)

It is usually secondary to an extra-spinal source of 
infection and represents a combination of osteo-
myelitis and arthritis that usually involves more 
than one vertebra. It spreads either via the arte-
rial or the venous route. An arterial arcade, in the 
subchondral region of each vertebra, is derived 
from anterior and posterior spinal arteries; this 
arcade forms a rich vascular plexus. This vascular 
plexus facilitates the hematogenous spread of the 
infection in the paradiskal regions. The spread of 
the infection via the intraosseous venous system 
may be responsible for central vertebral body 
lesions [53]. The anterior aspect of the vertebral 
body adjacent to the subchondral plate is usually 
affected. TB may spread from that area to adja-
cent intervertebral disks. In adults, disk disease 
is secondary to the spread of infection from the 
vertebral body. In children, the disk, because it is 
vascularized, can be the primary site [54].

Vertebral destruction leads to a collapse of the 
body of the vertebra along with anterior wedging. 
Spinal cord compression in Pott’s spine is mainly 
caused by pressure from a paraspinal abscess, 
which is retropharyngeal in the cervical region 
and spindle-shaped in thoracic and thoracolum-
bar regions. Neurological deficits may also result 
from dural invasion by granulation tissue and 
compression from the debris of sequestrated 
bone, a destroyed intervertebral disk, or a dislo-
cated vertebra. Rarely, vascular insufficiency in 
the territory of the anterior spinal artery has also 
been suggested [41].

In spinal TB, with the involvement of more than 
one vertebra because of segmental arteries that 
bifurcate to supply two adjacent vertebrae, the 
spread of the disease beneath the anterior or poste-
rior longitudinal ligaments involves multiple con-
tiguous vertebrae. A lack of proteolytic enzymes in 
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mycobacterial infections has been suggested as the 
cause of the subligamentous spread of infection 
unlike in the case of pyogenic infections [55–58].

The upper lumbar and lower thoracic spine are 
the most frequently involved sites. More than one 
vertebra is typically affected, and the vertebral body 
is more commonly affected than the posterior arch 
[59]. The distortion of the spinal column leads to 
spinal deformities [53, 60] (Table 3.2). Paraplegia is 
the most devastating complication of spinal TB. In 
a classical paper, Hodgson [60] classified paraple-
gia into two groups according to the activity of the 
TB infection. These two groups were paraplegia of 
active disease (early-onset paraplegia) and paraple-
gia of healed disease (late-onset paraplegia).

The kyphotic deformity is more likely to be 
caused by lesions in the thoracic spine than by those 
in the lumbar spine. A cold abscess can occur if the 
infection extends to adjacent ligaments and soft tis-
sues. Abscesses in the lumbar region may descend 
to the sheath of the psoas to the femoral trigone 
region and eventually erode into the skin [61].

3.9	 �Tuberculous Arachnoiditis

Tuberculous arachnoiditis is a cause of myelora-
diculopathy in countries endemic for TB.  The 
inflammatory exudate surrounds the spinal cord 
and nerve roots without infiltration. Frequently, 
there is vascular involvement with periarteritis 
and occlusion of small vessels. Neuronal struc-
tures are damaged by direct compression as well 

as by ischemia. The changes of arachnoiditis may 
be focal, multifocal, or diffuse. In TB arachnoidi-
tis, features of spinal cord or nerve root involve-
ment may predominate, but most often, there is a 
mixed picture [44].

3.10	 �Non-osseous Spinal Cord 
Tuberculosis

Intramedullary tuberculomas are extremely rarely 
reported, and reports from developing countries 
have also been sporadic. This was seen by Dastur 
in 1983, when he reviewed cases with tuberculous 
paraplegia without evidence of Pott’s disease [62]. 
It was observed that extradural tuberculomas, 
arachnoid lesions without dural involvement, and 
subdural/extramedullary lesions were present in a 
significant number of patients.

�Conclusion

In summary, despite the fact that it has been long 
since the discovery of M. tuberculosis, remark-
ably little is known about the pathogenesis of 
CNS TB.  Understanding how M. tuberculosis 
invades and survives in the CNS would be very 
helpful to developing better preventive and man-
agement strategies. Future studies on M. tuber-
culosis and their interactions with the host 
immune system and the BBB will lead to a better 
understanding of CNS TB, with the aim to over-
come the considerable challenges in diagnosing, 
treating, and managing this disease.

Table 
3.2  Mechanisms 
of paraplegia/
tetraplegia in spinal 
tuberculosis

Causes of neurological involvement

Early-onset paraplegia

Mechanical pressure By tuberculous debris, sequestrum of bone or disk, abscess, 
subluxation and dislocations, concertina collapse, and internal 
gibbus

Tuberculous granuloma Tuberculoma in extradural, intradural, or intramedullary regions
Tuberculous myelitis May involve spinal cord parenchyma
Spinal artery thrombosis Infective thrombosis of anterior spinal artery
Tuberculous arachnoiditis Meningeal inflammation and fibrosis
Late-onset paraplegia

Transection of spinal cord 
by bony bridge

Transverse ridge of bone produced by severe kyphosis

Fibrosis of dura 
(pachymeningitis)

Formation of tough, fibrous membrane encircling the cord

The table is modified from Garg and Somvanshi [53]
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Abbreviations

ADA	 Adenosine deaminase
AFB	 Acid-fast bacilli
AIDS	 Acquired immunodeficiency syndrome
CNS	 Central nervous system
CSF	 Cerebrospinal fluid
CSW	 Cerebral salt wasting
CT	 Computed tomography
CVST	 Cortical venous sinus thrombosis
HIV	 Human immunodeficiency virus
MAC	 Mycobacterium avium complex
MRI	 Magnetic resonance imaging
NAA	 Nucleic acid amplification assay
NTM	 Nontubercular mycobacteria
PCR	 Polymerase chain reaction
SIADH	Syndrome of inappropriate antidiuretic 

hormone secretion
TB	 Tuberculosis
TBA	 Tuberculous brain abscess
TBM	 Tuberculous meningitis

4.1	 �Introduction

The scourge of tuberculosis (TB) is borne pro-
foundly by the nervous system. The frequently 
subtle clinical presentation, varied sensitivity of 
noninvasive diagnostic tests, and the understand-
able resistance of the clinician to biopsy brain tis-
sue heightens the malady of TB of the central 
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nervous system (CNS). TB can cause diverse 
lesions in the brain and spine and mimic a large 
number of infective and noninfective disorders. 
The current chapter discusses in detail the vari-
ous pathologic manifestations of TB of CNS, the 
modalities used for diagnosis, and the differen-
tials to be considered before diagnosing a lesion 
as tubercular in origin.

4.2	 �Pathogenesis of CNS 
Tuberculosis: Infection 
to Organ Dissemination

The infection typically begins when tubercle 
bacilli are inhaled and reach a terminal airway 
forming a pulmonary parenchymal (Ghon’s) 
focus. The lymphatics in the vicinity of the Ghon’s 
focus spread the infection to the regional lymph 
nodes and contribute to the primary complex in 
TB.  The interplay between the hosts’ immunity 
and the bacterial virulence decides the future 
course of the disease. In the early phase, the infec-
tion is contained by nonspecific immunity, and 
4–8  weeks later, cell-mediated immunity elimi-
nates the infection or leads to the formation of an 
inactive focus. In the natural course of the disease, 
the bacilli disseminate from the primary complex 
via hematogenous route and reach the target 
organs where they may survive for prolonged 
periods [1]. Wallgren documented the clinical and 
pathological spectrum after primary infection 
with TB and formulated the timetable for child-
hood TB which is composed of five phases [2]. 
The period of highest risk for miliary TB and 
tuberculous meningitis (TBM) is 1 to 3 months 
after primary infection [2].

In adults, after 10–30 years of initial infection, 
secondary or postprimary TB occurs when the 
bacteria are reactivated, or the person gets rein-
fected to develop characteristic upper zone lung 
cavities with proliferation of mycobacteria [1, 3]. 
It is rather surprising that immunocompetent adult 
patients suffer worse from postprimary TB. This 
is a mechanism to control the infection locally, 
mainly in the upper lung zone as cavitary lesions 
that shed large numbers of organisms into bronchi 
that are subsequently coughed out from the air 

passages. Extrapulmonary spread of infection is 
on the other hand commoner in immunosup-
pressed and aged patients who develop dissemi-
nated disease. In immunocompetent adults, 
extrapulmonary TB constitutes 15–20% cases of 
TB, while in immunosuppressed patients, 50% 
cases of TB are extrapulmonary. Almost any 
organ can be involved in extrapulmonary TB, 
especially in HIV coinfection or other immuno-
suppressed states. Table 4.1 enlists the extrapul-
monary organs involved in TB [4, 5].

4.3	 �Nervous System Involvement 
in Tuberculosis

TB of CNS occurs in about 10–15% of patients 
with TB [5]. According to the two-step model of 
Rich and McCordock, at the time of initial pul-
monary infection, the bacteria reach the oxygen-
rich CNS via the systemic circulation within 
2–4 weeks and get lodged in the parenchyma of 
the brain, meninges, and adjacent tissues. These 
sites eventually develop variable-sized granulo-
mas (Rich focus). Such foci may home in the 
meninges or subpial or subependymal brain 
parenchyma. After periods of dormancy, these 
foci may rupture or grow to produce different 
manifestations of CNS TB. TBM occurs with the 
involvement of meninges which is usually due to 
the rupture of such foci into the subarachnoid 

Table 4.1  Organs involved in extrapulmonary 
tuberculosis

Site of involvement Manifestation

Lymph nodes Tubercular lymphadenitis
Central nervous 
system

Tubercular meningitis, 
tuberculomas, abscesses, 
radiculomyelitis

Pleura Tubercular pleuritis
Skeletal Tubercular osteomyelitis and 

spondylitis
Intra-abdominal Gastrointestinal and 

genitourinary tuberculosis, 
tubercular peritonitis

Heart Tubercular pericarditis
Skin Cutaneous tuberculosis
Disseminated 
tuberculosis

Involving two or more organs
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space or ventricles and less frequently secondary 
to rupture into a blood vessel. When tubercles 
enlarge in the substance of the brain but do not 
rupture into the subarachnoid space, tuberculo-
mas result. Impaired cell-mediated immunity 
underlies the development of CNS TB, and the 
risk factors include old age, alcohol abuse, iatro-
genic immunosuppression, human immunodefi-
ciency virus (HIV) coinfection, and lymphomas 
[6–11].

Resultant manifestations of the dissemination 
of tubercle bacilli in the CNS include TBM, 
tuberculomas, and tuberculous abscess. The 
pathology of these lesions is detailed in this sec-
tion. Involvement of the spinal cord and cranial 
and peripheral nerves is also common and will be 
discussed in later chapters. Most of the present-
day understanding of the pathology of tubercular 
lesions is based on studies on autopsy specimens 
from patients with CNS TB. Most of the CNS TB 
is caused by Mycobacterium tuberculosis; the 
nontuberculous mycobacteria species (atypical 
mycobacteria) cause infections in immunosup-
pressed individuals and are dealt with in Sect. 
4.3.6 [12].

4.3.1	 �Tuberculous Meningitis

4.3.1.1	 �Introduction
Meningitis is the commonest manifestation of 
CNS TB; it is also the most severe [13]. Children 
are affected more frequently than adults, as noted 
in 78 of the 100 autopsied cases of TBM in a semi-
nal study by Dastur et al. [14]. As earlier discussed, 
hematogenous dissemination of TB bacilli to the 
CNS leads to formation of a focus at the site where 
the bacilli lodge. This focus is known as the Rich’s 
focus, the rupture of which into the subarachnoid 
space largely accounts for meningitis. The lesion 
is usually suspected in cases with chronic menin-
gitic symptoms and a lymphocytic pleocytosis of 
the cerebrospinal fluid (CSF). Basal meningeal 
enhancement and hydrocephalus are the usual 
findings noted on computed tomography (CT) 
done in patients with TBM (Fig. 4.1). Conventional 
magnetic resonance imaging (MRI) sequences in 
early stages may not show any abnormality; in 

such a situation, magnetization transfer sequences 
are considered superior in detecting abnormal 
meninges. Common sites of meningeal involve-
ment, as noted on post-contrast T1-weighted 
sequences, are interpeduncular fossa, pontine cis-
tern, perimesencephalic cistern, suprasellar cis-
tern, and Sylvian fissures, with occasional 
involvement of sulci over the convexities [15, 16].

4.3.1.2	 �Gross Pathology
TBM lesions predominate in the leptomeninges 
at the base of the brain. Autopsy studies of brain 
specimens from patients with TBM reveal cere-
bral edema, increased brain weight, and flatten-
ing of gyri. Herniation of tonsils and uncus may 
occur as a result of the edema. The basal arach-
noiditis presents as opacity and thick surface exu-
dates, extending into the cisterns and around 
Sylvian fissures, optic chiasm, cerebellum, and 
brainstem. On cut sections of the brain, the ven-
tricles appear dilated, and communicating or 
obstructive hydrocephalus may be present [17]. 

Fig. 4.1  Contrast-enhanced CT scan of the head showing 
basal exudates causing obstructive hydrocephalus in a 
patient of tuberculous meningitis (TBM)
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The distal internal carotid artery, proximal middle 
cerebral artery, proximal anterior cerebral artery, 
and perforating vessels of the basal ganglion are 
encased in the exudates. The lumina of the 
encased arteries are narrowed and eventually 
occluded. Areas of gray and white matter infarc-
tion especially involving the Sylvian fissure, 
basal ganglia, and internal capsular region may 
be present. Tubercles associated with TBM 
appear as small focal opacities, 3–5 mm in diam-
eter [16, 19–21]. The infection may track down 
from the posterior fossa and lead to spinal TBM 
or myeloradiculopathy [21].

4.3.1.3	 �Microscopic Pathology
The exudates in the leptomeninges are serofibri-
nous with extensive caseous necrosis [16, 18] 
(Fig. 4.2). An infiltrate of lymphocytes, plasma 
cells, and epithelioid histiocytes is prominent by 
the second week of infection [22]. Occasional 
giant cells of Langhans type may be present. 
Well-formed epithelioid granulomas are the hall-
mark of tubercular lesions but usually are few 
and ill defined in TBM [17] (Fig. 4.3). Similar 
chronic inflammation may be seen in the epen-
dyma and choroid plexus. The underlying brain 
parenchyma is edematous with reactive gliosis 
and areas of ischemic infarction. The vessels may 

show infiltrative, necrotizing, or proliferative 
lesions or any combination of these on histology 
[17]. Infiltrative transmural lymphocytic inflam-
mation may be noted in sections from the encased 
basal arteries [16, 18, 23]. Fibrinoid necrosis of 
vascular intima and media is seen in necrotizing 
lesions. Proliferative lesions comprise prolifera-
tion of intima, atrophy of medial layer, and frag-
mentation of elastic lamina (Fig. 4.4). Meningeal 
veins also show phlebitis and luminal thrombi. 
Vascular lesions are usually resistant to anti-TB 
treatment. Acid-fast bacilli (AFB) are found in 
areas of caseous necrosis and can be demon-
strated in about 70–80% of cases [17] (Fig. 4.5).

4.3.2	 �CNS Tuberculoma

4.3.2.1	 �Introduction
Tuberculomas are caseous foci which result from 
tubercles lying deep in the brain parenchyma. 
Wakeley, in his observations on tuberculomas, 
summarized the reported incidence of tuberculo-
mas of the brain to range between 2% and 33% 
[24]. Brain tuberculomas may be seen in 15–50% 
of all intracranial lesions in the developing world 
and 4% of all intracranial lesions in developed 
countries and account for a high morbidity and 

Fig. 4.2  Meningeal 
exudate (arrow) and 
underlying granuloma 
(asterisk) in a case of 
TBM (hematoxylin and 
eosin, ×50)
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mortality [22]. Way back in the late 1950s, Arseni 
described the features in 201 cases of operated 
tuberculomas [25]. The highest incidence was 
seen in patients less than 30 years of age [25]. 
Infratentorial involvement was found to be more 
common in adolescent age group, while supraten-
torial tuberculomas predominated in adult males 
[25]. Dastur et  al. noted a high incidence of 
tuberculomas in children compared to adults with 

infratentorial location being the favored site in the 
younger age group [26]. The relatively high fre-
quency of tuberculomas in children, presumably, 
is due to the fact that TB infection is relatively 
commoner during childhood, and children are par-
ticularly susceptible to extrapulmonary TB 
because they are unable to contain the infection at 
sites beyond the lung. Brain tuberculomas are usu-
ally single; multiple tuberculomas are seen in 

Fig. 4.3  The meningeal 
exudate comprising of 
lymphocytes and a 
collection of epithelioid 
histiocytes (arrow) 
(hematoxylin and 
eosin, ×200)

Fig. 4.4  Meningeal 
exudate with 
fibrointimal proliferation 
of vessel walls (arrows) 
(hematoxylin and 
eosin, ×100)
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15–34% of cases. The size varies between 1 mm 
and 12 cm [22, 27, 28]. Tuberculoma patients may 
present with signs and symptoms of raised intra-
cranial pressure mimicking other space-occupying 
lesions. Thus, headache, vomiting, drowsiness, 
papilledema, hemiparesis, or seizures can be the 
presenting feature/s in such patients [29]. On 
contrast-enhanced CT scan and MRI of the brain, 
tuberculomas are seen as ring-enhancing lesions 
usually with a conglomerate appearance (Fig. 4.6).

4.3.2.2	 �Gross Pathology
Mature tuberculomas are firm, grayish white, 
lobulated nodules without a capsule and contain a 
central area of caseation. Satellite lesions often 
surround a larger granuloma. Most tuberculomas 
vary in size from 2 to 40 mm in diameter but can 
reach up to 12  cm in diameter. Tuberculomas 
have a predilection for frontal lobes in adults and 
cerebellum in children, but this is not always true, 
and they can occur anywhere supra- or infraten-
torially. Less common features include calcifica-
tion or invasion of the bone surrounding the 
tuberculoma [30].

4.3.2.3	 �Microscopic Pathology
A classic tubercle, as seen on microscopy, is a 
central area of necrosis surrounded by inflammatory 

cells comprising lymphocytes, epithelioid 
histiocytes, and Langhans giant cells, with an encir-
cling rich vascular zone (Fig. 4.7). These lesions 
begin as a cluster of microgranulomas which join to 
form a noncaseating tuberculoma. Reactivation or 
further evolution of these lesions leads to caseation 
within the center of this tuberculoma. The caseation 
is initially solid surrounded by a rim of granuloma-
tous infiltrate comprising of epithelioid histiocytes, 
multinucleate giant cells, and mononuclear inflam-
matory cells. The central core is cheesy and has 
high lipid content, with macrophage infiltration, 
regional fibrosis, and perilesional cellular infiltrates 
with a few bacilli in the center (Figs. 4.8 and 4.9). 
Liquefaction of the solid caseation slowly begins 
from the center. The capsule consists of granulation 
tissue and compressed glial tissue. There is associ-
ated perilesional edema with some proliferation of 
astrocytes in the surrounding brain parenchyma [16, 
22, 31]. There may be evidence of calcification in 
inactive lesions. Rarely, tuberculomas may occur as 
a plaque-like meningeal covering without exuda-
tion. This leads to formation of a solid mass without 
calcification or caseation. This is called an en plaque 
tuberculoma and was first described by Pardee and 
Knox in 1927. The commonest location of en 
plaque tuberculoma is reportedly in the frontopari-
etal region [32].

Fig. 4.5  Acid-fast 
tubercle bacilli (arrows) 
in a biopsy from a case 
of TBM (Ziehl-Neelsen, 
×1000)
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a b

c d

Fig. 4.6  A left temporal tuberculoma exhibiting an iso- to 
hypointense lesion with mild perilesional edema on T1-W 
image (a), T2-W (b), and fluid-attenuated inversion recov-
ery (c) images showing areas of mixed intensity surrounded 

by edema. Post-contrast T1-W image (d) shows ring 
enhancement and conglomerate appearance of the 
granuloma
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4.3.3	 �Tuberculous Abscess

4.3.3.1	 �Introduction
Tuberculous brain abscess (TBA) is a rarer 
manifestation of CNS TB, compared with 
TBM and tuberculoma. Whitener analyzed 
verified cases of TBA from the literature prior 
to 1978 and concluded that their presentation 

is acute, often occurring in the third and fourth 
decades of life. Abscesses are usually supra-
tentorial in  location, and their common mode 
of presentation is with focal neurologic signs. 
Associated evidence on history and laboratory 
findings is present. He proposed the criteria 
for the diagnosis of TB abscess as (1) the pres-
ence of a cavity in brain parenchyma with pus 

Fig. 4.7  Low-power 
view of a tuberculoma 
showing areas of 
caseous necrosis 
(asterisk), granuloma 
formation (circle), 
hyalinization (oval), and 
inflamed glial tissue 
(square) (hematoxylin 
and eosin, ×50)

Fig. 4.8  Caseous 
necrosis (asterisk) in the 
center of a granuloma 
(circle). Few giant cells 
are noted (arrow) 
(hematoxylin and eosin, 
×200)
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in the center, as revealed on autopsy or surgi-
cal material, (2) microscopic evidence of 
mixed inflammation with a predominance of 
neutrophils and vascular granulation tissue, 
and (3) the presence of tubercle bacilli in the 
pus or wall of the abscess or a positive culture 
for M. tuberculosis [33].

The exact pathogenesis of TBA is unknown. It 
is hypothesized that the abscess arises from liq-
uefaction and caseous necrosis of tuberculomas. 
The TB bacilli in TBA, as in other forms of CNS 
TB, reach the brain via hematogenous spread 
from foci in the lungs or other sites of primary 
infection. The deficiency in the host immune sta-
tus, bacterial load, virulence of the organism, and 
route of infection plays a central role in forma-
tion of TBA after the primary infection. On MRI, 
TB abscesses vary form 3–20  mL in volume. 
They are hypointense on T1-weighted and hyper-
intense on T2-weighted images and show distinct 
rim enhancement on contrast administration (Fig. 
4.10). The wall of the abscess is smooth or lobu-
lated in majority of cases. On routine sequences, 
it is difficult to differentiate pyogenic from TBA; 
newer sequences, like magnetization transfer 
MRI, in  vivo MR spectroscopy, and diffusion-
weighted imaging, may be useful in differentiat-
ing them [34].

4.3.3.2	 �Gross Pathology
TBA may be solitary or multiple. In a study on 
110 patients comparing pyogenic, TB and fungal 
brain abscesses, of the eleven culture-proven TB 
abscesses, six were solitary and five multiple. 
Three of eleven cases showed satellite lesions 
[35]. On macroscopic examination, TBAs are 
discrete lesions with central liquefactive necrosis 
surrounded by a fibrous reaction and edema [36].

4.3.3.3	 �Microscopic Pathology
The classical histomorphological features of 
TBA have been well described. A TBA is a local-
ized collection of pus admixed with TB bacilli 
and surrounded by a capsule. A TBA does not 
show typical tubercular granulomas. It closely 
resembles a pyogenic abscess, and hence the 
diagnosis of a TBA relies on the identification of 
TB bacilli in the pus or wall of the abscess and 
presence of a predominantly neutrophilic infil-
trate. The presence of epithelioid and giant cells 
which are a characteristic feature of tubercular 
granuloma is lacking in TBA [37].

Microscopically, the outermost wall of the 
abscess is composed of gliotic parenchyma with 
perivascular lymphocytic infiltrates and edema 
surrounded in most cases by a collagenous 
capsule and a rim of granulation tissue (Fig. 

Fig. 4.9  Langhans giant 
cells (arrows) and 
epithelioid cells (line)  
in a tubercular granuloma 
(hematoxylin and 
eosin, ×400)
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4.11). This is followed by sheets of histiocytes 
and foamy macrophages with interspersed 
aggregates of neutrophilic infiltrate (Figs. 4.12 
and 4.13). Luminal necrosis differs from caseous 

necrosis by its richer content of fibrin and the 
presence of neutrophils. Epithelioid granulomas 
which are so typical of tuberculomas are ill 
formed or resemble palisades around the necrotic 

a

c

b

d

Fig. 4.10  MR imaging findings in case of a tuberculous 
brain abscess (TBA) with perilesional edema in left 
parieto-occipital region (arrows). T1-W image shows a 
hypointense lesion with a hyperintense wall (a). Mixed 

intensity lesion with irregular walls is seen on T2-W (b) 
and fluid-attenuated inversion recovery sequences (c). 
Post-contrast T1-W image (d) shows rim enhancement
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center [36–38]. Chakraborty et  al. found that 
AFB could be identified using Ziehl-Neelsen 
staining in 62% cases and immunohistochemical 
staining for mycobacterial antigen in 83% cases 
of TBA [36] (Fig. 4.14). They could demonstrate 
mycobacterial antigen within the epithelioid 
cells, foamy macrophages, and Langhans giant 
cells on immunohistochemical staining [36].

4.3.4	 �Complications of Tuberculous 
Meningitis

Apart from tuberculomas and abscesses which 
complicate TBM, there can be other 
life-threatening complications that may occur 
despite anti-TB treatment. These complications 
are briefly discussed below.

Fig. 4.11  Intense glial 
inflammatory infiltrate 
in a case of TBA 
(hematoxylin and eosin, 
×50)

Fig. 4.12  Intense 
mixed inflammation and 
occasional giant cells 
(arrow) in a section 
from TBA (hematoxylin 
and eosin, ×100)
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Hydrocephalus
Hydrocephalus is the most common complica-
tion of TBM and can occur any time during the 
course of the disease, as well as either before or 
after commencement of therapy. Hydrocephalus 
in patients with TBM is usually of communicat-
ing type (Fig. 4.15). Hydrocephalus occurs due to 
the blockage of the subarachnoid space or the 

ventricular pathways by the inflammatory exu-
dates. Obstructive hydrocephalus develops when 
the aqueduct or the fourth ventricular outlets are 
clogged by exudates [39, 40].

Stroke
As discussed earlier, basal exudates spread ante-
riorly encompassing the optic chiasm and ante-

Fig. 4.13  Inflammatory 
infiltrate in TBA 
comprising numerous 
polymorphs with few 
lymphocytes 
(hematoxylin and 
eosin, ×400)

Fig. 4.14  Numerous 
tubercle bacilli in a TBA 
(Ziehl-Neelsen, ×1000)
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rior cerebral vessels and extend laterally into the 
Sylvian fissures around the carotid artery, middle 
cerebral trunks, and their penetrating branches. 
Cortical infarcts in TBM are believed to result 
from any or all of vasculitis, intimal proliferation 
of vessel walls and thrombosis. These infarcts 
occur most commonly in the territory of small- or 
medium-sized vessels [41, 42]. Cortical venous 
sinus thrombosis (CVST) or venous infarcts are a 
lesser known complication of TBM.  There are 
isolated reports of CVST in TBM, usually occur-
ring secondary to endothelial injury due to an 
inflammatory response, sluggish venous flow, 
and increase in platelet aggregation [43, 44]

Ventriculitis
Ventriculitis or ependymitis is a more common 
complication of bacterial meningitis but does 
occur in TBM as well. It requires long-term anti-
TB treatment or surgical intervention in resistant 
or acutely deteriorating cases. As reported by 
Singh et al., the most common feature of tubercu-
lar ventriculitis is hydrocephalus along with con-
trast enhancement of ependymal lining of one or 
more of ventricle walls, with or without ventricu-
lar sludge in lateral ventricles [45].

Cranial Neuropathies
Evidence of cranial nerve involvement is seen 
in about one-fourth of TBM patients. The most 
common affliction is seen in the sixth cranial 
nerve. In a retrospective analysis of 158 cases 
with TBM, 38% of patients had cranial nerve 
involvement, with abducens being the one 
most commonly involved; 10% had multiple 
cranial nerve involvement. Involvement of the 
first, fourth, fifth, or eighth nerves was not 
observed. Cranial nerve involvement is due to 
basal exudates, vasculitis of arteries supplying 
the midbrain region, optochiasmatic arach-
noiditis, and infiltration either directly by exu-
dates or by fibrous bands compressing the 
nerves [46].

Tuberculous Encephalopathy
Dastur and Udani described the clinicopatho-
logical features of 20 cases of diffuse brain 
damage in patients with TB [47]. They coined 
the term “tuberculous encephalopathy,” and the 
most striking abnormality on autopsy was 
edema predominantly of the white matter. It was 
originally proposed that the diffuse brain dam-
age is immune mediated, though later studies 
suggested that hypoxic ischemic damage was 
also contributory [47, 48].

Hyponatremia
Hyponatremia is one of the more common com-
plications in TBM seen in about 50% cases. Two 
physiologically distinct conditions which can 
lead to hyponatremia in TBM are syndrome of 
inappropriate antidiuretic hormone secretion 
(SIADH) and cerebral salt-wasting (CSW) syn-
drome. Hyponatremia in the setting of SIADH is 
dilutional as the total body sodium remains nor-
mal, while in CSW, urinary sodium excretion is 
increased, and the urine output is inappropriately 
high despite the presence of dehydration. While 
fluid restriction can be detrimental for patients 
with CSW, it is beneficial in SIADH; exact diag-
nosis of the etiology of hyponatremia hence 
becomes important. The electrolyte and hydra-
tion status of these patients require close moni-
toring [49, 50].

Fig. 4.15  Dilated lateral and third ventricles in a patient 
with TBM and hydrocephalus (white arrows). Mild 
periventricular lucency can be seen around the frontal and 
occipital horns of lateral ventricles (black arrows)
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Optochiasmatic Arachnoiditis
Optochiasmatic arachnoiditis is the foremost 
cause of visual impairment in TBM.  This is a 
consequence of basal exudates in the interpedun-
cular, suprasellar, and Sylvian cisterns. An Indian 
study related younger age, female sex, and raised 
CSF proteins with optochiasmatic arachnoiditis. 
This devastating condition is thought to be a 
result of the exaggerated host response against 
proteins of TB bacilli [51, 52].

4.3.5	 �HIV and CNS Tuberculosis

With the increasing incidence of acquired immuno-
deficiency syndrome (AIDS), a concomitant 
increase in the incidence of extrapulmonary TB, 
especially TBM, has been noted. Worldwide, TB is 
among the leading causes of death in people infected 
by HIV.  CNS involvement has been reported in 
10–20% of patients with AIDS-related TB. A high 
mortality of around 80% has been reported for TB 
of CNS among HIV-infected patients [53].

TB of CNS may present in HIV-infected indi-
viduals as meningitis, tuberculoma, abscess, 
encephalitis, or radiculomyelitis. Treatment in 
cases coinfected by HIV is complicated by 
HIV-TB drug-drug interactions, interrelated drug 
toxicities, and immune reconstitution inflamma-
tory syndrome. Generally, HIV-infected CNS TB 
patients have a poorer outcome compared to non-
HIV patients. Impaired T cell-mediated immu-
nity and decline in CD4 T cells in HIV-infected 
persons increase the risk of CNS TB. There is a 
heightened risk of dissemination and extrapul-
monary TB during the stage of reactivation or of 
primary progression after TB infection [54, 55].

Pathology
Though HIV infection does not modify the pre-
sentation of TBM or tuberculoma, the likelihood 
of opportunistic intracranial infections and malig-
nancies should be excluded. An Indian study dem-
onstrated that HIV-positive patients with TBM 
have fewer basal exudates which are thin and 
serous. The inflammatory response is minimal 
with few epithelioid histiocytes and no Langhans 
type of giant cells. On the contrary, cerebral paren-
chyma and meninges are full of AFB, and infarcts 

are common [56]. Tubercular granulomas are less 
common in HIV-infected individuals, and the 
most common etiology for granulomatous lesions 
in HIV infection is cerebral toxoplasmosis. It has 
been postulated that a severe degree of immuno-
suppression impairs the granulomatous inflam-
matory response to mycobacteria. TBAs occur in 
a greater proportion of HIV-positive patients than 
in the population in general [38]. In the absence 
of a strong immune response, the foci of cerebritis 
develop into abscess in the presence of HIV infec-
tion. A higher yield of AFB on smear (69%) and 
culture (87.9%) of CSF has been reported from 
HIV-positive patients rather than HIV-negative 
ones [57].

4.3.6	 �Nontubercular Mycobacterial 
CNS Infection

Nontubercular mycobacteria (NTM) are a rare 
but serious cause of meningitis, especially in 
immunosuppressed states. The pathogenic poten-
tial of these organisms can be made out with 
increasing incidence of NTM with the advent of 
AIDS pandemic. Flor et  al., in 1996, described 
the clinical details on reviewing all cases of NTM 
described in English literature. Of the 52 reported 
cases, 31 were caused by Mycobacterium avium 
complex (MAC), 9 were caused by scotochromo-
gens, 6 by Mycobacterium kansasii, and 6 by 
Mycobacterium fortuitum [58]. Apart from men-
ingitis, there have been reports of abscesses, both 
single and multiple, caused by atypical mycobac-
teria, most notably, MAC and M. fortuitum [59, 
60]. Table 4.2 lists the atypical mycobacteria that 
cause CNS infections [61, 62]. On histopathol-
ogy, low-grade inflammation, perivascular 
lesions, ill-formed granulomas without giant 
cells, and the presence of AFB are the character-
istic features of CNS involvement [58].

The importance of identifying NTM species 
in cases of meningitis/abscess lies in the fact that 
these agents are nonresponsive to the first-line 
drugs used to treat TBM. The choice of antibiot-
ics and duration of treatment are based on the 
species identified. An apt clinical scenario and a 
high degree of suspicion are required to diagnose 
CNS infection with atypical mycobacteria.
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4.4	 �Histopathologic Differential 
Diagnoses of CNS 
Tuberculosis

4.4.1	 �Acute Inflammatory 
Pathology

TBM may have an acute presentation. This is 
relatively frequent in HIV-positive patients with 
TBM.  The CSF may show a neutrophilic 
predominance. The exclusion of bacterial pyo-
genic meningitis is of utmost importance in such 
cases. Examination of CSF sediment for the pres-
ence of acid-fast TB bacilli and other bacteria is 
essential. The use of CSF culture and molecular 
methods like PCR for identifying specific bacte-
rial or TB antigens is noteworthy [63].

4.4.2	 �Chronic Inflammatory 
Pathology

A variety of lesions may mimic TBM or tubercu-
lomas, both clinically and on radiologic assess-
ment. Such lesions may range from infections 
with neurotropic fungi and viruses to partially 
treated pyogenic meningitis, sarcoidosis, and 
involvement of meninges with metastatic tumor 
deposits. CSF may also show a lymphocytic 
pleocytosis in most of these. The differential 
diagnosis is aided by molecular tests for spe-
cific antigens in CSF and serum. In cases where 
a noninvasive battery of tests does not lead to 
a conclusive diagnosis, a biopsy of the lesion 
becomes necessary. Many chronic lesions, espe-

cially fungal meningitis, produce granulomatous 
lesions in the brain. Utility of special cytochemi-
cal stains, including those for tubercle bacilli 
(Ziehl-Neelsen), fungi (periodic acid-Schiff, 
Gomori’s methenamine silver, India ink stain-
ing), and other bacteria (Grams), cannot be over-
emphasized [64]. The time taken for culture of 
CSF or biopsied tissue limits its utility as a diag-
nostic modality. Important differentials to be 
considered in the workup of a patient with TB of 
CNS are listed in Table 4.3 [17, 22, 63, 65–67]. 
Neurosarcoidosis deserves a special mention in 
being a great mimicker of TB both clinically 
and on biopsy. Sarcoid granulomas show subtle 
differences from TB ones. The presence of case-
ation necrosis and a lymphocytic cuff around 
the epithelioid cells favors a TB granuloma. 
Schaumann and asteroid bodies may accompany 
sarcoid granulomas but are nonspecific and can 
be seen in TB lesions too [67]. In lesions where 
a definitive diagnosis cannot be made, empiric 
antimicrobial therapy may be instituted depend-
ing on the clinical scenario [68].

4.5	 �Diagnostic Tests

Biopsies of parenchymal brain lesions are rarely 
necessary to make a diagnosis of TB of CNS. The 
diagnosis is usually made with the help of radio-
logical findings in adjunct with evidence of TB at 
other sites, usually the lung [30]. Evaluation of 
the CSF is an invaluable aid in the diagnosis of 
TB of CNS. Various tests can be done on CSF 
samples in cases of TB of CNS. An overview of 
the tests is provided here. These will be detailed 
in Sect. V of the book.

4.5.1	 �Cerebrospinal Fluid 
Aspiration

Cytology and Chemistry  The CSF obtained in 
TBM is usually at an elevated opening pres-
sure. A cobweb coagulum may be present. CSF 
protein is elevated and usually ranges between 
100 and 500 mg/dl. Grossly raised protein lev-
els associated with xanthochromia may be seen 

Table 4.2  Atypical Mycobacteria causing CNS 
infections

Mycobacterium abscessus

Mycobacterium avium complex
Mycobacterium celatum

Mycobacterium fortuitum

Mycobacterium gordonae

Mycobacterium haemophilum

Mycobacterium kansasii

Mycobacterium mucogenicum

Mycobacterium scrofulaceum
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in cases with subarachnoid block. Glucose 
levels are low and generally less than 45  mg/
dl [69]. A centrifuged sediment shows an ele-
vated cell count with a majority of lymphocytes 
(Fig. 4.16). Adenosine deaminase (ADA) is a 
marker of T cell-mediated immune response, 
and ADA levels are elevated in TBM in com-
parison to aseptic meningitis. But the utility of 
ADA as a test diagnostic for TBM is limited by 
its low specificity [70, 71]

Microbiology  Demonstration of AFB in CSF 
gives definitive evidence of TBM.  However, 

results of a Ziehl-Neelsen stain on a centrifuged 
CSF deposit are not very encouraging, and positiv-
ity rates as low as 10% have been reported (Fig. 
4.17). The probability of detecting bacilli in the 
CSF increases with examination of repeat sam-
ples, of large CSF volumes, or in ventricular CSF 
samples [18]. The use of fluorescent stains like 
auramine-rhodamine has also been reported to be 
of help [72]. Culture of CSF is time consuming 
and may take 4–8 weeks to reveal a growth [63]. 
Conventional Lowenstein-Jensen culture positiv-
ity for TB bacilli has been reported to range 
between 25 and 70% [73]. Rapid techniques for 

Table 4.3  Differential diagnoses of CNS tuberculosis

Cause Gross Microscopy Diagnostic tests

Fungal
 � Cryptococcosis Basal meningitis, 

midbrain and basal 
ganglia lesions

Chronic inflammation, 
granulomas, foreign-body giant 
cells, encapsulated budding 
yeast

CSF cryptococcal capsular 
polysaccharide antigen 
(CRAg), India ink 
preparation

 � Aspergillosis Basal meningitis, 
vascular infarcts and 
necrosis, fungal abscess

Granulomas, uniform septate 
hyphae, branching at 45° 
angles

Galactomannan ELISA and 
PCR for fungal components 
in CSF/serum, CSF culture

 � Histoplasmosis Basal meningitis,  
lesions at gray-white 
matter interface, 
vasculitis

Necrotizing granulomas, 
intracellular yeast in 
macrophages

Specific CSF polysaccharide 
antigen, fungal culture, urine 
histoplasma antigen

 � Coccidioidomycosis Basal meningitis, 
abscess, infarction

Necrotizing granulomas, 
dimorphic fungus with 
branched septate hyphae and 
endosporulating spherules

CSF complement fixation 
test, fungal culture

 � Blastomycosis Meningitis, subdural and 
parenchymal abscesses

Granulomas, dimorphic fungus 
with broad-based budding

CSF fungal culture, serology 
not helpful

Viral Panencephalitis, with or 
without meningitis

Hemorrhagic encephalitis, 
microglial nodules, 
intracellular inclusions

Molecular tests for viral 
DNA in CSF or serum; 
plasma, CSF bromide 
partition test

Partially treated 
bacterial meningitis

Exudate over cerebral 
surface, basal surface 
spared, cortical venous 
thrombosis

Mixed inflammatory infiltrate, 
subpial gliosis

Latex agglutination test, 
counter 
immunoelectrophoresis, 
PCR for specific bacterial 
antigens

Neurosarcoidosis Single or multiple mass 
lesions in parenchyma

Noncaseating granulomas, 
absence of lymphocytic cuffing 
of granulomas, Schaumann and 
asteroid bodies

Angiotensin-converting 
enzyme (ACE) in CSF and 
serum (nonspecific)

Neoplastic meningitis Superficial parenchymal 
and intradural metastatic 
nodules, thickened 
meninges

Atypical lymphoma or 
carcinoma cells in meningeal 
biopsy

Examination of centrifuged 
CSF sediment for malignant 
cells, biochemical tumor 
markers in CSF 
(nonspecific), tumor-specific 
sequences on CSF PCR
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culture including the radiometric BACTEC 
method take 7–10  days for diagnosis [74]. CSF 
samples from cases of tuberculomas or TB abscess 
usually do not show a specific change. The defini-
tive diagnosis in these cases can be made using 
histopathologic or culture demonstration of bacilli 
on biopsy tissue [75].

Immunopathology  Tests detecting specific TB 
antigens or antibodies include Hemagglutination, 
Enzyme-linked immunosorbent assay, Immuno
fluorescence assay, Radioimmunoassay, and 
Western blotting. These give rapid results, but the 
outcome is dependent on proper standardization 
and type of probe used in the assay [75, 76].

Fig. 4.16  Lymphocytic 
pleocytosis in a centri-
fuged cerebrospinal fluid 
(CSF) sediment (hema-
toxylin and eosin, ×200)

Fig. 4.17  Centrifuged 
CSF showing a tubercle 
bacillus (arrow) 
(Ziehl-Neelsen, ×1000)”
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Nuclei Acid Amplification  The polymerase chain 
reaction (PCR) amplifies and detects a specific 
sequence of the DNA of TB bacilli. Though 
promising, a meta-analysis has shown limited 
sensitivity (56%) and specificity (98%) for these 
tests [77]. Conventional bacteriologic detection 
may be better than nucleic acid amplification 
(NAA) assays in initial disease detection; how-
ever, the NAA may be more helpful in detecting 
disease in patients already under treatment. It 
should nevertheless be borne in mind that nega-
tive results on bacteriology and PCR do not 
exclude the diagnosis of TBM [68].

4.5.2	 �Biopsy

Histopathological confirmation on biopsy tissue 
sample is the gold standard for the diagnosis of 
CNS TB. Stereotactic, meningeal, or open biopsy 
approach is used depending on the accessibility 
of the lesion. Noninvasive diagnostic modalities 
are the preferred diagnostic approaches. However, 
biopsy becomes necessary in certain cases. 
Indications for performing a biopsy in suspected 
TB of CNS are detailed in Table 4.4.

4.5.3	 �Fine Needle Aspirates

Ancillary diagnosis of TB of CNS can be made 
using material aspirated from a paraspinal abscess, 
an enlarged peripheral lymph node, or a mass in 
the lung. The aspirated material is usually thick 
and creamy white. It is spread onto glass slides, 

stained appropriately, and examined. The proce-
dure is relatively noninvasive and painless, and 
results can be obtained promptly since unlike 
biopsy tissue, tissue processing is not required.

�Conclusion

TB of CNS is the most dreaded expression of 
extrapulmonary TB.  Host-pathogen interac-
tions determine to a large extent the patho-
logic expression in the CNS. The diagnostic 
armamentarium for neuro-TB includes an in-
depth assessment of clinical manifestations, 
radiologic images, serology, CSF findings, 
and tissue morphology. It is imperative to 
remember the pathologic manifestations of 
TB of CNS in order to correctly interpret the 
diagnostic test results and judiciously treat 
the patient.
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Abbreviations

AFB	 Acid-fast bacilli
CNS	 Central nervous system
CRP	 C-reactive protein
CT	 Computed tomography
DNA	 Deoxyribonucleic acid
ESR	 Erythrocyte sedimentation rate
FNAC	 Fine needle aspiration cytology
HIV	 Human immunodeficiency virus
IICP	 Increased intracranial pressure
MRI	 Magnetic resonance imaging
PCR	 Polymerase chain reaction
RIF	 Rifampicin
TB	 Tuberculosis
TBM	 Tubercular meningitis

5.1	 �Introduction

Tuberculosis (TB) is a disease of antiquity [1]. 
Mention of this disease has been found as far back 
as the Rig Veda, and evidence of the disease has 
been found in Egyptian mummies dating to 
3000 BC [2]. Though it can affect any organ system 
of the body, central nervous system (CNS) TB is a 
particularly dangerous form with high mortality and 
morbidity [2]. Though the commonly encountered 
variants of CNS TB are tubercular meningitis 
(TBM), intracranial tuberculomas or abscesses, and 
spinal TB, occasionally patients may present with 
TB affliction of the scalp and skull bones as well.
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5.2	 �Scalp Tuberculosis

Cutaneous affliction by TB can be of three 
types – lupus vulgaris, TB verrucosa cutis, and 
scrofuloderma. However, the scalp is an uncom-
mon site of occurrence of all three. Lupus is the 
Latin word for wolf and is a generic name for 
diseases causing erosive, erythematous ulcer-
ation of the face ravaging it like the bites of a 
wolf [3]. The suffix vulgaris was used to denote 
its common occurrence. It was first described 
by Erasmus Wilson in 1865 [4]. Manifesting as 
reddish brown papules that later coalesce into 
elevated plaques, it is caused by hematogenous 
dissemination of TB bacilli from a primary site 
of infection [3]. It usually occurs in the face. It 
has an indolent course and rarely may progress to 
squamous cell carcinoma. “Apple-jelly” appear-
ance of the papules is found on diascopy [3]. It 
is diagnosed by the clinical features and skin 
biopsy. It responds well to anti-TB drugs.

TB verrucosa cutis (also called warty TB or 
prosector’s wart) is a paucibacillary TB infec-
tion of the superficial layers of the skin in an 
individual who has a high degree of immunity 
[3–5]. It was first described by Laennec in 1826, 
based on his own disease that he contracted in 
the autopsy room [4]. As it was thought to be 
contracted from corpses, it was termed verruca 
necrogenica by Wilks and Poland in 1862 [4]. It 
commonly occurs at the distal extremities, dorsal 
aspects of joints, and buttocks after trivial pen-
etrating injury [3, 6]. These warts tend to enlarge 
centrifugally with central healing. Ulceration is 
not a prominent feature. Diagnosis is made by 
positive tuberculin skin test and histology. They 
regress with anti-TB drugs.

The last variant, scrofuloderma, is the com-
monest type of cutaneous TB.  It usually occurs 
following secondary involvement of the skin 
following liquefactive necrosis of the afflicted 
lymph nodes lying underneath [3]. The neck 
is the commonest site of involvement. Painless 
fistula formation with pus discharge is the main 
clinical feature – a finding in most cases of cal-
varial TB too. Diagnosis is made on clinical 
grounds as well as by detection of the organism 

on staining, culture, or polymerase chain reaction 
(PCR) testing. Under treatment the fistula heals 
with scarring [3].

5.3	 �Calvarial Tuberculosis

5.3.1	 �Introduction

Calvarial TB is a rare disease [7–9], infre-
quently encountered, and not always consid-
ered as a first differential diagnosis. It was first 
reported by Reid in 1842 from Germany [9, 
10]. Though recent years have seen a spurt of 
publications on calvarial TB, these tend to be 
in the nature of single case reports rather than 
large series.

5.3.2	 �Epidemiology

The majority of cases of calvarial TB are 
reported from developing countries where sys-
temic TB is endemic [7–22]. While 1% of cases 
of TB occur in the bone [23], calvarial involve-
ment accounts for only 0.2–1.3% of these [7, 
23], i.e., approximately 1  in 10,000 cases of 
TB. Literature states that the frontal and pari-
etal bones having greater amount of diploic 
space (and hence receiving more blood flow) 
are more commonly affected than bones like 
occipital or temporal which are less vascular-
ized [7, 8, 23]. Conversely, it has also been 
stated that muscular attachments to the tempo-
ral and occipital bones render them vascular 
with higher flow rates where a TB nidus cannot 
gain a foothold unlike the frontal and parietal 
bones which have a slow flowing diploic emis-
sary circulation that allows deposition of myco-
bacteria and growth of the TB focus [12].

The disease is rare in infants [23], as the skull 
is poor in cancellous bone [10]. Despite this, it 
has been described in children [24] – the young-
est described being only 10 months old [19]. This 
condition is predominantly encountered in 
younger individuals, and 75–90% cases have 
been reported to occur in patients less than 
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20 years and 50% in children less than 10 years 
old [23]. It affects both sexes equally though cer-
tain series show a predilection toward females or 
males [13–15].

5.3.3	 �Pathogenesis

The disease follows hematogenous seeding of TB 
bacilli in the marrow spaces [7, 8, 13]. It can 
occur rarely by lymphatic or contiguous local 
spread from the face, paranasal sinuses, orbit, or 
cervical lymph nodes [10, 13]. Infrequency of 
calvarial TB is due to paucity of cancellous com-
ponent in the flat bones of the skull and also due 
to lack of lymphatics in them [7, 12]. Mukherjee 
et  al. have used the term primary calvarial TB 
when there is no evidence of TB detected any-
where else in the body [12].

In the setting of depressed host immunity, 
deposition of the bacilli in the diploic spaces of 
the skull is followed by proliferation of bacte-
ria, capillary obliteration, replacement of the 
bone by granulation tissue and finally abscess 
formation with destruction of the cortex. 
Destruction of the outer table occurs and subga-
leal collection of pus and granulation tissue 
results in a boggy swelling without increased 
temperature, tenderness, induration, or sys-
temic symptoms like fever. On occasion this 
may erode through the scalp and present as a 
non-healing sinus. The inner table is relatively 
resistant but when eroded results in the devel-
opment of an epidural collection [9]. The dura 
is usually a resistant barrier to further intracra-
nial spread [8, 22]. However, sutures do not 
prevent spread of the disease [8, 23]. It is 
unclear if any of the tables is more likely to get 
eroded than the other. While Strauss held that 
the inner table was more likely to be initially 
involved [25], others [9, 13] believe that the 
outer table is more likely to be destroyed first, 
and still others [26] found both tables to be 
equally affected. In the series of Raut et  al. 
[18], 85% of patients had bony destruction, and 
epidural collections were seen in 52%.

5.3.4	 �Role of Trauma and Immune 
Suppression

Several case reports of calvarial TB report a past 
history of trauma [17] to the involved bone. It has 
been speculated that these areas have focal immu-
nosuppression with increased vascularity that 
predisposes to the genesis of TB here at a later 
date [12, 13]. Inflammatory cells that are attracted 
to the site of trauma are also held to act as vectors 
aiding transmission [15]. Several authorities, 
however, hold that trauma is probably coinciden-
tal rather than causal [26, 27]. Immune-
suppressed states like human immunodeficiency 
virus (HIV) infection are also implicated in its 
causation [13, 20] as extrapulmonary TB has a 
higher incidence in such patients (70% in HIV-
infected versus 15% in noninfected patients).

5.3.5	 �Presentation

The common presenting complaints are painless, 
boggy swelling of the scalp and which may occa-
sionally spontaneously erode the skin (Fig. 5.1) 
and form a discharging sinus [13, 17, 19, 28]. The 
underlying bone may or may not be visible. 
Inflammatory signs are markedly absent even in 
the presence of pus. Skin discoloration (Fig. 5.2) 
is a late feature [13]. Unlike Pott’s puffy tumor, it 
may have a firmly attached base, and deficient 
outer table of the skull may be palpable. Rarely, 
headache may be present and is usually localized 
to the site of infection [13]. Concomitant intra-
cranial pathologies (like epidural or cerebral 
abscess, tuberculoma, or meningitis) may occur 
due to which occasional patients have been 
reported with drowsiness, seizures, hemiparesis, 
and even increased intracranial pressure (IICP) 
[13, 15, 21, 29]. There is a case report of occlu-
sion of sigmoid sinus following TBC mastoiditis 
with IICP and formation of an encephalocele 
[30] as well as one of occlusion of the superior 
sagittal sinus [17]. Systemic manifestations like 
weight loss, evening rise of temperature, decreas-
ing appetite, etc. are rare.
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5.3.6	 �Investigations

Raised erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP) values and also 
positive Mantoux test may give a clue for diag-
nosis of skull TB.  Mantoux test may not be 
positive in 10% of calvarial TB patients [23] 
and is of doubtful value when positive in coun-

tries having a vaccination program with attenu-
ated TB bacilli. Likewise, ESR and CRP levels 
are not always raised and also are not specific 
for TB. Routine culture of the discharge is not 
regularly reported in literature and is probably 
not useful to clinch the diagnosis. Some series 
have reported sterile or polymicrobial cultures 
[12], and on occasion, it may even mislead the 

a b

Fig. 5.1  (a) Plain radiograph showing erosion of the right 
frontal bone in a 34-year-old male that had been twice 
unsuccessfully operated and treated with broad-spectrum 

antibiotics assuming swelling was due to an infected seba-
ceous cyst and (b) a discharging sinus showing skin 
changes overlying sequestered bone

a b

Fig. 5.2  (a) Preoperative clinical photograph showing a 
spontaneously ruptured draining sinus in a 26-year-old 
lady with skin changes and (b) intraoperative photograph 

showing granulation tissue pouting out of the eroded pari-
etal bone in a 26-year-old lady
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clinician into assuming the case to be one of 
pyogenic osteomyelitis [12].

Plain radiographs of skull are helpful in finding 
the bony changes which commonly manifest as 
punched-out lesions [23]. Computed tomography 
(CT) scans are useful in identifying the extent of 
damage to the skull bone, involvement and breach 
of dura, size of the swelling and associated intra-
cranial pathologies [18]. Skull defects are usu-
ally single, but on occasion multiple punched-out 
lesions have been described [16, 29].

Radiologically, three variants are described – 
circumscribed sclerotic, lytic, and spreading 
[18]. The lytic variant (Fig. 5.3), also called “per-
forating TB of the skull” by Volkmann [13, 18], is 
the most common. In these areas of rarefaction 
are seen initially that later developing into 
punched-out defects. There is no periosteal reac-
tion. Rarely these may have a central sequestrum 
(“button sequestrum” or “bone sand”) within 

[12]. The second variant is a defect having a mar-
gin of sclerotic bone. Its presence may indicate 
secondary infection [12] or may represent evi-
dence of healing and is caused by new bone for-
mation on the edges. The third variant is the 
“spreading type” where there is widespread 
destruction of the diploic spaces with abundant 
granulation tissue. This was called “diffuse TB of 
the cranium” by Konig [18]. This classification 
has been disputed by some authors who feel that 
the types are not separable [12]. It must be 
remembered that the radiological picture is non-
specific [18], and usual differential diagnoses 
include skull metastasis, myeloma, hemangioma, 
aneurysmal bone cyst, pyogenic osteomyelitis, 
and Langerhans cell histiocytosis [12, 13].

Finally, magnetic resonance imaging (MRI) is 
a sensitive tool in bringing out any associated 
intracranial pathology (changes in meninges, 
ventricular walls, or parenchymal foci of infec-

a

c d

b

Fig. 5.3  (a) 3D reconstructed CT scan showing a 
punched-out lesion involving both tables of the skull in a 
40-year-old lady (lytic tuberculosis) almost near the mid-
line, (b, c) coronal and axial CT images with contrast 

showing skull defect, and an epidural collection and (d) 
intraoperative picture showing a punched-out lesion with 
serous fluid mixed with pus coming out of it. The sur-
rounding bone margins are hyperemic
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tion) [18], epidural abscess, or venous sinus 
involvement (Fig. 5.4). The extent of bone 
involvement beyond the margins of the punched-
out lesion can also be appreciated as bone edema 
on MRI sequences and may help to determine the 
extent of craniotomy.

The gold standard for diagnosis is the demon-
stration of acid-fast bacilli (AFB) on microscopy 
and growth on culture, but this may not be always 
possible [7, 8]. The presence of characteristic 
granuloma (epitheloid cells, plasma cells, and 
Langhans-type giant cells with central caseous 

a

c

b

d

Fig. 5.4  (a) T2 axial imaging showing an hyperintense 
collection below the bone pushing dura inward, (b, c) T1 
axial and sagittal imaging showing isointense collection 
showing perforation of the skull but there is as yet no 

scalp collection and (d) coronal contrast imaging showing 
that there is enhancing soft tissue representing granulation 
tissue. There is as yet no intradural involvement
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necrosis) on histology with response to empirical 
anti-TB drugs is then considered to be proof that 
the infection is TB [8, 11]. Usually, this tissue 
is obtained by craniotomy of the involved bone 
or by curettage and debridement. Some authors 
have advocated fine needle aspiration cytology 
(FNAC) to obtain tissue as a means of avoiding 
surgery [7, 12]. They have, however, cautioned 
that FNAC may not yield the correct diagnosis in 
the presence of secondary infection [12]. In situ-
ations with low bacillary load where detection on 
conventional staining and culture are difficult, 
automated nested PCR test using a platform for 
rapid nucleic acid amplification is a valid inves-
tigation to detect both mycobacterial DNA and 
rifampicin (RIF) resistance and can clinch the 
diagnosis [11].

5.3.7	 �Treatment

The mainstay of treatment is anti-TB drugs [22]. 
This consists of an intensive phase of therapy 
with four drugs – RIF, isoniazid, ethambutol, and 
pyrazinamide  – and a continuation phase with 
two drugs. While the World Health Organization 
recommendation is to give the former for 
2  months and the latter for 4  months in most 
cases of extrapulmonary TB, they have suggested 
continuing the latter for longer periods in special 
situations like CNS TB. Our institute protocol is 
to give the same for 18 months in calvarial TB – a 
practice followed by other centers as well [9, 14, 
15, 28]. Some authorities have advocated giving 
anti-TB drugs for up to 24 months as well [18]. 
Steroids are not indicated unless there is evidence 
of concomitant meningitis as well. Likewise, 
anticonvulsants are also not required unless there 
is a history of seizures [18].

Surgery is indicated when diagnosis is uncer-
tain [23], there is presence of epidural abscess, 
there are lesions with mass effect and to remove 
sequestrated bone [10, 28]. Craniotomy may be 
done to ensure removal of the diseased bone 
beyond the boundaries of the defect, but it is 
unclear what margins would be considered 
acceptable. We would think that freshening mar-
gins with a nibbler till there is bleeding from the 

raw edges to be acceptable. The fibrosed walls 
and mouth of any sinus can be dealt with at the 
same sitting [13]. Tension of the suture line is to 
be avoided to prevent necrosis of skin margins. 
The question of cranioplasty to repair the crani-
ectomy defect has not been discussed in pub-
lished literature [12] – particularly with respect 
to timing. Some authors advocate waiting for 
microbiological cure before cranioplasty [28]. 
As it is often unclear if the lesion is TB or pyo-
genic at the time of surgery, we too would advo-
cate interval cranioplasty rather than primary 
repair.

�Conclusion

The calvarium and scalp are uncommon loca-
tions of TB.  These patients present with an 
indolent history and protean features. The clini-
cian must bear this possibility in the back of his 
mind so that time is not wasted on futile thera-
pies and further CNS involvement is arrested. 
Calvarial TB is a kind of CNS TB, and extended 
duration of anti-TB drugs is mandated.
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6.1	 �Introduction

Tuberculosis (TB) remains as a major public 
health issue along the world, in particular, in 
the underdeveloped and some developing coun-
tries. It causes over 1.7 million deaths mondial in 
2007 with a 5–24% reported global case fatality 
[1]. Risk factors including human immunodefi-
ciency virus coinfection, anti-TB drug resistance, 
advanced age with different comorbidities [1] and 
factors leading to immunodeficiency such as solid 
organ transplantation [2] increase the incidence 
and mortality/morbidity of TB along the world.

Extrapulmonary TB constitutes approxi-
mately 25% of all TB lesions [3]. TB of the cen-
tral nervous system (CNS) occurs in 5–10% of 
extrapulmonary TB cases and accounts for almost 
1% of all patients with TB [4]. Although it is rare, 
TB of CNS is the most hazardous form of the dis-
ease with associated mortality and morbidity 
such as serious neurological sequelae [5].
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Dura mater and epidural space TB contains 
epidural tuberculoma, empyema and hypertro-
phic pachymeningeal TB [6, 7]. Isolated dural-
epidural TB is exceptionally rare [8]. Our 
knowledge on this subject generally depends on 
the previous single or small group case reports 
[9]. Hypertrophic pachymeningitis is an unusual 
chronic fibrosing inflammatory disorder charac-
terised by thickening of dura mater, leptomenin-
ges and tentorium with various aetiologies 
including TB [10]. Pachymeningeal TB has dif-
fuse or focal forms, and focal en plaque thicken-
ing of the dura is the most encountered form [11].

6.2	 �Pathogenesis

Dura mater has a good blood supply [9] and also 
could act as a barrier for invasion with its tena-
cious connective tissue composition [12]. Some 
different mechanisms including contiguous and 
haematogenous spreading have been proposed to 
explain the partially unclear pathogenesis of iso-
lated dural-epidural TB. Local severe inflamma-
tion at the skull and related structures such as 
temporalis muscle [12], paranasal sinuses and 
orbits [3] could lead to contiguous spreading and 
secondary dural invasion. Haematogenous dis-
semination of the TB to the leptomeninges and 
brain tissue was suspected for the development of 
pachymeningeal form. Haematogenous bacilli 
seeding could lead to tubercle formation which 
can enlarge and coalesce. These tubercles can 
stay limited to the meninges and form fibrous 
aggregates that are adherent to the dura, or they 
rupture into the subarachnoid space and form 
subependymal or subpial granuloma, which is 
usually referred as the ‘Rich focus’. The sur-
rounding cerebral tissue around the tuberculoma 
creates a dense fibrous capsule which may expand 
substantially prior to become symptomatic [13].

6.3	 �Diagnosis

A high index of doubt is critical for early diagno-
sis and avoidance from associated significant 
morbidity and mortality. Previous medical his-

tory of the patient or the patient’s close relatives 
should take into consideration. Extra-neural TB 
coexistence is reported within 50% of neuro-TB 
patients which may facilitate the diagnosis as a 
clue [14, 15]. Frequently, the absence of fever or 
other systemic symptoms and lack of a distinc-
tive imaging appearance make the preoperative 
diagnosis difficult.

With the presence of tuberculous meningitis 
(TBM), cerebrospinal fluid (CSF) examination 
becomes important, and the typical CSF shows 
elevated protein, low glucose and elevated white 
blood cell with lymphocytic pleocytosis. High 
CSF adenosine deaminase levels and determina-
tion of acid-fast bacilli in CSF smears may be 
initial indicators; nevertheless, a certain diag-
nosis could only be designated after positive 
Mycobacterium tuberculosis culture. Nowadays, 
CSF polymerase chain reaction testing prom-
ises high sensitiveness for TB, but false-positive 
results remain as a major concern in cases of TBM 
[5]. In most cases, the need for stereotaxic, open 
or needle biopsy persists after suspicious findings.

6.4	 �Imaging

Magnetic resonance imaging (MRI) with gado-
linium is the most favourite imaging modality 
and considered to be superior to computed 
tomography (CT) in the detection and evaluation 
of all forms of CNS TB [14]. Concomitant cra-
niospinal multifocal [16] involvement can be 
seen; thus, neuroimaging should include all neu-
roaxis [14, 15, 17].

In general, epidural tuberculoma and empy-
ema have a hypointense core on T1-weighted 
MRI with a peripherical hyperintensity (Fig. 6.1). 
On T2-weighted MRI, both the core and peripher-
ical zone show hyperintensity, but the core has a 
more pronounced hyperintense signal (Fig. 6.2) 
[6]. In the case of epidural empyema, the dis-
placed and edged dura mater seems as a hypoin-
tense rim on T2-weighted MRI that gives a clue 
about the epidural location of the lesion (Fig. 6.2) 
[19]. Concomitant osteomyelitis is a common 
feature of isolated epidural form which often 
involves the sphenoid bone (Fig. 6.3) [21].
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Specific imaging features of leptomeningeal 
TB involvement are lacking, and a number of dis-
orders including leptomeningeal carcinomatosis, 

intracranial fibromatosis, lymphoma, meningi-
oma, sarcoidosis and syphilis even with idio-
pathic factors need to be considered in the 
differential diagnosis list (Fig. 6.4) [14].

Focal lesions of pachymeningeal TB can be 
seen as en plaque, homogenous, uniformly 
enhanced, dural-based masses which mimic 
meningiomas [8, 23]. Hyperdense, thickened and 
enhanced dura mater can be seen in diffuse 
lesions on axial CT scans. Affected dura mater 
looks isointense on T1-weighted MRI and iso-
hypointense on T2-weighted MRI with diffuse 
contrast enhancement (Fig. 6.4) [14].

6.5	 �Management

Medical anti-TB treatment is the mainstay of the 
management. The lesions which cause significant 
compression on neural tissue or the lesions which 
have calvarial or subgaleal involvement may 
require surgical drainage and debridement either 
with craniotomy or craniectomy. The relapsing 
rate is high after treatment, and the radiological 
evanescence of the lesions takes a long time; 
thus, imminent follow-up with proper neuroim-
aging is crucial, particularly in immunocompro-
mised cases [24].

Fig. 6.1  Tl-weighted gadolinium-enhanced MRI show-
ing an enhanced en plaque dural tuberculoma at the pari-
etal region with adjacent hypointense brain (From Tseng 
et al. [9] with permission)

Fig. 6.2  T2-weighted axial MRI section demonstrates an 
epidural TB abscess in the right occipital region with skull 
and subcutaneous involvement (From O’Brien et al. [18] 
with permission)

Fig. 6.3  T1-weighted gadolinium-enhanced coronal MRI 
image showing right parietal epidural tuberculoma with 
diffuse enhancement. Also note the associated lytic skull 
lesion (From Sencer et al. [20] with permission)

6  Dura Mater and Epidural Space



68

6.6	 �Follow-Up

Patients with dural-epidural TB should follow up 
closely due to high relapsing rate of the disease. 
When the signs of elevated intracranial pressure 
occur or new neurological appears, these patients 
should undergo new neuroimaging tests. The 
degree of contrast enhancement on CT or MRI 
may reflect the activity of a tuberculoma during 
follow-up [14]. Infrequently discharged tubercu-
loprotein from the destructed bacilli creates an 
inflammatory reaction and swelling at the infec-
tious focus which causes fresh developing or 
expanded tuberculomas despite appropriate treat-
ment. Calcifications and regional atrophy can be 
seen at long-term period although a great deal of 
lesions don’t leave any radiological sign after 
successful treatment [14, 21].

�Conclusion

•	 Dura mater and epidural TB are a very rare 
but severe infection.

•	 A high index of doubt is critical for early 
diagnosis and avoidance from associated 
significant morbidity and mortality.

•	 Patients with dural-epidural TB should 
follow up closely.

•	 When the signs of raised intracranial pres-
sure or new neurological findings deter-
mined, these patients should undergo 
urgent radiological evaluation to exclude 

the possibility of newly developed or 
enlarged tuberculomas at eloquent areas.

•	 Dural-epidural TB must be remembered in 
the differential diagnosis of cranial epi-
dural lesions, particularly in endemic 
countries.

•	 Unfortunately the relapsing rate of the dis-
ease is high despite successful medication.
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7.1	 �Introduction

Tuberculosis (TB) is among the oldest and most 
disturbing infectious diseases worldwide. 
Approximately one-third of the world’s popula-
tion has active or latent disease, resulting in 1.5 

S. Duishanbai, MD, PhD (*) • M. Sami, MD •  
G. Dangmurenjiafu, MD, PhD 
Neurosurgery Center, Xinjiang Neurosurgical 
Research Institute, First Affiliated Hospital of 
Xinjiang Medical University,  
No137 Liyushan South Road, Xinshi District, 
Urumqi, Xinjiang, China
e-mail: serickd@yahoo.com;  
mohammad.sami37@yahoo.com; serickd@sina.com 

M. Turgut, MD, PhD 
Department of Neurosurgery, Adnan Menderes 
University School of Medicine, Aydın, Turkey
e-mail: drmturgut@yahoo.com

7

mailto:serickd@yahoo.com
mailto:mohammad.sami37@yahoo.com
mailto:mohammad.sami37@yahoo.com
mailto:serickd@sina.com
mailto:drmturgut@yahoo.com


72

million deaths annually. Central nervous system 
(CNS) involvement, while rare, is the most severe 
form of TB. Manifestations include tuberculoma 
and tuberculous meningitis (TBM), with the 
majority of cases occurring in children and 
immunocompromised patients. Despite advances 
in imaging and laboratory diagnostics, tuberculo-
mas of the CNS remain a diagnostic challenge 
because of their insidious nature and nonspecific 
findings. Subdural intracranial TB is a subtype of 
intracranial TB; its clinical characteristics, diag-
nosis, and treatment are very important for under-
standing the disease process and improving 
patients’ outcomes.

7.2	 �Brief Anatomy 
of the Intradural Space 
of the Brain and Its 
Coverings

There are three layers of meninges around the 
brain and spinal cord. The outer layer, the dura 
mater, consists of tough, fibrous, white connec-
tive tissue. The middle layer is the arachnoid, a 
thin layer that looks like a cobweb, with numer-
ous threadlike strands attaching it to the inner-
most layer. The space under the arachnoid, the 
subarachnoid space, is filled with cerebrospinal 
fluid (CSF) and contains blood vessels. The 
innermost layer of the meninges is the pia mater. 
This thin, delicate membrane is tightly bound to 
the surface of the brain and spinal cord and can-
not be dissected away without damaging the 
brain surface (Fig. 7.1).

7.3	 �Tuberculosis of the Subdural 
Space of the Brain and Its 
Coverings

7.3.1	 �Tuberculous Meningitis

Meningitis (from Greek “membrane” and the suf-
fix “-itis, “inflammation”) is an acute inflammation 
of the meninges, the protective membranes that 
cover the brain and spinal cord [1]. The inflamma-
tion may be caused by infection with viruses, bac-
teria, or other microorganisms, and less commonly 
it may be caused by certain drugs [2–4]. 
Tuberculous meningitis (TBM) can be life-threat-
ening because of the proximity of the inflammation 
to the brain and spinal cord; thus, the condition is 
classified as a medical emergency [4, 5].

Headache and fever are the most common fea-
tures of TBM; confusion and coma appear later 
and indicate a poor prognosis. However, signs 
and symptoms are absent in one-fifth of patients 
with TBM. Patients may also show neck stiffness 
and focal neurological deficits. In adults, the 
most common symptom of TBM is a severe 
headache, which occurs in around 90% of patients 
with bacterial meningitis, followed in frequency 
by nuchal rigidity (inability to flex the neck for-
ward passively due to increased neck muscle tone 
and neck stiffness). The distinctive triplet of 
diagnostic signs consists of nuchal rigidity, rapid 
high fever, and altered mental status, although all 
three features are present in only 44–46% of 
patients with bacterial meningitis [3, 6–8]. Other 
signs usually linked with meningitis are photo-
phobia (intolerance of bright light) and phono-
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Fig. 7.1  The illustration shows a diagram of the anatomy of the intradural space of the brain and its coverings
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phobia (intolerance of loud noises). Small 
children often do not exhibit the aforementioned 
signs and symptoms, and may only be irritable 
and looks abnormal. The fontanel (the soft spot 
on the top of a baby’s head) can bulge in infants 
younger than 6 months. Other features that dif-
ferentiate meningitis from less severe illnesses in 
youngsters are leg pain, cold extremities, and an 
abnormal skin color [9, 10].

7.3.2	 �Etiology

TBM caused by Mycobacterium tuberculosis 
infection is the most common form of CNS TB, 
with M. tuberculosis infection of the meninges 
being the cardinal feature, and the inflammation 
being near the base of the brain [4, 11]. When the 
inflammation is found in the brain stem subarach-
noid area, cranial nerve roots may be affected. The 
symptoms will be similar to those of space-
occupying lesions. Blood-borne spread certainly 
occurs, presumably by the organism crossing the 
blood-brain barrier (BBB); but a proportion of 
patients may contract TBM from the rupture of a 
cortical focus in the brain [4], while an even smaller 
proportion contract it from the rupture of a bony 
focus in the spine. As noted above, meningitis is 
typically caused by infection with microorganisms. 
Viral infections are the most common cause, with 
bacterial, fungal, and protozoal infections being the 
next most common causes; the condition may also 
have various noninfectious causes [3, 4].

The pathophysiology of TBM is characterized 
by the bacilli attaching to the brain parenchyma, 
causing small subpial tubercles to form. Then the 
Rich focus increases in size until the tubercles 
rupture. This rupturing in the subarachnoid area 
causes TBM.

7.3.3	 �Diagnosis

7.3.4	 �Lumbar Puncture

A lumbar puncture can be used to diagnose 
TBM. The CSF sample collected from the lum-
bar puncture can be removed from the spinal 
canal with a needle that passes through the three 
membranes that envelop the brain and spinal 
cord; the sample is examined in a medical labora-
tory [10]. TBM causes severe lasting conse-
quences, such as epilepsy, deafness, 
hydrocephalus, and cognitive deficits if it is not 
treated or if treatment is delayed.

The diagnosis of TBM is completed by analy-
sis of the CSF collected from the lumbar punc-
ture. A minimum of 1 ml of CSF should be taken 
during lumbar puncture for CSF collection (pref-
erably 5–10 ml). In TBM, usually protein in CSF 
is high, glucose is low, and the number of lym-
phocytes is elevated (see Table 7.1). Acid-fast 
bacilli are sometimes seen on a CSF smear, but 
more commonly, M. tuberculosis is grown in cul-
ture [12, 13]. A spider web clot in the collected 
CSF is characteristic of TBM, but is a rare out-
come. An enzyme-linked immunospot assay 
(ELISPOT) test is not useful for the diagnosis of 
acute TBM and the result is often a false negative 
[13], but it may, paradoxically, become positive 
after treatment has started, which aids in confirm-
ing the diagnosis.

7.3.5	 �Radiological Findings

X-Ray, computed tomography (CT), and mag-
netic resonance imaging (MRI) are usually 
useful tools for investigating TBM.  X-rays 
may show a calcified lesion in the lungs and 

Table 7.1  CSF analysis in different types of meningitis

Meningitis type Glucose Protein Cell type

Acute bacterial Low↓ High↑ PMNs; often >300/mm3

Acute viral Normal Normal or high↑ Mononuclear; <300 mm3

Tuberculous Low↓ High↑ Mononuclear and PMNs <300/mm3

Fungal Low↓ High↑ <300/mm3

Malignant Low↓ High↑ Usually: mononuclear

CSF Cerebrospinal fluid, PMNs polymorphonuclear leukocytes
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intracranial space. Non-contrast CT scans may 
be normal at the beginning of this disease, but 
later complications, such as hydrocephalus and 
cerebellar infarcts due to arteritis (especially in 
children), may be visible on follow-up images. 
On contrast CT scans, basal cisternal and lep-
tomeningeal enhancement may be seen (Fig. 
7.2). Plain MRI appears normal initially, but 
later, on contrast MRI scans, basal cisternal 
and leptomeningeal enhancement may be seen 
(Fig. 7.3).

7.3.6	 �Amplification of Nucleic Acid 
Tests

Polymerase chain reactions (PCRs) are used to 
detect mycobacterial nucleic acid. These tests 
vary in the nucleic acid sequence they detect and 
they vary in accuracy; two commercially avail-
able tests are the amplified M. tuberculosis direct 
test (AMTD; Gen-Probe) and the Amplicor 
Mycobacterium tuberculosis Test (Roche 
Molecular Diagnostics, California, USA). 
A 2007 review stated that for diagnosing TBM: 
“Individually the AMTD test appears to perform 
the best (sensitivity 74% and specificity 98%)”; 
the pooled prevalence of TBM was found to be 
only 29% [14].

7.3.7	 �CSF Findings

If there is a suspicion of meningitis in a patient, 
blood inflammatory markers should be tested 
(C-reactive protein or complete blood count), or 
blood cultures should be done [10, 12]. CSF 
examination is most important for diagnosis and 
for ruling out the disease [15]. However, lumbar 
puncture is contraindicated if there is a mass in 
the brain (tumor or abscess) or if the intracranial 
pressure (ICP) is elevated, as the procedure may 
lead to brain herniation. If someone is at risk for 

Fig. 7.2  Contrast-enhanced magnetic resonance imaging 
(MRI) shows prominent exudates in basilar regions 
(Courtesy of R. K. Garg)

Fig. 7.3  Contrast MRI scan showed leptomeningeal enhancement in the temporal and occipital area in a patient with 
tuberculous meningitis (TBM)
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either a mass or raised ICP (recent head injury, a 
known immune system problem, localizing neu-
rological signs, or evidence on investigation of a 
raised ICP), CT or MRI is recommended before 
lumbar puncture [10, 12]. It can only apply in 
45% of adult patients. If CT or MRI is required 
before lumbar puncture or if lumbar puncture is 
difficult, an antibiotic should be administered 
first to prevent postponement of treatment, and 
then CT, MRI, or lumbar puncture can be 
performed [10, 12]. Often, for assessing the com-
plications of meningitis, CT or MRI can be per-
formed later [14].

It is important to monitor blood electrolytes in 
severe forms of meningitis; instant hypothermia 
can occur with bacterial meningitis, due to a com-
bination of dehydration, the syndrome of inappro-
priate secretion of anti-diuretic hormone (SIADH), 
or aggressive intravenous fluid infusion.

7.3.8	 �Treatment

TBM is treated with rifampicin (RIF), isoniazid 
(INH), pyrazinamide (PZA), and ethambutol 
(EMB) for 2 months, followed by INH and RIF 
only for an additional 10 months. In HIV patients 
with neurological defects, steroid reduces the risk 
of death. For the first 6 weeks of treatment in these 
patients we can use steroids [16]. Some patients 
need thalidomide, an immunomodulatory agent, 
while one-third of patients with TBM will develop 
hydrocephalus. Aspirin can delay or reduce mor-
tality and complications such as infarction.

We should start treatment without an exact 
diagnosis (empirical antibiotics), even before the 
CSF results are available. Antibiotics can be 
selected based on the kind of bacteria and the 
particular geographical place of infection and 
the population. For example, empirical treatment 
in the United Kingdom consists of ceftriaxone or 
cefotaxime (third-generation cephalosporins) 
[17]. Streptococci resistant to cephalosporins 
have been progressively found in the United 
States, so vancomycin is recommended as the 
initial treatment [12, 18]. An ampicillin combi-
nation with chloramphenicol appears to work 

well, and chloramphenicol only works equally 
well [19].

Empirical treatment is chosen on the basis of 
the patient’s age, infection of the head injury, 
whether they have had recent neurosurgery, or 
whether a cerebral shunt exists [17, 28]. In 
patients who are immunocompromised, those 
aged over 50 years, or very young children the 
addition of ampicillin is recommended to cover 
Listeria monocytogenes [12, 18]. Once the diag-
nosis is conformed via gram stain we can select 
the antibiotic for the presumed group of patho-
gens [19]. It takes about 24–48 h for CSF results. 
So we start empirical therapy, and after getting 
the CSF results, we change to a specific antibiotic 
therapy targeted to the causative organism. The 
antibiotic should not only be based on the find-
ings of pathogenic bacteria but also on its capac-
ity to reach the meninges in adequate quantities. 
Some antibiotics show inadequate penetration 
and so are less effective in meningitis. Antibiotics 
used in meningitis have not been tested directly 
on meningitis patients in clinical trials. The rele-
vant knowledge of these antibiotics is obtained 
from laboratory studies on rabbits [14]. Patients 
with pulmonary TB need to be treated with anti-
biotics for 6 months, but TBM needs to be treated 
for 1 year or more [4].

Nowadays professional guidelines recom-
mend the administration of dexamethasone or a 
similar corticosteroid before the first dose of anti-
biotic is given; the recommendation is to con-
tinue the steroid for 4 days; it is most effective in 
the treatment of pneumococcal meningitis, and 
some guidelines suggest that dexamethasone be 
discontinued if another cause of meningitis is 
diagnosed—dexamethasone suppresses exces-
sive inflammation and that is why guidelines sug-
gest its use at the beginning of treatment [13].

Further treatments of corticosteroids is differ-
ent in children than adults but the corticosteroid 
demonstrate as beneficial as in children from 
developing countries, the uses of corticosteroids 
not supported by low income countries, because 
discrepancy is not known. The benefits of cortico-
steroids are only seen when they are used before 
the first dose of antibiotic is given; the benefits are 
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highest in Haemophilus influenzae meningitis [2]. 
After the introduction of the Hib (Haemophilus 
influenzae type b) vaccine the incidence of pediat-
ric meningitis decreased dramatically; it is now 
recommended that if the cause of pediatric menin-
gitis is H. influenzae, treatment with corticoste-
roid should be given only before the first dose of 
antibiotic, as other uses are controversial.

7.3.9	 �Prognosis

Bacterial meningitis can be fatal if untreated, 
while viral meningitis is rarely fatal; in contrast 
with bacterial meningitis it tends to resolve spon-
taneously after treatment. Mortality in bacterial 
meningitis depends on the underlying causes and 
the age of the patient—20 to 30% of newborns 
with bacterial meningitis are at risk of dying, but 
the risk is lower in older children, whose mortal-
ity is about 2%, whereas the risk increases to 
19–37% in adults. There are various risk factors 
apart from age and the causative pathogens; e.g., 
the time taken to eradicate the pathogen from the 
CSF, the severity of the illness, the level of con-
sciousness, and an abnormally low WBC in the 
CSF. H. influenzae meningitis and meningococ-
cal meningitis have a better outcome than menin-
gitis caused by pneumococcal bacteria, 
Streptococcus pneumoniae, group B streptococci, 
or coliforms in adults; the mortality is lower in 
meningococcal meningitis (3–7%) than in men-
ingitis caused by pneumococcal bacteria [9, 10].

CNS damage leads to several potential dis-
abilities in children, including behavioral and 
learning difficulties, epilepsy, and sensorineural 
hearing loss, as well as cognitive impairment in 
50% of those who survive; in adults hearing loss 
is variable and all cases are emergence without 
disability ;40% of adult survivors show deafness 
or cognitive impairment [9].

Children with TBM are associated with a high 
risk of death; even with treatment 19% of survi-
vors have ongoing neurological problems. In 
many countries meningitis is epidemiologically 
notifiable, but the precise incidence is not known 
[16]. In 2013 there were 303,000 deaths of men-
ingitis patients worldwide, down from 464,000 in 

1990, and in 2010, it was estimated that there 
were 420,000 deaths because of meningitis, 
excluding that caused by Cryptococci [18]. In 
Western countries 3 bacterial meningitis deaths 
per 100,000 population have been reported, while 
viral meningitis is more common in population-
wide studies, at an incidence of 10.9 per 100,000 
population, and it occurs more often in the sum-
mer. In Brazil, the incidence of bacterial menin-
gitis is greater, at 45.8 per 100,000 population 
annually. Sub-Saharan Africa has been plagued 
by large epidemics of meningococcal meningitis 
for over a century, leading to it being labeled the 
“meningitis belt” [5]. Epidemics typically occur 
in the dry season (December to June), and an epi-
demic wave can last 2–3 years, dying out during 
the overruling rainy seasons. Incidence rates of 
100–800 cases per 100,000 population are 
encountered in this area, which is poorly served 
by medical care; these cases are predominantly 
caused by meningococci. The largest epidemic 
ever recorded in the history of the area swept 
across the entire region in 1996–1997, causing 
over 250,000 cases and 25,000 deaths [9].

Meningococcal disease occurs in epidemics in 
areas where many people live together for the 
first time, such as army barracks during mobiliza-
tion, college campuses, and the annual Hajj pil-
grimage. Although the pattern of epidemic cycles 
in Africa is not well understood, several factors 
have been associated with the development of 
epidemics in the meningitis belt. They include: 
medical conditions (immunological susceptibil-
ity of the population), demographic conditions 
(travel and large population displacements), 
socioeconomic conditions (overcrowding and 
poor living conditions), climatic circumstances 
(drought and dust storms), and concurrent infec-
tions (acute respiratory infections) [10].

Bacterial meningitis shows significant dif-
ferences in  local distribution. For example, 
in Europe and Asia most disease episodes are 
caused by meningitis groups B and C, while 
group A continues to predominate in Africa, 
where it causes most of the major epidem-
ics in the meningitis belt, accounting for 
about 80–85% of documented meningococcal 
meningitis cases.
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7.4	 �Tuberculous Arachnoiditis

In TB arachnoiditis the arachnoid mater is 
inflamed; this inflammation is called arachnoidi-
tis. The CNS, spinal cord, and brain are sur-
rounded by membranes called meninges, which 
protect the nerves. Arachnoiditis can be caused 
by adverse reactions to chemicals, infection with 
bacteria or viruses, straight to the brain [15].

7.4.1	 �Signs and Symptoms

TB arachnoiditis can lead to many painful and 
debilitating symptoms that can vary greatly in 
each case; chronic pain (including neuralgia) is 
the most common symptom, while numbness 
and tingling of the extremities can occur with 
spinal cord involvement, and bowel, bladder, 
and sexual functioning can be affected if the 
lower part of the spinal cord is involved. While 
arachnoiditis has no consistent pattern of 
symptoms, it mostly affects the nerves that 
supply the legs and lower back, and many 
patients experience difficulty sitting for long or 
short periods of time due to discomfort or pain, 
or because of efferent neurological or other 
motor symptoms, such as difficulties control-
ling limbs [15].

7.4.2	 �Diagnosis

For the diagnosis of TB arachnoiditis, arachnoid 
ossification may be detected better on unen-
hanced CT, which is more specific than MRI, 
showing calcification or hemosiderin deposits 
which are unclear on MRI. MRI is less specific in 
the diagnosis of TB arachnoiditis [15].

7.4.3	 �Treatment

The treatment of arachnoiditis is difficult, and is 
generally based on the severity of the pain and 
the symptoms. Thus, arachnoiditis is not yet cur-
able, and can be life-threatening. Management 
includes medication, physical therapy, and psy-

chotherapy. Surgical intervention decreases a bad 
outcome and gives temporary relief of pain [15].

7.5	 �Intracranial Subdural 
Tuberculous Empyema

Intracranial subdural TB empyema is an 
extremely rare form of CNS TB and is extremely 
uncommon. Subdural empyema in the subdural 
space is mostly pyogenic.

The co-occurrence of TB brain abscess and 
subdural TB empyema has been reported in the 
literature. Although chronic otitis media is com-
monly seen in children with TB empyema, TB 
empyema of otogenic origin is rare and is often 
misdiagnosed as pyogenic abscess; in the etio-
logic analysis of 75 cases of brain abscess, TB 
etiology was found in only 4% of the cases 
[19–22].

7.5.1	 �Diagnosis

7.5.2	 �Imaging

The primary approach to the diagnosis of intra-
cranial subdural TB empyema mainly depends on 
imaging techniques such as CT and MRI. Newer 
technologies described below have significantly 
improved our ability to diagnose as well as to 
localize lesions and monitor them for response or 
progression during treatment. With the applica-
tion of CT technology, both the ease of diagnosis 
and the prognosis have dramatically improved 
[14].

7.5.3	 �Treatment

The surgical treatment of intracranial subdural TB 
empyema needs individualization. Anti-TB treat-
ment is the mainstay of the treatment. Surgical 
evacuation is advocated, depending on the severity 
of the neurological symptoms. Craniotomy is 
advisable in drug-resistant intracranial subdural TB 
empyema that shows no healing. Burr hole drain-
ing was not successful at the first attempt in an 
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8-year-old Kazakh patient diagnosed with intracra-
nial subdural TB empyema, and the evacuation of 
TB pus, and draining, was done after the subse-
quent performance of a craniectomy [17, 23].

References

	 1.	Lapeyssonnie L (1963) Cerebrospinal meningitis in 
Africa. Bull World Health Organ 28:1–114

	 2.	Logan SA, MacMahon E (2008) Viral meningitis. 
BMJ 336:36–40

	 3.	Swartz MN (2004) Bacterial meningitis—a view of 
the past 90 years. N Engl J Med 351:1826–1828

	 4.	Thwaites G, Chau TT, Mai NT, Drobniewski F, 
McAdam K, Farrar J (2000) Tuberculous meningitis. 
J Neurol Neurosurg Psychiatry 68:289–299

	 5.	Leach RM (2010) Acute and critical care medicine at a 
glance. New Jersey: John Wiley & Sons, USA. p 101

	 6.	Tunkel AR, Hartman BJ, Kaplan SL (2004) Practice 
guidelines for the management of bacterial meningi-
tis. Clin Infect Dis 39:1267–1284

	 7.	World Health Organization (1998) Control of epi-
demic meningococcal disease, practical guidelines, 
2nd edn. World Health Organization, Geneva . WHO/
EMC/BA/98 (PDF) 3, pp 1–83

	 8.	WHO (2003) Detecting meningococcal meningitis 
epidemics in highly-endemic African countries. Wkly 
Epidemiol Rec 78:294–296

	 9.	Chiang SS, Khan FA, Milstein MB, Tolman AW, 
Benedetti A, Starke JR, Becerra MC (2014) Treatment 
outcomes of childhood tuberculous meningitis: a sys-
tematic review and meta-analysis. Lancet Infect Dis 
14:947–957

	10.	Greenwood B (2006) One Hundred years of epidemic 
meningitis in West Africa — has anything changed? 
Trop Med Int Health 11:773–780

	11.	Weichselbaum A (1887) Ueber die Aetiologie der 
akuten Meningitis cerebro-spinalis. Fortschrift der 
Medizin (in German) 5:573–583

	12.	Behera D (2010) Textbook of pulmonary medicine. 
Jaypee Brothers Publishers, p 505; Christodoulides M 
(2013) Meningitis New Delhi: cellular and molecular 
basis. CABI, India. p 154

	13.	Dinnes J, Deeks J, Kunst H, Gibson A, Cummins E, 
Waugh N, Drobniewski F, Lalvani A (2007) A system-
atic review of rapid diagnostic tests for the detection 
of tuberculosis infection. Health Technol Assess 
11:85–87

	14.	Britt RH, Enzmann DR, Yeager AS (1981) 
Neuropathological and computerized tomographic 
findings in experimental brain abscess. J  Neurosurg 
55:590–603

	15.	NINDS Arachnoiditis Information Page. National 
Institute of Neurological Disorders and Stroke, 
National Institutes of Health. Accessed 23 Oct 
2015.

	16.	Heyderman RS, Lambert HP, O’Sullivan I, Stuart JM, 
Taylor BL, Wall RA (2003) Early management of sus-
pected bacterial meningitis and meningococcal septi-
caemia in adults. J Infect 46:75–77

	17.	Flexner S (1913) The results of the serum treatment in 
thirteen hundred cases of epidemic meningitis. J Exp 
Med 17:553–576

	18.	Harrison J, Kulkarni K, Baguneid M, Prendergast 
B (2009) Oxford handbook of key clinical evidence 
(Oxford handbooks). Oxford University Press, 
Oxford

	19.	Chaudhuri A, Martinez–Martin P, Martin PM (2008) 
EFNS guideline on the management of community-
acquired bacterial meningitis: report of an EFNS Task 
Force on acute bacterial meningitis in older children 
and adults. Eur J Neurol 15:649–659

	20.	Attia J, Hatala R, Cook DJ, Wong JG (1999) The 
rational clinical examination. Does this adult patient 
have acute meningitis? JAMA 282:175–181

	21.	Walker AE, Laws ER, Udvarhelyi GB (1998) Infections 
and inflammatory involvement of the CNS.  The 
Genesis of Neuroscience, Thieme, pp 219–221

	22.	Peltola H (2000) Worldwide Haemophilus influenzae 
type b disease at the beginning of the 21st century: 
global analysis of the disease burden 25  years after 
the use of the polysaccharide vaccine and a decade 
after the advent of conjugates. Clin Microbiol Rev 
13:302–317

	23.	Greenwood B (2006) 100 years of epidemic meningi-
tis in West Africa – has anything changed? Tropical 
Flexner S (1913) The results of the serum treatment in 
thirteen hundred cases of epidemic meningitis. J Exp 
Med 17:553–576

S. Duishanbai et al.



79© Springer International Publishing AG 2017 
M. Turgut et al. (eds.), Tuberculosis of the Central Nervous System, 
DOI 10.1007/978-3-319-50712-5_8

Cerebrum, Cerebellum, and Deep 
Structures of the Brain

Forhad Hossain Chowdhury, 
Mohammod Raziul Haque, 
and Mainul Haque Sarker

Contents

8.1  	� Introduction, Incidences, and 
Predisposing Factors �   80

8.2  	� TB of the Cerebral Hemisphere �   80
8.2.1  �Common Sites �   80
8.2.2  �Pathology �   80
8.2.3  �Clinical Features �   81
8.2.4  �Diagnosis �   81
8.2.5  �Treatment �   82
8.2.6  �Cerebral TB and Seizure �   92
8.2.7  �Results and Follow-Up �   96
8.2.8  �Prognosis �   96

8.3  	� TB of Deep Structures of the Brain �   97
8.3.1  �TB of the Basal Ganglia �   97
8.3.2  �Diencephalic TB �   97

8.4  	� Cerebellar TB �   98
8.4.1  �Introduction �   98
8.4.2  �Pathogenesis �   98
8.4.3  �Common Sites and Differential Diagnosis �   98
8.4.4  �Clinical Presentation �   98
8.4.5  �Diagnosis �   99
8.4.6  �Treatment �   99

8.5  	� TB of the Cerebellar Peduncle �   99

8.6  	� Prevention �   100

�Conclusion �   100

�References �   100

Abbreviations

ADA	 Adenosine deaminases
AFB	 Acid-fast bacillus
AIDS	 Acquired immunodeficiency syndrome
BCG	 Bacillus Calmette and Guerin
CNS	 Central nervous system
CPA	 Cerebellopontine angle
CSF 	 Cerebrospinal fluid
CT 	 Computed tomography
DNA 	 Deoxyribose nucleic acid
ETV	 Endoscopic third ventriculostomy
HIV	 Human immunodeficiency virus
ICP	 Intracranial pressure
INH	 Isoniazid
MDR	 Multidrug resistant
MRI	 Magnetic resonance imaging
NNA	 Nucleic acid amplification
PCR	 Polymerase chain reaction
RIF	 Rifampin
TB	 Tuberculosis
TBA	 Tuberculous brain abscess
TBM	 Tubercular meningitis
VPS	 Ventriculoperitoneal shunt
XDR 	 Extensive drug resistance

F.H. Chowdhury, FCPS, MS (*) 
Department of Neurosurgery,  
National Institute of Neurosciences and Hospital,  
Room no. 635 Sher-e-bangla nagar, Dhaka 1207, 
Bangladesh
e-mail: forhadchowdhury74@yahoo.com 

M.R. Haque, FCPS, MS • M.H. Sarker, MS 
Department of Neurosurgery, Dhaka Medical College 
and Hospital, Dhaka, Bangladesh
e-mail: raziulhaque@yahoo.co.in; mhsarker@gmail.com

8

mailto:forhadchowdhury74@yahoo.com
mailto:raziulhaque@yahoo.co.in
mailto:mhsarker@gmail.com


80

8.1	 �Introduction, Incidences, 
and Predisposing Factors

With the increasing number of tuberculosis (TB) 
patients, central nervous system (CNS) TB is also 
increasing [1]. The CNS involvement comprises 
approximately 10–15% of all TB infections [2] 
and is seen most commonly in the developing 
countries. The World Health Organization 
reported that 8–10 million new cases of TB are 
diagnosed all over the world, each year. Incidence 
of TB is eight cases per 100,000 annually, in the 
United States. In the late 1980s, the rate of TB 
increased mostly due to HIV infection in coun-
tries where TB is common and where AIDS con-
tinues to be a pandemic disease with a high 
mortality and morbidity rate, especially in Asia 
and Africa. In endemic areas CNS TB is consid-
ered to follow the 10% rule [3]. There are an esti-
mated 10 million new cases of TB worldwide, 
nearly 10% of all patients with TB tend to have 
CNS involvement either as tuberculous meningi-
tis (TBM) or as intracranial tuberculomas, and 
till date the reported literature suggested that the 
two conditions may coexist in up to 10% of 
patients. In endemic areas, 10% of all intracranial 
space occupying lesions are tuberculomas and 
the mortality of intracranial tuberculomas has 
also been reported at around 10%. Almost 70% 
of patients have multiple tuberculomas [4].

The prevalence of tuberculomas varies in dif-
ferent countries and age groups. The incidence of 
TB also varies among different socioeconomic 
classes. Tuberculomas can occur at any site in the 
brain. Arvind et al. reported in a series of 1247 
cases that the parietal hemisphere accounted for 
47% of intracranial tuberculomas and that left-
sided lesions were more common than right-
sided ones [5].

In the reported studies following conditions 
such as HIV infection, [6] intravenous drug use, 
immunosuppression from increasing age, alco-
holism, malnutrition, poverty, transplantation, 
aggressive chemotherapy, immigration, [7] 
homelessness, and crowding are mainly consid-
ered to be responsible for the development and 
for the annual increase of disease. The age range 
of neuro-TB is between 25 and 45 years [8–10], 

but authors found this to be 2–68 years in their 
series of 78 cases. Neuro-TB is mostly hemi-
spheric [5]. Tuberculoma is encountered in only 
15–30% cases of CNS TB [11].

8.2	 �TB of the Cerebral 
Hemisphere

8.2.1	 �Common Sites

TB granuloma (tuberculoma) is the most com-
mon form of parenchymal lesion [12]. 
Tuberculoma can occur at all age group; how-
ever, its incidence is higher in pediatric popula-
tion [13]. TB lesions can involve any part of the 
cerebral hemisphere. These are usually located at 
the corticomedullary junction and periventricular 
region, as expected for hematogenous dissemina-
tion. They are mostly supratentorial (i.e., hemi-
spheric) in adults, and in children the cerebral 
hemisphere is less commonly involved than the 
cerebellum [14, 15]. Common sites for tubercu-
lomas are cerebral hemispheres and basal ganglia 
in adults due to the large blood supply to these 
areas [5]. Distribution of brain tuberculoma 
reported by Turgut et  al. [16] was as follows: 
cerebral hemisphere 41%, cerebellum 35%, brain 
stem 6%, intraspinal 6%, and multiple 12%.

8.2.2	 �Pathology

Mycobacterium tuberculosis is an aerobic, non-
motile, nonspore-forming, acid/alcohol-fast 
bacillus (AFB) that infects primarily humans. Its 
doubling time is quite slow (15–20  h) [17]. 
Mycobacterium bovis and atypical 
Mycobacterium spp. can also involve in cerebral 
TB. The acquisition of M. tuberculosis infection 
occurs through the inhalation of droplet nuclei 
containing the bacilli, eventually leading to depo-
sition in the lung alveoli. Due to host immune 
response, the activation of a type 1 T-helper cell-
mediated immune response occurs, and, ulti-
mately, a granuloma is formed. Early in this 
process, prior to the actual containment of the 
infection, bacilli are filtered into draining lymph 
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nodes, and there exists a low-level bacteremia in 
which M. tuberculosis disseminates to distant 
sites in the body [18]. This hematogenous seed-
ing occurs most frequently in regions of the body 
that are highly oxygenated such as the brain and 
in the brain cerebral and cerebellar hemispheres 
and basal ganglia that are highly oxygenated 
parts of the brain [19]. A complex interplay of 
host immune factors and M. tuberculosis viru-
lence factors in the end determines whether or 
not the infection is contained and whether, or to 
what extent, the dissemination of the bacilli leads 
to clinical disease [18]. Macroglias are the key 
cells of the pathogenesis of neuro-TB [17]. For 
cerebral or other CNS TB, the disease begins 
with the development of small TB foci (rich foci) 
in the brain, spinal cord, or meninges. The loca-
tion of these foci and the capacity to control them 
ultimately determine which form of CNS TB to 
occur [20]. Forms of cerebral TB are like that of 
CNS TB involvement. It can be in the form of 
tuberculoma (including hard or soft granulomas) 
and tubercular abscess (including TB cerebritis) 
[21, 22]. These forms of TB can occur with or 
without tubercular meningitis (TBM).

8.2.3	 �Clinical Features

Clinical manifestations of parenchymal tubercu-
loma or tuberculous brain abscess (TBA) depend 
largely on their location. Patients often present 
with headache, seizures, papilledema, or other 
signs of increased intracranial pressure. The 
pace of symptom development usually is mea-
sured in weeks to months with cerebral TB. The 
presentation of brain abscess is more acute 
(1 week–3 months) than tuberculoma but slower 
in onset than pyogenic brain abscesses. TBA is 
associated with fever, headaches, and focal neu-
rological deficits (i.e., visual disturbances, limb 
weakness, dysphasia, memory disturbances, 
etc.) [23]. The clinical presentation of cerebral 
tuberculoma may be delayed months to years 
after the infection [24]. When associated with 
TBM, clinical features of TBM (i.e., classic 
meningitis symptoms of fever, headache, and 
stiff neck) along with focal neurological deficits, 

behavioral changes, seizures, and alterations in 
consciousness may present [25]. Low-grade 
fever and night sweat may present specially in 
children. Abnormal movement disorders may 
occur in the form of chorea or hemiballismus, 
athetosis, tremors, and myoclonic jerks [26]. 
Patients with CNS TB may or may not associate 
with other systemic TB.

8.2.4	 �Diagnosis

Definitive diagnosis  Definitive diagnosis 
depends on detection of TB bacilli in CSF either 
by smear examination or bacterial culture [27]. 
Histopathological identification of TB granuloma 
is the hallmark of TB and is considered as confir-
matory for TB.

Neuroimaging  Neuroradiological findings can 
only be suggestive of neuro-TB but not confirma-
tory [17]. Tuberculomas are normally defined as 
single or multiple, low or high density, and round 
or lobulated masses with irregular walls and 
show homogenous or ring enhancement after 
administering contrast on CT scan [11, 28]. The 
magnetic resonance imaging (MRI) features of 
individual tuberculoma will depend on whether 
the lesion is noncaseating, caseating with a solid 
center, or caseating with a liquid center [29, 30]. 
The noncaseating granuloma is usually hypoin-
tense on T1-weighted images (T1WI) and hyper-
intense on T2-weighted images (T2WI) and 
shows homogenous nodular enhancement on 
post-gadolinium images. The caseating 
granuloma(s) with solid center appears hypoin-
tense to isointense on T1WI (may have a slight 
hyperintense rim) and strikingly hypointense on 
T2W images. On contrast administration, the 
lesion shows peripheral rim enhancement [31–
33]. On MRI, focal tuberculous cerebritis appears 
hypointense on T1 and hyperintense on T2 and 
shows small areas of patchy contrast enhance-
ment on post-gadolinium images [34]. On imag-
ing, a TB abscess may be indistinguishable from 
a caseous tuberculoma with central liquefaction 
or a pyogenic abscess. However, a TB abscess is 
usually solitary and larger than tuberculoma. 
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Perilesional edema and mass effect are more as 
compared to tuberculoma. On CT and MRI, it is 
often multinucleated and shows thin, smooth 
peripheral wall enhancement on post-contrast 
images [35]. Commonly identified neuroradio-
logical features of TBM (i.e., basal meningeal 
enhancement, hydrocephalus, and infarctions in 
the supratentorial brain parenchyma and brain 
stem) may be associated findings in cerebral 
parenchymal TB [22, 31, 36] (Fig. 8.1). On MRI 
contrast enhancing, high-intensity (in T2WI) 
CNS miliary TB lesions are small, are less than 
5 mm in size, and located at the corticomedullary 
junction and in the distribution of perforating 
vessels [37] (Figs. 8.2 and 8.3).

CSF Study  Cytological study, microbiological 
study, and molecular and biochemical analysis 
techniques include commercially available 
nucleic acid amplification (NAA) methods and 
other PCR (polymerase chain reaction)-based 

methods, antibody detection, antigen detection, 
or chemical assays such as adenosine deaminase 
(ADA), and tuberculostearic acid measurements 
of CSF sometimes can help significantly but can-
not confirm TB [17].

Differential Diagnosis of Cerebral TB  The main 
differential diagnosis of brain parenchymal TB is 
glial, meningeal, and ependymal tumors; neuro-
ectodermal tumor; metastases; lymphoma; chor-
doma; brain abscess; fungal infection; 
neurocysticercosis; hydatidosis; sarcoidosis; etc. 
[36, 38].

8.2.5	 �Treatment

Drug Therapy (Anti-TB, Steroid, and 
Antiepileptics)  The standard approach to CNS 
TB, endorsed by the Infectious Diseases Society 
of America, Centers for Disease Control and 

a b c

d e f

Fig. 8.1  Contrast MRI of the brain; (a–c) coronal images; 
(d–f) axial images showing numerous tubercular lesions 
in subarachnoid spaces (both Sylvian fissures, basal cis-

terns, prepontine cistern, etc., i.e., granulomatous basal 
meningitis)
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d e f

b c

Fig. 8.3  Comparative pictures between miliary brain TB 
and miliary brain metastasis. Contrast MRI of the brain; 
(a–c) sagittal, coronal, and axial images, respectively, 

showing “miliary metastasis in the brain.” (d) Axial, (e) 
sagittal, and (f) coronal images of contrast MRI of the 
brain, respectively, showing “miliary tuberculomatosis”

a b c

d e f

Fig. 8.2  Contrast MRI of the brain, (a–c) axial images; (d) sagittal and (e, f) coronal images showing “panencephalic 
miliary tuberculomatosis”
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Prevention, and American Thoracic Society 
guidelines [39], includes an initial 2-month 
induction therapy regimen including isoniazid 
(INH), rifampin (RIF), pyrazinamide, and etham-
butol, followed by 7–10 additional months of 
INH and RIF as maintenance therapy for an iso-
late that is sensitive to these agents. INH, RIF, 
and the second-line agents, aminoglycosides, 
capreomycin, and fluoroquinolones, are available 
in parenteral form if an altered mental status pre-
cludes oral intake. The recommended use of this 
regimen and the duration of therapy are extrapo-
lated from the standard regimen for pulmonary 
TB, since no randomized control trial has estab-
lished an optimal treatment course for CNS 
TB. Recommended duration of anti-TB therapy 
is at least 9–18  months, depending upon the 
patient’s clinical and radiological response, but 
may have to be continued for longer or changed 
to second-line medications [36, 40, 41]. The 
treatment of multidrug resistance (MDR) and 
extensive drug resistance (XDR) TB is difficult, 
and it needs long drug therapy in special combi-
nation with first- and second-line drugs. Even in 
the expert hands, outcome is not good [39, 42–
45]. The use of corticosteroids in the treatment of 
cerebral TB is a controversial issue. It reduces 
inflammation within the subarachnoid space [46, 
47]. So far now, the manner in which dexametha-
sone affects the neuropathogenesis of CNS TB 
remains unknown, but the benefit clearly extends 
to children and adults with CNS TB [17, 39]. 
Anticonvulsant should be routinely used in cere-
bral TB due to high incidence of seizure (Fig. 8.4). 
Commonly used drugs are phenytoin, carbam-
azepine, oxcarbazepine, and sodium valproate. 
Phenytoin and INH can produce toxicity due to 
interaction [48].

Surgical Management (Figs. 8.5, 8.6, 8.7, 8.8, 8.9, 
8.10, 8.11, 8.12, 8.13, 8.14, and 8.15)  No other 
CNS infection has seen such a change in manage-
ment principles as TB [5, 49]. Initial literature is 
filled with reports of successful treatments with 
surgical excision of tuberculomas up to mid-
1980s, but with the introduction of better medica-
tions and with reports of equal or even better 
results with anti-TB therapy alone, the paradigm 

shifted toward nonsurgical management [50]. 
Patients in endemic areas were managed on the 
basis of clinical suspicion alone without the need 
for histological diagnosis. Neurosurgical inter-
vention was restricted to stereotactic or CT-guided 
biopsies of suspect lesions or lesions not respond-
ing to medications [51]. Recent reports however 
suggest that medical therapy may be insufficient 
for complete cure of these lesions, with 20–46% 
of the lesions failing to resolve on prolonged 
(18 months) anti-TB therapy alone [27, 41]. It has 
been recommended that medical management be 
initiated for most tuberculomas which can be 
diagnosed with reasonable confidence based only 
on their clinical and radiological features [52, 53]. 
Whenever the diagnosis is suspect, the choice is 
between an empirical course of antituberculous 
therapy followed by repeat imaging, or a biopsy 
of the most superficial lesion in the least eloquent 
area is recommended [54, 55]. For biopsy, exci-
sion of the entire tuberculoma is always prefera-
ble if it can be done safely [55]. If lesions near 
eloquent areas need to be biopsied, stereotactic, 
neuronavigation, or ultrasound-guided aspirations 
are useful. For giant tuberculomas, or tuberculo-
mas not responding to therapy, or tuberculomas 
causing significant mass effect, surgical excision 
should be considered. When more than one lesion 
is present, giant tuberculomas are excised [27]. 
An aggressive attitude toward these giant tubercu-
lomas is due to the fact that these hardly ever 
resolve with medical therapy alone, require long 
duration of therapy, have a high risk of reactiva-
tion, and may show the paradoxical effect. 
Debulking of these lesions not only reduces bulk 
but also improves antibiotic penetration and low-
ers steroid requirements [27]. Partial excision of 
tuberculomas carries a higher risk of postopera-
tive hemorrhage. The postoperative course is usu-
ally unremarkable. As a policy, biopsy is 
recommended for all suspected intracranial tuber-
culomas prior to initiation of chemotherapy [56]. 
Sometimes despite adequate antimicrobial cover-
age, the tuberculoma may increase in size, a phe-
nomena referred to as the paradoxical response. 
This generally occurs over a period of 1–3 months 
after the commencement of chemotherapy [57]. 
Under such circumstances, serious thought should 

F.H. Chowdhury et al.



85
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b
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Fig. 8.4  (a, b) Contrast MRI of the brain in sagittal and 
axial images showing the large tuberculoma, cerebellum, 
and middle cerebellar peduncle extending in left cerebel-
lopontine angle (CPA). (c, d) CT scan of the brain in 16th 
postoperative day after control of status epilepticus show-
ing edema in the right frontal lobe and left CPA. (e) 

Postoperative contrast MRI axial image (6 months after 
operation and five and half months after status epilepti-
cus) showing atrophy of the right frontal lobe. (f) 
Postoperative MRI of the brain 6 months after operation 
showing no residual lesion in the cerebellum and left CPA
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a b c

d e f

Fig. 8.5  Contrast CT scan of the brain; (a–c) axial images showing left frontoparietal TB mass with edema and ven-
tricular effacement. (d–f) Per-operative images showing different steps of excision of the TB lesion

Fig. 8.6  Contrast MRI of the brain; (a, b) sagittal images 
and (c, d) axial images showing TB lesion (abscess was 
confirmed and drained endoscopically with biopsy. After 
endoscopic drainage, ETV was successfully done) in the 

floor of the third ventricle, hypothalamus, infundibulum, 
and interpeduncular fossa with triventriculomegaly

a b
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be given to reconfirmation of diagnosis and/or 
excision of tuberculomas. Sequela of disease 
includes reactivation TB, drug resistance, hydro-
cephalus, seizures, and paradoxical response to 
antituberculous therapy [50]. Serial brain imaging 
is essential to determine the length of therapy. 

Surgery is indicated for both diagnosis and ther-
apy of tuberculomas [48] or tubercular abscess. A 
tuberculoma/TBA that severely elevates intracra-
nial pressure (ICP) and threatens life or vision 
merits emergent surgical excision. In addition, 
surgical intervention comes into consideration in 

a b

Fig. 8.7  (a, b) Per-operative pictures of Fig. 8.6 patient 
during endoscopic third ventricular intervention showing 
pus coming out from the TBA at the floor of the third ven-

tricle (pus was carefully and slowly aspirated through “cut 
tip” Fogarty catheter, and finally an endoscopic third ven-
triculostomy was possible in this case)

c d

Fig. 8.6  (continued)
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(1) patients who do not respond clinically or 
radiologically to anti-TB therapy; (2) patients 
whose diagnosis in doubt, such as those with 
atypical CT or MR images [58]; and (3) patients 

with obstructive hydrocephalus [48]. An insis-
tence on total excision at the cost of undesirable 
neurological deficit is to be discouraged [48], 
though partial excision of tuberculomas carries a 

a b c

d e f

Fig. 8.8  Contrast MRI of the brain; (a) axial images, (b) 
sagittal images, and (c) coronal images showing left 
parieto-occipital TBA, recurred after surgical removal of 
parietal tuberculoma. CT scan of the brain after removal 

of parieto-occipital TBA; (d) axial images, (e) sagittal 
images, (f) coronal images showing development of acute 
subdural hematoma in early postoperative periods

a b c

Fig. 8.9  Contrast MRI of the brain; (a) axial, (b) sagittal, and (c) coronal images showing right cerebellar hemispheric 
large TB lesion (multiple coalescing rings)
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higher risk of postoperative hemorrhage [59]. The 
postoperative course is usually unremarkable [4]. 
Appropriate surgical treatment options for TBA 
include simple puncture, continuous drainage, 
fractional drainage, repeated aspiration through a 
burr hole, stereotactic aspiration, and total exci-
sion of the abscess [23] along with antiTB ther-
apy. From our experiences, when suspected TBA, 

excision of the abscess gives the best outcome 
(Figs. 8.1, 8.6, 8.7, and 8.8). Hydrocephalus is an 
extremely common complication of CNS TB and 
can be treated with excision of mass lesion (i.e., 
tuberculomas or abscess), diuretics, osmotic 
agents, serial lumbar punctures, external ventricu-
lar drainage, ventriculoperitoneal shunts (VPS), 
and ETV [60]. More recently, there are encourag-

a b

c d

Fig. 8.10  Postoperative contrast MRI of patient of Fig. 8.9; (a–d) axial sections showing postoperative state in the 
right cerebellum and CPA with very small lesion in the right cerebellum and right frontal lobe
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a b

c d

Fig. 8.11  Contrast MRI of the brain; (a, b) sagittal images and (c, d) coronal images showing multiple coalescing ring 
lesions (tuberculomas) in the cerebellum

a b c

Fig. 8.12  (a–c) Contrast MRI of the brain showing large tuberculoma in right insulo-putaminal area
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Fig. 8.13  Contrast MRI of the brain; (a) sagittal image, 
(b) coronal image, and (c) axial image showing left amyg-
dalar tuberculoma (presented with severe form of tempo-

ral lobe epilepsy, excised completely with 
amygdalohippocampectomy)

a b c

d e f

Fig. 8.14  Contrast MRI of the brain; (a, b) sagittal 
images and (c) axial image showing TB lesion in the 
infundibulo-hypothalamic region, midbrain tectal area 

causing triventriculomegaly, and other parts of the brain. 
(d–f) CT scan of the brain’s axial sections after endo-
scopic third ventriculostomy (ETV)
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ing data on the safety and efficacy of neuroendos-
copy in relieving hydrocephalus in both adults 
[61] and infants [44] which may negate the need 
for VPS (Figs.  8.6, 8.7, 8.14, 8.16, 8.17, 8.18, 
8.19, and 8.20). In the earlier part of our experi-
ences, we frequently did surgery for cerebral (and 
cerebellar) tuberculomas, as experiences of 
increased rate of surgery went down as we learned 
more conservative way to treat the parenchymal 
TB lesions by empirical trial/anti-TB therapy. But 
when surgery is needed, we did radical excision 
biopsy even in eloquent areas. In this era of micro-
surgery and modern neurosurgical skill, post-
excision neuro-deterioration is unlikely. We did 
the complete excision of the targeted lesion in 
almost all cases where surgery was needed or 
done without any neuro-deterioration.

8.2.6	 �Cerebral TB and Seizure 
(Figs. 8.4 and 8.13)

It is considered that tuberculoma in brain paren-
chyma is relatively less epileptogenic, but patient 
with CNS TB can present with seizure. But epi-
lepsy the only presenting feature in CNS tubercu-
loma is rare [62, 63]. Tuberculoma causing seizure 
can usually manage by antiepileptic drugs. 
Tuberculoma with only intractable epilepsy is fur-
ther rare. Tuberculoma in the medial temporal lobe 
can rarely cause intractable seizure which can 
respond surgery followed by anti-TB therapy [62]. 
Chowdhury et  al. [64] reported development of 
postoperative (on 14th postoperative day) status 
epilepticus in a pediatric patient where large 
cerebellopontine angle (CPA) tuberculoma (in cer-

a b c

d e f

Fig. 8.15  Contrast MRI of the brain; (a) sagittal image, 
(b) axial image, and (c) coronal image showing large 
tuberculoma/s in the left medial frontal and superior fron-
tal gyrus. Postoperative (3 months after operation) MRI of 

the brain; (d) sagittal image in T1W, (e) axial image in 
T1W, and (f) coronal image in T2W showing postopera-
tive states at the operative field without mass affects and 
edema
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a b

Fig. 8.16  (a, b) Per-operative pictures during endoscopic ETV and ventriculoscopy showing numerous tuberculomas 
on the floor of the third ventricle

a b c

d e f

Fig. 8.17  Contrast MRI of the brain; (a) sagittal image, 
(b) coronal image, and (c) axial image showing post-TBM 
communicating hydrocephalus with multiple TB lesions 
in the brain and subarachnoid spaces in patient 18 months 

of age. (d–f) CT scan of the brain at the age of 20 months 
after ventriculoperitoneal shunt and ongoing anti-TB ther-
apy showing resolution of hydrocephalus, but there is 
asymptomatic fourth ventricular entrapment
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d

Fig. 8.18  Contrast MRI of the brain at the age of 
19 months after VP shunt and ongoing anti-TB therapy; 
(a, b) axial images, (c, d) coronal images, and (e, f) sagit-

tal images showing resolution of hydrocephalus with per-
sistent tuberculomas in different parts of the brain
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Fig. 8.19  Contrast MRI of the brain at the age of 
24 months after VP shunt and ongoing anti-TB therapy; 
(a, b) sagittal images, (c, d) coronal images, and (e, f) 

axial images showing resolution of hydrocephalus and 
resoluting tuberculomas in different parts of the brain
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ebellum) was surgically removed who had a small 
tuberculoma in the frontal cortex. In this patient, 
postoperative status epilepticus might be caused 
by any preexisting cortical lesion, by the ongoing 
anti-TB drug therapy or by the potentiating effect 
of both. Anti-TB drugs, especially isoniazid, can 
cause tonic-clonic seizures by the impairment of 
pyridoxine metabolism. In the early postoperative 
period, the patient’s status epilepticus was proba-
bly due to the combined effect of a frontal lobe 
lesion and the action of anti-TB drugs that caused 
severe edema in that lobe and contralateral hemi-
plegia that recovered slowly and incompletely 
along with frontal lobe atrophy [64].

8.2.7	 �Results and Follow-Up

Intracranial tuberculomas usually carry a favor-
able prognosis, and the predictors of poor out-
come include coma at presentation and evidence 
of miliary TB [65]. Majority of patients make 
complete recovery although some may have neu-

rological deficits [4]. Initial reports of mortality 
ranged from 10% to 27%. But the results have 
dramatically improved in recent years [48]. Early 
diagnosis and appropriate treatment usually pre-
vent complications such as hydrocephalus, 
infarct, and paradoxical affect. But the develop-
ment of sequelae and complications may be 
delayed, so close monitoring following the initia-
tion of antiTB therapy is essential. Follow-up CT 
scans at 1 week and 1 month after the initial CT 
scan have been shown to be particularly important 
in picking up important diagnostic findings and 
adverse sequelae in children with CNS TB [66].

8.2.8	 �Prognosis

The identified predictors of poor outcome in 
cerebral TB are advanced stage of the disease at 
presentation, age, and the presence of any infarc-
tion other than a purely hemispheric infarction, 
an HIV coinfection, and the combination of INH 
and RIF resistance [45, 67].

a

e f

b c

d

Fig. 8.20  Contrast MRI of the brain at the age of 6 years (the patient developed ataxia and repeated fall); (a–c) axial 
images and (d–f) coronal images showing recurrent tuberculoma in brachium pontis and pons
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8.3	 �TB of Deep Structures 
of the Brain

8.3.1	 �TB of the Basal Ganglia

The basal ganglia comprise the lentiform nucleus 
(putamen and globus pallidus) and caudate 
nucleus. Isolated lentiform nucleus TB (Fig. 8.12) 
and isolated caudate nucleus TB are probably very 
rare and usually involved with other parts of 
CNS.  Lesion in caudate nucleus usually causes 
chorea. Various types of movement disorders par-
kinsonism, extrapyramidal syndrome, tremor, 
chorea, dystonia, myoclonus, hemiballismus can 
occur in cerebral TB due to involvement of the len-
tiform nucleus, caudate nucleus, thalamus, sub-
thalamus, and red nucleus [68]. Alarcon et al. [69] 
studied 180 patients with cerebral TB among 
whom 30 patients developed various movement 
disorders. After completion of anti-TB therapy 
(24 months), seven patients had chorea, three dys-
tonia, and twenty tremor. One of the patients with 
tremor also had myoclonus, and one with dystonia 
had tremor. The average age of the patients with 
chorea was lower than that of the patients with 
dystonia and tremor. Two patients with chorea, 
one with dystonia, and three patients with tremor 
died. The patients with chorea and dystonia had 
more severe disease. They found little correlation 
between the types, distribution, or severity of 
abnormal movements and CT scan or MRI find-
ings. They concluded that tremor is the most com-
mon movement disorder. Chorea is more 

frequently found in young children. Deep vascular 
lesions are more common among patients with 
movement disorders [69].

8.3.2	 �Diencephalic TB

Isolated hypothalamic tuberculoma or TBA is very 
rare (Figs. 8.6 and 8.7). The hypothalamus can be 
affected by the tubercular lesion in hypothalamus 
proper, third ventricle of the suprasellar region. 
Pathogenesis is the same of cerebral TB as 
described earlier [17]. Clinical features include 
general features of TB, headache, vomiting, visual 
disturbances, altered level of consciousness, behav-
ioral changes, cachexia, memory disturbances, 
pituitary hypofunctions, precocious puberty in 
children, diabetes insipidus, seizure, etc. [2, 70]. 
Diagnosis is mainly based on suspicion, and confir-
mation is only possible by histological examination 
tissue specimen from the lesion by microsurgical 
excision, endoscopic biopsy, or stereotactic cases. 
Early surgery is useful in visual disturbances 
caused by the pressure of tubercular mass on optic 
apparatus and in obstructive hydrocephalus. 
Management of epilepsy, hypopituitarism, and dia-
betes insipidus is needed along with anti-TB ther-
apy in indicated cases. Overall management 
strategy is conservative [17].

The thalamus is usually involved with other 
parts of CNS in TB (Fig. 8.21). Isolated thalamic 
TB is very rare [71]. Tuberculoma and TB abscess 
are the two forms of thalamic TB. Clinical fea-

a b c

Fig. 8.21  (a) CT scan of the brain axial image showing 
right internal capsular (genu) and anterior thalamic tuber-
culoma with edema. (b) X-ray chest PA view with pulmo-

nary TB. (c) CT scan of the brain axial image 6 weeks 
after anti-TB therapy where edema reduced significantly 
with clinical improvement of left hemiplegia
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tures are like that of thalamic tumor, i.e., features 
of rised ICP, motor deficit, seizure, behavioral 
changes, memory disturbances, visual distur-
bances, etc. [71]. Differential diagnosis of tha-
lamic tuberculoma includes low-grade 
astrocytoma, glioma, ependymoma, neuroecto-
dermal tumor, lymphoma, metastasis, etc. CT or 
MRI is the investigation that can show the TB 
lesion in the thalamus, but no features of CT or 
MRI are diagnostic. Treatment is usually anti-TB 
therapy either empirical in suspected cases or 
after tissue biopsy. Biopsy is obtained by endo-
scopically or stereotactically or after open surgi-
cal excision. Indications of surgery are like that 
of other parts of CNS. Antiepileptic and steroid 
are usually prescribed with anti-TB drugs [71]. 
TB lesion affecting only the subthalamus is very 
rare, usually affected with other parts of hemi-
sphere and can present with hemiballismus [72]. 
After diagnosis full-course anti-TB therapy can 
cure the condition. The subthalamus is usually 
affected with the thalamus, midbrain, and third 
ventricle. Isolated epithalamic or metathalamic 
TB are yet to be reported, and they are usually 
affected along with other parts of CNS, i.e., the 
thalamus and third ventricle.

8.4	 �Cerebellar TB

8.4.1	 �Introduction

Common site for tuberculoma is cerebellar 
hemispheres in children, due to the large blood 
supply to these areas [5]. TB granuloma (tuber-
culoma) is the most common form of cerebellar 
parenchymal lesion [58]. Tuberculoma can occur 
at all age group; however, its incidence is higher 
in pediatric population [73]. Though solitary 
tuberculoma is seen occasionally, multiple 
grape-like tuberculomas are rare which develop 
as a result of coalescence of multiple small 
immature tuberculomas and resemble a cluster 
of neurocysticercosis cyst [74]. Cerebellar 
involvement in CNS tuberculoma is rare. In a 
series of 23 CNS tuberculoma cases, Bayindir 
et  al. could detect only two cases of cerebellar 
involvement [75].

8.4.2	 �Pathogenesis

These are usually located at the corticomedul-
lary junction and periventricular region, as 
expected for hematogenous dissemination. They 
are mostly infratentorial in children. The patho-
genesis of cerebellar tuberculoma or tubercular 
abscess is same as that of supratentorial cerebral 
tuberculoma or abscess [76, 77]. Isolated TBM 
in posterior fossa does not occur; posterior fossa 
meningitis is always part of global meningitis. 
Types of TB in cerebellum are as follows: (1) 
meningitis (part of global TBM), (2) tubercu-
loma, and (3) TBA.

8.4.3	 �Common Sites (Figs. 8.4, 8.9, 
8.10, and 8.11) and Differential 
Diagnosis (Fig. 8.3)

TB lesion in cerebellum can occur in cerebellar 
hemispheres, vermis, and subependymal zone 
near the fourth ventricle and cerebellar peduncle. 
They can occur in CPA or part of cerebellum near 
to CPA mimicking CPA tumor [6]. Cerebellar 
tuberculoma may be associated with supratento-
rial or spinal tuberculomas [75, 77]. Like supra-
tentorial tuberculoma the differential diagnosis 
of cerebellar tuberculomas or TBA are metasta-
sis, glioma or lymphoma, pyogenic abscess, 
toxoplasmosis, neurocysticercosis, sarcoidosis, 
hydatidosis, and late syphilitic involvement of 
CNS [77].

8.4.4	 �Clinical Presentation

Infratentorial tuberculoma is a life-threatening 
condition. The clinical manifestations of cerebel-
lar TB included various combinations of focal 
signs and symptoms of subacute onset, similar to 
those produced by other space-occupying lesions 
in the brain stem and cerebellum [78]. Like other 
intracranial mass, cerebellar TB lesion com-
monly presents with headache, vomiting and 
visual disturbances, and altered level of con-
sciousness. Infratentorial tuberculomas may 
present with brain stem syndromes, cerebellar 
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signs, and multiple lower cranial nerve palsies 
apart from obstructive hydrocephalus [74, 79]. 
Concomitant extracranial TB is present in 
30–50% cases, but tuberculoma is not often asso-
ciated with TBM.

8.4.5	 �Diagnosis

Diagnosis can be made by the combination of 
clinical features, neuroimaging, mycobacterial 
DNA test, and response to treatment [76]. The 
gold standard of diagnosis remains on demon-
stration of hallmark of TB “tubercular granu-
loma” after histopathological examination of 
biopsy from tuberculoma/abscess wall or demon-
stration of innumerable tubercle bacilli in aspi-
rated pus from tubercular abscess [79].

8.4.6	 �Treatment

Drug therapy  Anti-TB drug therapy is like that of 
cerebral TB therapy as mentioned earlier. In non-
resistance cases, the authors practiced initial 
3-month four-drug combination therapy followed 
by RIF and INH therapy for 15–21  months. 
Antiepileptic therapy is not usually required in iso-
lated cerebellar TB. The principle of steroid ther-
apy is like that of other CNS TB.

Surgical therapy  Principles of surgical therapy 
are like other CNS TB discussed in cerebral TB 
part of this chapter [4, 17]. But in author’s opinion, 
patient with cerebellar TB where tuberculoma or 
abscess produced obstructive hydrocephalus, brain 
stem compression, and altered level of conscious-
ness should be operated on emergency basis: (a) to 
remove the mass, (b) to relieve brain stem com-
pression, (c) to confirm the diagnosis, and (d) to 
establish the normal CSF pathway.

8.5	 �TB of the Cerebellar 
Peduncle (Fig. 8.22)

Three cerebellar peduncles connect the cerebel-
lum to brain stem. The middle cerebellar pedun-
cle is the largest and connect cerebellum with 
pons. TB (tuberculoma and TBA) in the cerebel-
lar peduncle usually occurs from the cerebellum 
or from the brain stem by direct extension. The 
middle cerebellar peduncle is commonly affected. 
Rarely the middle cerebellar peduncle can solely 
be affected by TB [46, 80]. Clinical manifesta-
tion of the cerebral peduncle TB is like that of 
signs and symptoms of cerebellar lesion such as 
slurred speech, incoordination, progressive diffi-
culty in walking developed, dysarthria with scan-
ning speech, gait ataxia, horizontal nystagmus, 
dysmetria, etc. [80]. Diagnosis and treatment are 
same like TB of other parts of CNS.

a
b c

Fig. 8.22  (a–c) Contrast MRI of the brain in axial sections showing tuberculomas in the right side of the cerebellum, 
right superior and middle cerebellar peduncle, and left superior temporal gyrus
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8.6	 �Prevention

Currently, BCG vaccination covers 85% of new-
born infants, and it has been estimated that nearly 
100 million children are vaccinated with BCG 
vaccine every year. Several studies have shown 
that BCG protects against TBM and that its effi-
cacy is around 75–85% [17]. The efficacy of 
BCG appears to persist through 10  years after 
infant vaccination [81].

�Conclusion

CNS TB specially cerebral or cerebellar TB is 
a very serious form of TB that can occur in 
various forms and can cause mortality and 
morbidity in endemic developing countries 
and also in developed countries due to emer-
gences of AIDS and other immunocompro-
mised conditions. Even in this modern era of 
medical sciences, sometimes diagnosis is very 
challenging. Trial anti-TB therapy has defini-
tive management role in endemic areas of 
TB. In the treatment of brain TB, though sur-
gery has definitive indications and role, para-
digm shifted toward the conservative drug 
therapy. XDR and MDR TB of brain are 
extremely difficult conditions to treat and 
need special attention and special team.
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9.1	 �Introduction

Tuberculosis (TB) is caused by the pathogenic 
microorganism Mycobacterium tuberculosis. In 
spite of the fact that it is a highly prevalent infec-
tious disease in developing countries, it has 
already become a public health problem in devel-
oped countries as well due to increasing human 
immunodeficiency virus (HIV) epidemics and 
migration from third world countries [1]. 
Clinically, one of the most significant manifesta-
tions of TB is central nervous system (CNS) 
involvement, which accounts for 5–10% of extra-
pulmonary TB and 1% of all TB cases [2]. On the 
other hand, an even more unusual entity is brain-
stem tuberculoma, which constitutes approxi-
mately 2.5–8% of all intracranial tuberculomas 
[3, 4]. It is related with a high mortality rate and 
distressful level of neurological morbidity [2].

Immunosuppression, caused by either HIV 
infection or solid organ transplantation, is associated 
with increased susceptibility for acquiring or reacti-
vating TB and also has a negative impact on the 
proper clinical management of underlying immu-
nosuppression and CNS involvement by TB [5]. In 
this regard, the effect of HIV infection on TBC 
involves increased risk for acquisition of TB, rate of 
progression from latent to active disease, and sig-
nificant morbidity and mortality associated with TB 

[5–8]. Importantly, extrapulmonary manifestations 
occur in approximately in 40% of HIV-infected TB 
patients [5, 7]. Statistically, HIV-positive individu-
als with TB are five times more prone to suffer from 
CNS involvement compared with HIV-negative 
individuals [5, 6].

The brainstem, occupying the posterior cranial 
fossa, is a stalklike structure connecting the narrow 
spinal cord with the expanded cerebrum. It is made 
up of the medulla, the pons, and the midbrain (Fig. 
9.1). The main functions of the brainstem are serv-
ing as a channel for the ascending tracts and 
descending tracts which enables a connection 
between the spinal cord and higher cerebral cen-
ters, controlling the respiratory and cardiovascular 
system by means of the inherent reflex centers, 
regulating consciousness, and harboring the impor-
tant nuclei of cranial nerves III through XII [9].

Unfortunately, the proper diagnosis of CNS 
TB still remains a challenge because it still relies 
mainly on insensitive microbiological methods in 
spite of the fact that promising molecular diag-
nostic techniques have emerged recently [10]. 
Although scientific research has focused on clini-
cal manifestations of TB, several aspects of TB of 
CNS like the pathogenesis, diagnosis, treatment, 
and management have not been clarified [10].

Brainstem tuberculoma is very unusual and 
accounting for less than 5% of all intracranial TB 

Corpus
callosum

Interthalamic
adhesion

Midbrain

Colliculus

Aqueduct
of sylvius

Fourth ventricle

Cerebellum

Medulla
oblongata

Pons

Pituitary gland

Fig. 9.1  Surgical anatomy of the brainstem
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[11, 12]. Radiologically, the diagnosis of the 
entity may be challenging on conventional mag-
netic resonance imaging (MRI) as because of the 
similarity between its appearance and other rim-
enhancing lesions such as bacterial abscesses and 
central tumor necrosis. However, a lesion with a 
hypointense content on T2-weighted images, a 
hypointense rim on T1- and T2-weighted images, 
and marked contrast enhancement is known to be 
characteristic for caseating tuberculoma which 
may help differentiation from other rim-
enhancing lesions [11–14]. TB of CNS, the most 
dangerous form of extrapulmonary TB, can pres-
ent as tubercular meningitis (TBM), intracranial 
tuberculomas, and abscesses [15]. Intracranial 
tuberculoma may manifest either with meningitis 
or without any meningeal involvement. Notably, 
the vast majority of the tuberculomas are located 
in the supratentorial compartment in adulthood, 
and multiple tuberculomas are more common 
than the solitary form [15, 16].

9.2	 �Epidemiology

Any organ or tissue can be affected by TB, though 
the disease mainly involves the lungs. In countries 
with developed diagnostic and reporting facilities, 
extrapulmonary TB accounts for 20–25% of 
reported cases, whereas extrapulmonary disease 
without concurrent pulmonary involvement is 
seen in 14% of notified cases in 2007 [17].

TBM and intracranial tuberculomas, with vari-
able incidence in different countries, are the two 
frequent manifestations of CNS TB. On the other 
hand, brainstem tuberculomas comprising 2.5–8% 
of all intracranial tuberculomas are even more rare 
[3, 4]. According to World Health Organization 
(WHO) in 2005, the estimated annual number for 
new cases of active TB was 8 million, with an esti-
mated 1.6 million deaths per year [10, 18]. 
According to WHO estimates, the number of new 
TB cases occurring globally was 9.27 million 
(139/100,000 population) and 9.24 million 
(140/100,000 population) in 2007 and 2006, 
respectively [2]. As the overwhelming majority of 
new active TB cases are detected in underdevel-
oped and developing countries, the disease remains 
a worldwide concern [10, 18]. The demographic 
factors such as poverty, crowding, malnutrition, 

and a compromised immune system have a sub-
stantial role in the worldwide epidemic in 80% of 
new TB cases, and HIV is related with the disease 
in the remaining 20% of TB cases in sub-Saharan 
Africa [10, 18, 19]. As far as the total number of 
incident cases is concerned, the countries ranking 
first to fifth are India, China, Indonesia, Nigeria, 
and South Africa [2].

9.3	 �Pathogenesis

M. tuberculosis is an aerobic, nonmotile, 
nonspore-forming, acid-fast bacillus (AFB) that 
infects primarily humans. Its doubling time is 
quite long (15–20 h) and requires several weeks to 
grow on conventional Löwenstein-Jensen 
medium. There, it has tendency to grow in parallel 
groups, producing the colonial characteristic of 
serpentine cording [10]. Brainstem TB is second-
ary TB as TB of CNS. Pathophysiologically, M. 
tuberculosis infection occurs secondary to the 
inhalation of droplet nuclei containing the bacilli, 
which are eventually deposited in the lung alveoli. 
Once in the alveoli, the bacilli interact with alveo-
lar macrophages through a multitude of different 
receptors [10, 20–24]. Acquisition can also be 
occurred through ingestion and direct contact 
with denuded skin or mucosa. As soon as these 
innate immune cells are triggered, numerous 
cytokines and chemokines are released, a type 
1 T-helper cell-mediated immune response is acti-
vated, and this finally leads to the formation of a 
granuloma. Earlier, the bacilli are filtered into 
draining lymph nodes before the actual contain-
ment of the infection and M. tuberculosis dissemi-
nates to distant sites in the body through a 
low-level bacteremia [10, 25]. This hematogenous 
seeding involves most frequently highly oxygen-
ated regions of the body such as the brain [10]. TB 
bacilli are immobilized in end arteries, and this 
causes the formation of submeningeal TB foci, 
which may lead to various presentations of TB in 
turn. In tuberculoma, bacilli get lodged in the 
brain with rich blood supply. The formation of 
tuberculoma evokes secondary reaction which 
leads to the formation of a capsule [26].

The capacity to enter and replicate within mac-
rophages is a distinctive feature of M. tuberculosis. 
The microglial cells, which are the resident macro-

9  Brainstem Tuberculosis
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phages within the CNS, are the main target in the 
CNS as they are productively infected with M. 
tuberculosis [10, 27, 28]. TB of CNS starts with 
the development of small TB foci (Rich foci) in 
the brain, spinal cord, or meninges. The ultimate 
form of TB in CNS is determined by the location 
of these foci and the capacity to control them. TB 
of CNS manifests itself mainly as TBM and less 
commonly as tubercular encephalitis, intracranial 
tuberculoma, or a tubercular brain abscess (TBA) 

[10, 25]. In the brainstem, tuberculoma and TBA 
are common. Tubercular leptomeningitis can 
occur as a part of generalized TBM.

9.4	 �Pathology

Basic pathology of TB is chronic granulomatous 
inflammation forming caseating granuloma which 
is a foreign body type of giant cell granuloma 

b

a
Fig. 9.2  H&E staining of 
(a) TB granuloma and (b) 
caseation necrosis 
(Courtesy of N. Islam)

M.Z. Hossain et al.
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(Fig. 9.2). TB of CNS can occur in the form of 
TBM, tuberculoma in the brain, and TBA. In the 
brainstem, it can either be tuberculoma or abscess.

9.4.1	 �Tuberculoma

The formation of tuberculomas is considered to be 
associated with the enlargement of the tubercles in 
the brain parenchyma without rupturing into the 
subarachnoid space. As such, they often occur in 
the absence of TBM but certainly may occur along 
with TBM. They more commonly arise as solitary 
lesions, but multiple tuberculomas are seen. 
Tuberculomas of the brain show a typical granulo-
matous reaction consisting of epithelioid cells and 
giant cells mixed with predominantly lymphocytes 
around a central area of caseating necrosis. Any 
liquefaction of the central area of necrosis contains 
clear or straw-colored fluid, as opposed to pus [10, 
29]. According to MRI findings, three types of 
intracranial tuberculoma have been described: 
noncaseating, caseating with solid center, and 
caseating with liquid center (Fig. 9.3) [15]. In chil-
dren, lesions tend to be infratentorial, whereas in 
adults they are typically supratentorial [5, 30–33]. 

Tuberculomas can occur in both supratentorial and 
infratentorial locations involving the cerebrum, 
cerebellum, and brainstem (Fig. 9.4). In the brain-
stem, tuberculomas can occur in any part of it, but 
more common in pons (Table 9.1).

ba

Fig. 9.3  Axial cranial T1-weighted MRI image before (a) and after (b) gadolinium administration. There is a bulbar 
tuberculoma (arrow) with multiple others

Fig. 9.4  Contrast-enhanced MRI sagittal section shows 
tuberculoma of pons along with multiple tuberculomas 
throughout the brain

9  Brainstem Tuberculosis
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9.4.2	 �Tuberculous Brain Abscess

A rare manifestation of TB of CNS is brain 
abscess. The development of TBA is either from 
parenchymal TB granulomas or via the spread of 
TB foci in the meninges. It is characterized by an 
encapsulated collection of pus with viable bacilli 
lacking any evidence for the classic TB granu-
loma and must be differentiated from granuloma 
with central caseation and liquefaction mimicking 
pus [10, 29]. TBAs can arise as solitary or multi-
ple lesions [10, 51]. Morphologically, the wall of 
a TBA is much thicker compared to a pyogenic 
brain abscess [10, 29]. Histopathologically, the 
inflammatory reaction in the abscess wall is sug-
gested to be a predominantly vascular granulation 
tissue where acute and chronic inflammatory cells 
and bacilli are present in the pus or abscess wall 
[10, 51].

TBAs, with a diameter frequently greater than 
3  cm, tend to be larger than tuberculomas. 
Clinically, the presentation of TBA which includes 
fever, headache, and focal neurologic deficits is 
typically more acute than tuberculoma [5, 52]. 
The rate of TBAs among HIV-infected persons 
with TB was reported to be 20% [5, 53], whereas 
the rate was calculated as 4–7.5% for HIV-
negative patients with TB of CNS [5, 54] imply-
ing that TBAs may occur more frequently in 
HIV-infected people. The intracerebral response 
to TB bacilli may be inhibited by HIV-induced 
suppression of cell-mediated immunity, increas-
ing the likelihood of an abscess rather than a gran-
uloma formation [5, 53]. In patients with solid 
organ transplantation (SOT), abscess also seems 
to be a common manifestation of TB of CNS. In a 
review by Singh et al., TB abscess was noted to be 
present in 5 of 18 patients (28%) with TB of CNS 
after SOT [5, 8].

9.5	 �Clinical Features

Intracranial tuberculomas, being relatively rarely 
encountered compared to other types of TB, are 
morphologically tumorlike masses which are 
formed by tuberculous granulation tissue. 

Tuberculomas are frequently multiple, and they 
may show a mass effect when they are too big in 
size [1]. Clinically, the patients usually present 
with headache, seizures, papilledema, or other 
signs of increased intracranial pressure (IICP), and 
the clinical manifestations of tuberculoma or TBA 
depend largely on their location. In patients with 
tuberculomas, the symptoms develop usually in 
weeks to months. On the other hand, the onset of 
TBA with associated findings such as fever, head-
aches, and focal neurological deficits occurs 
within a period of 1 week to 3 months and is more 
acute compared to tuberculoma, whereas the onset 
is slower than pyogenic brain abscesses [10, 29].

TB is a systemic disease which can present 
with systemic features of TB as well as with the 
focal signs depending on the site of involvement. 
Accordingly, TB involving the brainstem can 
present with systemic features of TB like fever, 
malaise, night sweating, anorexia, weight loss, 
etc.; features of the focal involvement of the 
midbrain, pons, or medulla in the brainstem; or 
features of TBM. Also, it can manifest with the 
features of primary site of involvement like pul-
monary or lymph node TB. Additionally, it can 
present with features of concomitant involve-
ment of other sites of the brain, cerebrum, and 
cerebellum like seizure, focal sign and gait dis-
turbance, etc.

Clinically, the presenting findings for brain-
stem tuberculoma or abscess may be features of 
IICP or signs associated with focal involvement 
of long tracts such as hemiplegia or hemisensory 
deficit, involvement of cranial nerve nuclei caus-
ing findings related to cranial nerve palsy like dip-
lopia, gaze palsy, facial palsy, dysphagia, etc. The 
involvement or pressure over the reticular activat-
ing system patient may cause depressed level of 
consciousness. Tuberculoma of the upper brain-
stem involving mostly the midbrain causes the 
obstruction to the CSF flow leading to hydroceph-
alus in turn and presents various findings like 
headache, nausea and vomiting, visual impair-
ment, papilledema, and impaired consciousness.

A midbrain lesion may also present with dif-
ferent syndromes. In this regard, Weber’s syn-
drome presents with third cranial nerve palsy 
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with contralateral hemiparesis [55]. Benedict’s 
syndrome, on the other hand, presents with third 
cranial nerve palsy and contralateral hemiparesis 
without arm involvement where the patient suf-
fers from hyperkinesias, ataxia, and coarse inten-
tion tremor when the lesion involves the midbrain 
tegmentum with red nucleus [56].

A case of tuberculoma of pons presenting 
with numbness on entire left half of the face, 
scalp, tongue, and part of auricle and features 
suggesting trigeminal neuropathy were reported 
by Sharma et al. (2008) [43]. Later, another case 
with the involvement of the pons and midbrain 
by TBA presenting with headache, fever, diplo-
pia, weakness of all four limbs, and gait distur-
bance with bilateral sixth and seventh cranial 
nerve paresis (2014) was reported by Pragati and 
Phani [47]. Vinod et  al. (2013), on the other 
hand, reported a case with brainstem tubercu-
loma presenting with features suggestive of 
stroke such as slurring of speech, difficulty in 
swallowing, and weakness of all four limbs of 
sudden onset [46].

The clinical presentation of brainstem tuber-
culoma is variable. In this regard, different 
types of presentations have been reported in lit-
erature including one-and-a-half syndrome, 
mimicking glaucoma or glioma. Also, it has 
been reported to present with unilateral paraly-
sis of saccades, Millard-Gubler syndrome, iso-
lated bilateral ptosis, horizontal gaze palsy, 
myokymia and facial contracture, or Foville’s 
syndrome [46].

Brainstem tuberculomas are usually focal lesions 
causing focal neurological symptoms associated 
with the involvement of a cranial nerve nuclei and 
long tracts. TBM is frequently associated with a TB 
rhombencephalitis. Hydrocephalus with the pre-
senting findings of headache, vomiting, visual blur-
ring, gait disturbance, up-gaze palsy, and abducens 
nerve palsy may occur in case it causes obstruction 
to CSF flow [56].

Clinical presentation of tuberculoma may dif-
fer in HIV-infected individuals [5]. Interestingly, 
CNS tuberculoma after SOT may present up to 
11 years following the procedure [5, 57, 58]. In 
spite of the fact that immunosuppression and 

comorbidities probably complicate the presenta-
tion of posttransplantation CNS tuberculoma, the 
number of reported cases is too small to allow 
comment on potential differences in clinical pre-
sentation [5].

9.6	 �Diagnosis

Definitive diagnosis of TB of CNS depends on 
the detection of the TB bacilli in the CSF or the 
extraction of tissue from the lesion, either by 
smear examination or by bacterial culture. 
Beyond the diagnostic value of these methods, 
the significance of obtaining a culture is that it 
allows drug sensitivity testing by means of the 
growth of M. tuberculosis in culture, which can 
be crucial for appropriate drug selection and 
prognosis [10].

9.6.1	 �Microbiology

CSF findings are nonspecific, as smears for 
AFB are frequently negative in brainstem TB 
[34]. Unfortunately, traditional staining and 
culture remain relatively insensitive though it 
is considered to be important among various 
diagnostic methods used for TB of CNS, and 
this is suggested most likely to be due to the 
typical paucity of AFB in a clinical case with 
TB of CNS.  Standard staining techniques 
where stains like Ziehl-Neelsen, Kinyoun, or 
auramine-rhodamine applied to CSF samples 
have been estimated to allow the detection of 
approximately 100 AFB/ml of CSF [10, 59]. In 
several case series, CSF staining sensitivities 
of <20% have been reported [10, 60–62]. In 
some techniques, the clot that forms in stand-
ing CSF was stained and spinned down the 
CSF sediment onto a slide for microscopic 
examination. A sensitivity of 91% was reported 
with the use of the latter technique in 100 con-
secutive cases [10, 63]. Long ago, it was 
reported by Kennedy and Fallon that staining 
multiple samples of CSF enhanced the sensi-
tivity to 86% [64].
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9.6.2	 �Molecular and Biochemical 
Analysis

Among currently available molecularly based 
techniques are commercially available nucleic 
acid amplification (NAA) methods and other 
methods based on polymerase chain reaction 
(PCR), antibody detection, antigen detection, or 
chemical assays such as adenosine deaminase 
(ADA) and tuberculostearic acid measurements 
[2]. All these tests are mostly done from CSF and 
not very significant for tuberculoma and abscess 
if not associated with meningitis.

The diagnostic utility of a skin test positive for 
CNS TB ranges from 10–20% [2, 65] to 50% [2, 
66]. The performance of the tuberculin skin test 
for the diagnosis of TB varies according to age, 
vaccination with bacillus Calmette-Guérin 
(BCG), nutritional status, HIV infection, and 
technique of administration [2, 67].

ADA, being considered to be a marker of cell-
mediated immunity, is associated largely with 
lymphocytic proliferation and differentiation [2, 
10, 68]. The reported sensitivity and specificity 
for ADA in the CSF range from 44 to 100% and 
71 to 100%, respectively [2, 10, 69].

9.6.3	 �Radiological Evaluation

The diagnostic accuracy for TBM and tuberculo-
mas has been significantly improved with the use 
of cross-sectional imaging tools such as com-
puted tomography (CT) and MRI in neuroradiol-
ogy. Contrast-enhanced MRI is accepted to be 
superior to CT in detecting and assessing TB of 
CNS [10, 70–72] and is generally considered as 
the modality of choice. It is particularly useful 
for the assessment of the location and margins of 
the lesions as well as ventriculitis, meningitis, 
and spinal involvement (sensitivity 86%, speci-
ficity 90%) [2, 73].

Among the CT criteria for the diagnosis of TB 
of CNS, basal meningeal enhancement, ventricu-
lomegally, tuberculoma, and infarcts are sug-
gested by Kumar et  al. to be characteristics for 
distinguishing TB of CNS from pyogenic menin-
gitis [10, 74] (Fig. 9.5). On CT, tuberculomas are 

defined as low- or high-density, round, or lobu-
lated masses with irregular walls and show 
homogenous or ring enhancement after contrast 
administration (Fig. 9.6). They occur as solitary 
or multiple nodules [10, 75]. The “target sign” 
with a central nidus of calcification surrounded 
by a ring of enhancement was once considered to 
be pathognomonic finding for tuberculoma [10, 
70], despite being called into question recently 
[10, 76]. The radiological presentation of tuber-
culomas depends largely on whether the lesion is 
noncaseating, caseating with a solid center, or 
caseating with a liquid center, and the degree of 
edema surrounding the tuberculoma is consid-
ered to be inversely proportional to the age of the 
lesion [10, 70]. On MRI, tuberculoma is isoin-
tense to mildly hyperintense on T1-weighted and 
hypointense on T2-weighted image [43]. The 
radiographical response of tuberculoma to treat-
ment can usually be assessed within 4–6 weeks 
after the diagnosis. While new or enlarging tuber-
culoma may be detected in some patients on fol-
low-up CT or MRI studies despite undergoing 
adequate anti-TB chemotherapy, the degree of 
contrast enhancement may be a clue for the 
assessment of the activity of the lesion [10, 70]. 
Late radiographical changes for tuberculomas 

Fig. 9.5  Contrast-enhanced MRI of the brain in sagittal 
section shows pontine tuberculoma with basal meningeal 
enhancement
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include calcifications and local atrophy though 
no residual radiological abnormalities may be 
detected as well [10].

Other radiographic techniques such as mag-
netic resonance spectroscopy (MRS) have been 
shown to aid distinguishing tuberculoma from 
cysticercosis [10, 77], but the technique is of no 
help for making a distinction from non-Hodgkin’s 
lymphoma (NHL) of the CNS [10, 78]. MRS 
reveals raised lipid peak with reduced 
N-acetylaspartate and choline peak tuberculoma 
[43]. A large lipid, lactate peak has been used to 
specifically identify tuberculomas by MRS [2, 

79] (Fig. 9.7). Owing to the fact that TBAs can-
not be reliably differentiated from pyogenic 
abscesses with the use of radiological tools, they 
generally require surgical intervention for micro-
biological diagnosis [10]. All patients should 
have erythrocyte sedimentation rate and chest 
X-ray as part of the routine diagnostic assess-
ment and to look for primary focus of TB.

9.7	 �Differential Diagnosis

Brainstem tuberculoma can be confused with 
glioma, cysticercosis, lymphoma, metastasis, or 
nontuberculous pyogenic bacterial abscess. 
Radiologically, MRI with MRS can differentiate 
between tuberculoma or TBA and glioma. Any 
infective foci in the heart or lung or chronic sup-
purative otitis media or sinus infection hints in 
favor of pyogenic bacterial abscess. TBA is 
slower in onset than pyogenic bacterial abscess. 
Patient’s contact history, MRS, and radiological 
finding (absence of edema) can differentiate cys-
ticercosis from tuberculoma. Lymphoma can be 
differentiated from tuberculoma by stereotactic 
biopsy. But sometimes NHL may have peripheral 
lymphadenopathy which can be biopsied for his-
topathology to get an indirect evidence.

9.8	 �Treatment

9.8.1	 �Antituberculosis Drugs

Treatment of brainstem TB is mostly medical 
with anti-TB chemotherapy. Depending upon the 
treatment response and size of the tuberculoma 
or abscess, however, surgery may be needed.

Recently, WHO-recommended formulations 
of anti-TB drugs and fixed-dose combinations of 
drugs appear in the WHO Model List of Essential 
Medicines [17]. Recommended first-line anti-TB 
drugs are isoniazid (INH), rifampicin (RIF), pyra-
zinamide (PZA), ethambutol (EMB), and strepto-
mycin. In general, WHO recommends 6-month 
treatment regimen for all (pulmonary and extra-
pulmonary) cases of TB.  Nevertheless, some 

b

a

Fig. 9.6  Contrast-enhanced MRI showing homogeneous 
and ring-enhanced tuberculomas in the brainstem (a, b) 
along with basal meningeal enhancement (a)
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experts recommend 9–12  months of treatment 
[17]. According to the standard approach endorsed 
by Infectious Diseases Society of America, 
Centers for Disease Control and Prevention, and 
American Thoracic Society guidelines for TB of 
CNS, an initial 2-month induction therapy regi-
men including INH, RIF, PZA, and EMB is 
applied followed by the use of INH and RIF for 
7–10 additional months as maintenance therapy 
for an isolate which is sensitive to these agents. In 
cases with a mental status precluding oral intake, 
INH, RIF, and the second-line agents like amino-
glycosides, capreomycin, and fluoroquinolones 
are available in parenteral form [10]. In the litera-
ture, most tuberculomas have been reported to 
resolve with anti-TB chemotherapy (Table 9.1).

9.8.2	 �Role of Corticosteroids 
in Tuberculosis of Central 
Nervous System

Although the use of corticosteroids as adjunctive 
therapy for the treatment of TB of CNS dates back 
to the 1950s [10, 80], it still remains a controver-
sial issue. Initially, the main rationale behind the 

use of steroids was the reduction of inflammation 
within the subarachnoid space [10, 41]. However, 
routine use of adjunctive corticosteroids for all 
patients with tuberculomas without meningitis or 
with spinal cord TB is arguable, though they may 
be helpful in the presence of symptoms which 
cannot be controlled, or are worsening, on anti-
TB chemotherapy [2]. The use of dexamethasone 
at a dose of 4 mg every 6 h for weeks for a pre-
sumed paradoxical expansion of the CNS tuber-
culomas on anti-TB chemotherapy was reported 
by Mushira et  al. (2006), and the therapy was 
shown to improve the symptoms of ptosis and 
gaze palsy [41]. Importantly, the use of steroid 
therapy as an adjunctive therapy coupled with 
standard anti-TB chemotherapy in cases with TB 
of CNS has been endorsed by Infectious Diseases 
Society of America, Centers for Disease Control 
and Prevention, and American Thoracic Society 
guidelines [10, 81]. The recommended regimen is 
an initial dexamethasone dose of 8  mg/day for 
children weighing less than 25 kg and 12 mg/day 
for children weighing 25  kg dexamethasone or 
more and for adults [10, 41]. After an initial dose 
given for 3 weeks, the dose is decreased gradually 
during the following 3 weeks [10].

Fig. 9.7  MRS through 
a tuberculoma reveals 
raised lipid lactate peak 
with decreased NAA 
and choline peak in 
tuberculoma (Courtesy 
of Dr. Tariqul Islam, 
Consultant, Radiology, 
NINS, Dhaka)
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9.8.3	 �Surgical Treatment

Since the development of effective anti-TB che-
motherapy, surgery has been applied to cope with 
the serious complication of hydrocephalus, reduce 
the mass effect of tuberculomas, and drain brain 
abscesses [10]. Hydrocephalus and TBA of the 
brainstem necessitate urgent neurosurgical inter-
vention though early hydrocephalus, and TBA 
can be successfully treated by drugs alone [2]. 
TBA occurs in only 4–8% of patients with TB of 
CNS who do not have HIV infection, whereas it is 
seen in 20% of patients having HIV infection. The 
goal for surgical management of TBA is to reduce 
the size of the space-occupying lesion, diminish 
IICP in turn, and eradicate the pathogen [2]. 
Hydrocephalus is very common in case of brain-
stem tuberculoma or abscess, and it is mostly 
obstructive variety. In these situations, urgent ven-
triculoperitoneal shunt or endoscopic third ven-
triculostomy is needed. In emergency situation, 
external ventricular drainage may be given.

Most of the cases of tuberculomas in the 
brainstem respond to anti-TB chemotherapy and 
do not need surgery. Moreover surgery on the 
brainstem is risky. Most of the reported series and 
case reports show that tuberculomas resolve with 
anti-TB drugs alone or in combination with dexa-
methasone (Table 9.1) [1, 3, 4, 11, 32, 34–50]. 
But very large tuberculoma causing severe mass 
effect or paradoxical enlargement of tuberculoma 
or diagnostic dilemma needs surgical interven-
tion. Surgical excision is also recommended as a 
first-line management when the tuberculoma is 
superficial and easily accessible [45].

Large abscess and chronic abscess need surgi-
cal drainage or excision. Sometimes stereotactic 
biopsy can also be done for tissue diagnosis in 
case of smaller and confusing lesions.

9.8.4	 �Surgical Approaches

Surgical approaches to the brainstem are mostly 
through midline suboccipital craniotomy/crani-
ectomy followed by transvermian or telovelar 
approach. The midbrain can also be approached 
by supracerebellar infratentorial route. If the 
lesion is laterally placed, it can be approached 

laterally by lateral suboccipital craniotomy/cra-
niectomy. Anteriorly placed lesions can be 
approached through fronto-orbito-zygomatic 
approach. Nowadays minimally invasive surgery 
is becoming popular. Endonasal endoscopic 
approach to the brainstem is an alternate approach 
for anteriorly placed tuberculoma or TBA.

9.9	 �Outcome and Follow-Up

The morbidity and mortality associated with TB 
of CNS are highly dependent on the stage of dis-
ease at diagnosis, and early diagnosis and treat-
ment are correlated with better outcomes, as 
expected [82]. In immunocompetent patients, 
worse outcome of TBM has a correlation with a 
greater degree of neurologic impairment at pre-
sentation [5, 10, 64, 83] and with the presence of 
hydrocephalus [5, 84, 85]. In most studies, higher 
mortality rates up to 65% have been reported in 
HIV-infected patients [5, 83–87]. Among the fac-
tors associated with poor prognosis for TBM in 
HIV-infected patients are severe illness at presen-
tation, CD4 cell count <50 cells/μL, and presence 
of MDR strains [5, 83, 88]. The mortality rate for 
tuberculoma is <10% with appropriate anti-TB 
chemotherapy [5, 52]. However, clinical improve-
ment is usually delayed so as to occur ≥3 months 
after the onset of treatment [5, 89]. In a small 
case series of tuberculoma in HIV-infected and 
HIV-uninfected patients, mortality rates were 
reported to be similar in both groups [5, 90].

All the patients should be followed up 4–6 weeks 
after initiation of treatment by CT or MRI and then 
at regular intervals. The author likes to have an 
MRI after 4  weeks of treatment and then at 
3 months interval and at 6 months interval.

�Conclusion

Brainstem TB is a devastating form of TB of 
CNS, but with rare incidence. Approximately 
1% of all TB cases are TB of CNS, among 
them only 2.5–8% are brainstem TB.  Today, 
BCG vaccine is routinely used against TB in 
countries where the disease is present. It is dif-
ficult to diagnose as clinical features and 
hematological and CSF findings are not 
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specific for brainstem TB. Radiological find-
ings are also not always specific for brainstem 
tuberculoma or abscess. Confirmatory diagno-
sis of TB depends upon the isolation of AFB 
from the tissue and from the lesion by acid-fast 
staining or culture, but it is difficult to have the 
tissue from the brainstem. In most of the cases 
considering clinical parameters, CSF bio-
chemical and molecular analysis (NAA and 
PCR), hematological findings, and radiologi-
cal (contrast-enhanced CT and MRI) features 
in the brainstem along with contact history, the 
presence of any other site TB, and social con-
text, diagnosis of brainstem TB is made. 
Anti-TB chemotherapy is the mainstay of 
treatment along with corticosteroids in some 
cases. Most of the cases improve with medical 
treatment only. Surgical intervention is needed 
in some cases of large tuberculoma, TBA, 
acute or chronic hydrocephalus, lesions not 
responding to medical treatment alone, or neu-
rological deterioration after starting anti-TB 
chemotherapy.
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Abbreviations

BBB	 Blood-brain barrier
BCSB	 Blood-cerebrospinal barrier
CNS	 Central nervous system
CSF	 Cerebrospinal fluid
CT	 Computed tomography
ETH	 Ethambutol
IICP	 Increased intracranial pressure
INH	 Isoniazid
MRI	 Magnetic resonance imaging
PCR	 Polymerase chain reaction
PZA	 Pyrazinamide
QFT	 QuantiFERON
RIF	 Rifampicin
STR	 Streptomycin
TB	 Tuberculosis
TBM	 Tuberculous meningitis
WHO	 World Health Organization

10.1	 �Introduction

Tuberculosis (TB) still represents one of the main 
devastating diseases throughout the world, espe-
cially in the developing countries [1]. Most com-
monly it involves the lungs. However, the central 
nervous system (CNS) involvement is the most 
severe form of systemic TB due to its high mor-
bidity and mortality rates [2].

Intraventricular tuberculoma represents a rare 
location of CNS TB. It is usually associated with 
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systemic involvement, multiple cerebral tuber-
culomas, and/or meningitis [3]. Solitary intra-
ventricular tuberculoma is extremely rare. To 
date, around 20 cases of intraventricular tuber-
culomas have been reported in the literature 
[4–6]. The majority of them were described in 
the lateral ventricles. Four cases were reported 
in the third ventricle [6–9], and only one case of 
fourth ventricular tuberculoma was published in 
the literature [10]. Table 10.1 summarizes intra-
ventricular tuberculoma cases published in the 
indexed literature.

Because of the rarity and nonspecific clinical 
symptoms and imaging features of intraventricu-
lar tuberculoma, a preoperative diagnosis of these 
lesions is challenging, especially in countries 
where TB is not endemic. Therefore, a high index 
of suspicion is essential for the diagnosis since it 
is still a curable disease with a good prognosis if 
appropriately treated.

10.2	 �Pathophysiology

The CNS involvement comprises roughly 5–10% 
of all TB infections and up to 20% of patients with 
acquired immunodeficiency syndrome-related TB 
[11–13]. Ventricular involvement in neuro-TB is 
quite rare, probably due to the specific immune 
response of cerebrospinal fluid (CSF).

The exact route of entry of tubercle bacilli into 
the ventricles is controversial. Hematogenous 
spread through the choroid plexus appears to be 
the most likely mechanism [3]. Ventricular 
involvement in the TB process occurs in many 
forms like choroid plexus inflammation, ependy-
mitis, tubercles (Rich foci), tuberculomas, TB 
abscess, and asymmetric hydrocephalus second-
ary to intraventricular adhesions or septa forma-
tion [3, 14–18].

Given that about 20% of the systemic blood 
flow is allocated to the CNS, experimental mod-
els have demonstrated that the blood flow allo-
cated to the choroid plexus could be three to six 
times more than the parenchymal flow. Despite 
the presence of an efficient and almost imperme-
able protection system, the ventricular system 
is vulnerable to chemicals and pathogens espe-

cially after long-term contact with the body. In 
the brain parenchyma, this protection is ensured 
by the blood-brain barrier (BBB), while at the 
ventricular level, it is guaranteed by the blood-
cerebrospinal barrier (BCSB).

The BCSB is primarily composed of epithe-
lial cells located in the four choroid plexuses 
(lateral ventricles, third, and fourth ventricles) 
and endothelial cells forming the subarachnoid 
veins and venules. In comparison with the BBB, 
the BCSB has tighter junctions offering better 
and stricter transcystosis, thus giving the CSF 
permanent sterility and electrolyte balance. In 
addition, the choroid plexus offers an important 
exchange interface between the CSF and the cir-
culatory system which makes it theoretically the 
ideal site for pathogenic agents to reach the CSF 
[15, 19, 20].

The mechanism by which Mycobacterium 
tuberculosis passes through the BCSB is 
unknown but could be largely attributed to the 
interaction between the host immune response 
and the virulence of the mycobacterium strains 
[21]. Theoretically, M. tuberculosis can cross the 
BCSB either as an intracellular microorganism 
inside an infected macrophage (Trojan horse 
mechanism) or by a simple phenomenon of tran-
scystosis and/or paracellular traversal (primary 
infection especially in children) [22].

Study findings of Arnold and Rich Howard 
McCordock in 1933 coupled with results of 
Dastur in 1968 showed that autopsy of patients 
with tuberculous meningitis (TBM) demon-
strated granulomatous foci called tubercles or 
“Rich Foci” [19, 20]. These millimetric lesions 
would usually rupture into the subarachnoid 
space and release the pathogen into the CSF 
causing TBM.  Exceptionally, these tubercles 
may grow and fuse giving rise to intraventricular 
tuberculomas.

Mature tuberculoma generally consists of a 
necrotic caseous center surrounded by a capsule 
comprising fibroblasts, epithelioid cells, 
Langhans giant cells, and lymphocytes [19, 23]. 
Ventricular tuberculoma can be located in the 
choroid plexus, septum pellucidum, or ependy-
mal layer triggering an inflammatory reaction in 
the surrounding tissue.
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10.3	 �Clinical Presentation

There are no specific symptoms for intraventricu-
lar tuberculomas [17]. Clinical features may 
include signs of increased intracranial pressure 
(IICP) (headache/vomiting/visual symptoms), 
seizures, and/or focal neurological deficits 
depending on the number of lesions, their location 
in the ventricular system, and their relationship 
with the surrounding affected cerebral regions.

Intraventricular tuberculoma may also be 
asymptomatic or accidentally discovered in brain 
imaging upon screening for systemic multivis-
ceral TB. In many cases, the lesions are inciden-
tally picked up in the setting of multiple cerebral 
parenchymal tuberculoma. Around 30% of cases 
have evidence of extracranial TB [24].

10.4	 �Diagnosis

There are no pathognomonic radiological signs 
for tuberculoma. The confirmation is only made 
by histopathological study of the lesion. This 

typically shows a necrotic caseous center sur-
rounded by a capsule composed of fibroblasts, 
epithelioid cells, Langhans giant cells, and lym-
phocytes [25].

The radiological characteristics of tubercu-
loma vary according to their evolutionary stage 
[20]. The radiological signs are not specific of 
tuberculoma and can mimic other expansive 
intraventricular lesions such as plexus choroid 
tumor, glioma, or metastasis. Nevertheless, the 
peripheral enhancement of contrast, the central 
necrosis, the presence of a disproportionate 
edema, and traction of the septum pellucidum 
with asymmetrical dilatation of lateral ventricles 
are all suggestive of intraventricular tuberculo-
mas [3, 6] (Figs. 10.1 and 10.2).

Brain MRI is the tool of choice as it gives the 
exact location of the lesion, as well as its size, its 
signal, and the intensity of contrast enhancement. 
It also searches associated lesions, edema, and 
hydrocephalus. Radiological findings depend on 
the maturity of tuberculoma in which we have to 
distinguish between noncaseating granuloma and 
caseating lesions with a solid or a liquid center. 

ba

Fig. 10.1  Cerebral axial CT scan (a) and T1-enhanced MRI (b) demonstrating right intraventricular tuberculoma in a 
context of multiple cerebral tuberculomas (Courtesy of Ali Akhaddar M.D.)
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The degree of the surrounding edema is variable 
and is thought to be inversely proportional to the 
maturity of the lesion [20, 21]. Moreover, Santy 
et  al. have recommended that magnetic reso-
nance spectroscopy may increase the specificity 
of tuberculoma diagnosis by identifying lipids 
within the lesion [26].

Considering the rarity of intraventricular 
tuberculomas, the preoperative diagnosis of 

these lesions is very challenging because there 
are no specific clinical/radiologic symptoms. 
Nevertheless, various factors should arouse the 
clinical suspicion of this affection, particularly in 
countries where TB is endemic. Poor socioeco-
nomic state of the patient, moderate fever, high 
erythrocyte sedimentation rate, positive Mantoux 
test, and presence of TB elsewhere in the body 
are all presumptive indicators of TB.

Some authors suggest also the use of both 
QuantiFERON test (QFT) and polymerase chain 
reaction (PCR) to resolve diagnosis difficulties in 
intracranial tuberculomas. Indeed, QFT does not 
generate false-positive reactions in patients vacci-
nated by bacillus Calmette-Guérin and has high 
sensitivity (86%) and specificity (97.9%) for TB 
[27]. Additionally, PCR might be useful to detect 
TB using either CSF or patient sputum samples 
with variable reported sensitivity and specificity 
[28].

10.5	 �Treatment

TB of CNS is a curable disease with appropriate 
treatment. Its treatment of choice remains conser-
vative and provides a good control of the disease 
in most cases [5, 29].

Traditionally, anti-TB treatment associates 
four essential TB drugs of the first class: iso-
niazid (INH), rifampicin (RIF), pyrazinamide 
(PZA), and ethambutol (ETH); in some cases 
streptomycin (STR) can replace ETH.  Drugs 
should be administered orally in the morning on 
an empty stomach 1 h before meal. STR, a bacte-
ricidal antibiotic, was the first effective treatment 
for TB. As recommended by the WHO, standard 
treatment of TB consists of a 2-month induction 
phase with RIF, INH, PZA, and ETH, followed 
by a consolidation phase using at least INH and 
RIF [30]. The duration of medical treatment is at 
least 6 months [31].

Although the medical regimen is the corner-
stone of treatment, the surgical treatment is still 
used in brain tuberculoma management. Shunting 
procedures such as ventriculoperitoneal shunting 
or third ventriculostomy could be sometimes 
required to treat hydrocephalus caused by intra-
ventricular tuberculoma.

b

a

Fig. 10.2  Cerebral MRI in contrast sagittal T1 (a) and 
coronal T2 (b) views showing a fourth ventricular tuber-
culoma with an important perilesional edema
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Stereotactic or burr-hole biopsy via ventricular 
endoscopy may be discussed in cases of isolated 
intraventricular lesions with no associated sys-
temic TB [5]. Besides, surgical intervention has 
to be considered in cases of uncontrolled IICP 
induced by the lesion itself or by the associated 
obstructive hydrocephalus [5]. Surgery is also rec-
ommended for a definitive histological diagnosis 
of the lesion in cases of huge ventricular lesions 
with unknown history of TB and after 6 weeks of 
poor response to anti-TB treatment [32–34].

Follow-up radiological examinations (CT 
scan or MRI) are valuable in monitoring the 
response to medical treatment. Paradoxical 
enlargement of a preexisting tuberculoma or the 
appearance of new CNS tuberculoma lesions in 
patients receiving anti-TB chemotherapy may be 
occasionally seen [35]. However, with continua-
tion of adequate treatment, resolution of tubercu-
loma usually happens [36, 37].

Conclusion

TB remains a major worldwide health prob-
lem and a potentially life-threatening dis-
ease. Most commonly it involves the lungs. 
However, CNS location is the most serious 
form of the disease. The ventricular location 
of tuberculoma in the brain is extremely rare. 
Clinical and radiologic manifestations of this 
affection are miscellaneous and might be 
misdiagnosed as other infectious or tumoral 
brain lesions, especially in the absence of 
other brain or systemic TB lesions. Hence, 
clinicians should be aware of a potential CNS 
ventricular involvement in TB. This diagno-
sis should be kept in mind especially in the 
presence of atypical solitary lesions in the 
brain ventricular system in order to reduce 
the morbidity and mortality of this curable 
affection.
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11.1	 �Introduction

Central nervous system (CNS) tuberculosis (TB) 
is a serious form of extrapulmonary TB, occur-
ring among approximately 10% of all patients 
with TB.  Intracranial tuberculomas account for 
0.15–4% of intracranial space-occupying lesions 
[1, 2]. In developing countries, tuberculomas 
constituted up to 30% of space-occupying intra-
cranial lesions until recently. However, the inci-
dence has dramatically decreased after the advent 
of anti-TB chemotherapy.

11.2	 �Pathogenesis

The pathway for spread of Mycobacterium tuber-
culosis to this region is unclear; either hematoge-
nous spread or continuous extension from a local 
TB infection of the paranasal sinuses has been 
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proposed [3]. In some patients, the primary focus 
cannot be demonstrated. It has been reported that 
intracranial tuberculomas can develop or enlarge 
during anti-TB therapy where exaggerated host 
reaction to TB protein is thought to play a role [4]. 
Pituitary involvement in TB infection may be sec-
ondary to tuberculous meningitis (TBM) [5]. 
Sharma et al. reported that history or existing TB 
infection elsewhere in the body was present only 
in 30% of patients. This observation was based in 
a review on 18 cases of sellar tuberculomas [6].

11.3	 �Clinical Features

TB of CNS can present as meningitis, arachnoidi-
tis, or spinal or intracranial tuberculomas [7]. 
Tuberculoma of CNS might occur at any site and 
in any age group; however, sellar and suprasellar 
regions are not the usual sites of tuberculomas. 
The first reported case of a sellar tuberculoma was 
by Coleman in 1940 [8]. Most of the literature 
data on sellar tuberculomas unsurprisingly largely 
arises from the Indian subcontinent and other 
developing countries. Tuberculomas of the sellar 
and suprasellar regions comprise 1% of all intra-
cranial tuberculomas; a review of literature reveals 
77 cases [2, 9–11], which includes two cases 
reported by us [10]. Most of the reported patients 
are females with headache and visual symptoms 
as the most frequent complaints [6, 12]. Headache 
is present in more than 90% patients and visual 
symptoms in more than 46%. Headache is 
reported as throbbing and severe in most patients. 
Visual disturbances in the form of visual field 
cuts, diminution of visual acuity, diplopia, mydri-
asis, and blurred vision are common [9].

Specific cause of headache in pituitary tuber-
culomas is attributed to the associated meningitic 
process or infarction caused by inflammatory 
vasculitis or secondary to the dural stretch [13]. 
Fever is present in patients who are usually less 
than 12 years of age while as it is much less fre-
quent in adult patients [4]. More than 80% of 
affected individuals are less than 45 years of age, 
mean age of 32 years (range of 5–68 years) with 
a female-to-male ratio of 2.2:1 (53 females, 24 
males) (Table 11.1). Retrosellar extension of sel-

lar tuberculomas can cause cranial nerve palsies, 
hemiparesis, and cerebellar signs resulting from 
brainstem and peduncular compression [13].

Patients may present with anterior pituitary 
hormone deficiencies, central diabetes insipidus 
at onset, and hypogonadism secondary to low 
levels of GH, FSH/LH, TSH, and ACTH defi-
ciencies. About 60% of patients have complete 
anterior panhypopituitarism, and 28% had cen-
tral diabetes insipidus as initial presentation [21]. 
Another frequent finding is raised prolactin levels 
due to pituitary stalk effect [20].

Hemorrhage in a sellar tuberculoma is 
extremely rare, with only three case reports in the 
literature. Such patients present with the classical 
features of pituitary apoplexy. They report with 
acute onset headache, vomiting, and sometimes 
with altered sensorium. Oculomotor nerve palsy 
may also be a feature. Besides, acute visual dimi-
nution is almost invariably noticed. The mecha-
nism is supposed to be secondary to vasculitis. 
All these symptoms may have a subacute onset 
also which could be secondary to repeated small 
hemorrhages within the granuloma [22].

Interestingly, moyamoya phenomenon also 
has been described in association with suprasel-
lar tuberculoma [11] recently in an 8-year-old 
boy who presented with headache and visual 
diminution. In this patient digital subtraction 
angiography showed complete occlusion of the 
left internal carotid artery distal to posterior com-
municating artery and formation of some moy-
amoya collaterals. Bilateral anterior cerebral 
arteries were filling from the right A2. On exter-
nal carotid artery injection, the entire cerebral 
circulation was supplied by multiple dural collat-
erals, mainly from the middle meningeal artery.

11.4	 �Imaging

Tuberculomas appear on imaging as round or 
oval nodules varying in size from 2 to 12 mm. 
Sometimes the central necrosis may result in 
ring-enhancing appearance on contrast imaging. 
On magnetic resonance imaging (MRI), tubercu-
lomas are usually hypointense on T1-weighted 
images and iso- to hyperintense on T2-weighted 
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images with perilesional edema. The enhancement 
in intracranial tuberculomas may reveal solid-
enhancing lesions, ring-enhancing lesions, or/
and mixed-enhancing lesions [15, 16, 23]. MRI 
may also depict thickening of pituitary stalk in 
pituitary tuberculomas which is a nonspecific 
sign seen in other non-TB conditions, such as 
sarcoidosis, Wegner’s granulomatosis, and lym-
phocytic hypophysitis [10, 24–26].

There are five major radiological types of sel-
lar/suprasellar tuberculomas:

Type A  – sellar/suprasellar tuberculomas with 
hydrocephalus due to obstruction at the level 
of the third ventricle. Such patients usually 
present with signs of increased intracranial 
pressure (IICP) and visual diminution.

Type B  – multiple coalescing sellar-suprasellar 
ring-enhancing tuberculomas with mild per-
ilesional edema which may involve the hypo-
thalamus. There usually is no hydrocephalus.

Type C – intrasellar abscess.
Type D – pachymeningitis with suprasellar exten-

sion. MRI reveals markedly enhancing tissue 
layering the supra- and infratentorial surfaces 
of the tentorium. There also may be extension 
of the granulation tissue into the brain stem 
and upper cervical cord.

Type E  – enhancing granulation tissue eroding 
into the clivus with extension into the sphenoi-
dal and ethmoidal sinuses and the sella [19].

The sellar mass lesions must be differentiated 
from inflammatory lesions such as lymphocytic 
or granulomatous hypophysitis, sarcoidosis, and 
Langerhans cell histiocytosis and from neoplasms 
such as astrocytoma, lymphoma, metastasis, germ 
cell tumor, and meningioma. The ring-enhancing 
lesions must be especially distinguished from 
neurocysticercosis and abscess. The differential 
diagnosis also includes several clinical entities 
with a clinicoradiological picture of pachymenin-
gitis such as lymphoma, leukemia, sarcoidosis, 
and idiopathic pachymeningitis. Skull base tuber-
culoma may have similar appearance with clival 
chordomas, chondromas, giant cell tumors of the 
sphenoid, adenoid cystic carcinoma, and fungal 
granuloma [10, 16]. Magnetic resonance spec-

troscopy of a tuberculoma shows prominent lipid 
peaks at 0.9, 1.3, 2.0, and 2.8 ppm and for phos-
phoserine at 3.7 ppm. An increase in the normal-
ized choline/creatinine ratio is also found. The 
lipid resonances occur due to the presence of 
methylene and terminal methyl groups on fatty 
acids found in the caseous material in the center 
of tuberculomas; however a similar pattern may, 
however, also be observed in patients with toxo-
plasmosis and primary CNS lymphoma [27].

11.5	 �Management Options

There has been no agreement on the duration of 
treatment for TB of CNS, which is partly because 
of the numerous variables that may have an impact 
on therapeutic response. The American Thoracic 
Society and the Centers for Disease Control and 
Prevention recommend that treatment for TBM, 
intracranial tuberculomas, or tuberculomas with 
meningitis should be administered for 12 months 
when the bacterial strain is sensitive to the antibi-
otics. They also recommend that treatment should 
be extended to 18 months for patients who do not 
receive pyrazinamide during the first 2 months of 
therapy, whereas the therapy should be extended 
to 24 months for patients with multidrug resis-
tance (MDR)-TB of the CNS [28].

In case of residual lesion, anti-TB therapy is to 
be continued beyond this initial period. Steroid 
administration during the first 2 weeks is used to 
decrease inflammation and adhesions around the 
optic nerve in patients presenting with rapid visual 
deterioration [10]. Patients presenting with defi-
nite systemic manifestations of TB such as 
chronic cough, weight loss, malaise, evening 
fever or night sweats, and residing in endemic 
areas, with a positive history of TB or with pro-
longed contact with a patient suffering from TB, 
can undergo anti-TB chemotherapy without any 
histopathological confirmation for the diagnosis. 
Also, a raised erythrocyte sedimentation rate, flu-
orescein microscopy, mycobacterial DNA ampli-
fication, and enzyme-linked immunosorbent 
assay for immunoglobulins against TB may be 
considered as further evidence to diagnose a TB 
infection [6]. Mantoux positivity in an endemic 
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area such as the Indian subcontinent is not 
accepted to be diagnostic because of the high rate 
of false positivity. The significant clinical response 
to anti-TB chemotherapy within the time frame of 
6 to 12 weeks establishes the diagnosis [7, 19].

Tuberculomas in the sellar-suprasellar region 
may be resistant to anti-TB therapy which can be 
challenging to the treating physician. Two cases 
of MDR-tuberculomas in the sellar/suprasellar 
region have been reported by us previously. Both 
the cases were of pediatric age group who devel-
oped the tuberculomas, while being treated for 
TBM [10] (Fig. 11.1). MDR-TB has been defined 
by the World Health Organization as resistant to 
isoniazid (INH) and rifampicin (RIF) [29]. About 
50% of cases with MDR-TB are encountered in 
China and India [10]. It has been noted by Farnial 
et al. that drug-resistant strains of M. tuberculosis 
have asymmetric Y- and V-branching-type cell 
types on atomic force microscopy, whereas drug-
sensitive strains have more symmetric cell types 
[30]. The genetic basis of drug resistance has 
been linked to catalase-peroxidase gene (kat G) 
and inhA gene for INH resistance, the rpoB gene, 
which encodes the RNA polymerase beta subunit 
in RIF resistance. In a similar fashion, mutation 
in the rrs gene causes resistance to second-line 
anti-TB therapy drugs such as amikacin, kana-
mycin, and capreomycin [10].

In case of treated cases of tuberculomas, we 
can follow up the patients radiologically. The 
histopathological evaluation may be the only 
means for verifying the true nature of the resid-
ual contrast-enhancing lesions. This approach 
is clinically impractical, because such patients 
are asymptomatic, and it would be inappropri-
ate to suggest an invasive procedure such as a 
biopsy. Therefore, the issue of whether to con-
tinue anti-TB chemotherapy for patients with 
contrast-enhancing residual lesions is difficult 
to resolve. However, the presence of clinical 
features consistent with an active lesion, such 
as headaches, progressive focal deficits, and 
possibly seizures, and the presence of perile-
sional edema or the appearance of new lesions 
on computed tomography scans imply active 
disease and the need for continuing medication 
[31]. Therefore, total surgical excision should 

be considered for tuberculomas in noneloquent 
and accessible regions of the brain, especially if 
they are solitary or persist after the application 
of anti-TB therapy for a reasonable period. 
However, total excision should not be consid-
ered in cases where it is likely to result in addi-
tional neurological morbidity. The preferred 
prophylactic anticonvulsants following tran-
scranial surgery is carbamazepine or phenobar-
bitone, which are less hepatotoxic than other 
anticonvulsants drugs and therefore do not 
worsen the hepatotoxic effect of the first-line 
anti-TB chemotherapy [19].

The main challenge for the management of 
sellar/suprasellar tuberculomas is the lack of any 
single specific imaging sign which may preclude 
a preoperative diagnosis. Most patients require 
surgery which offers immediate decompression 
of the optic apparatus and provides tissue sam-
ples for histopathologic examination as well. 
Technically, the transsphenoidal corridor is the 
approach of choice as it is the least-invasive 
approach for sellar lesions. This route obviates 
the chance of cerebrospinal fluid (CSF) contami-
nation, which is a risk with the transcranial 
approach. Nevertheless, suprasellar extension of 
the lesion warrants a transcranial approach [14, 
17, 32]. The lesion is usually yellowish or gray-
ish, firm, avascular to moderately vascular, and 
relatively non-suckable [18].

In patients with a significant suprasellar com-
ponent, a transylvian, subfrontal approach is a 
good option. The infiltrative spread of the TB 
granulation usually prevents enlargement of the 
sella though sellar and suprasellar component is 
significant. Thus, accessing the suprasellar com-
ponent in order to attain adequate optic nerve 
decompression in patients with rapidly decreas-
ing vision may be challenging with the transs-
phenoidal approach. Not infrequently, stereotactic 
or an endoscopic endonasal transsphenoidal 
biopsy of the lesion may be essential to confirm 
the diagnosis of tuberculoma. An endoscopic 
third ventriculostomy may be difficult in patients 
with associated hydrocephalus because of the 
opalescent ventricular CSF, the thickened third 
ventricular floor related to ventricular ependymi-
tis, and the obstruction of CSF pathway at the 
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a

Fig. 11.1  MRI brain demonstrates enhancing tuberculoma in sellar-suprasellar area with extension medially along the 
temporal lobes, axial (a), coronal (b), and retroclival area (c) and evidence of severe pachymeningitis (d)
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subarachnoid cisternal and arachnoid granulation 
at the superior sagittal sinus level [19].

11.6	 �Histopathological Features

The histopathological features of a central caseat-
ing necrosis surrounded by lymphocytes, plasma 
cells, and Langerhans giant cells suggest the diag-
nosis of TB.  Histologically, TB, sarcoidosis, 
mycotic infection, hypophysitis secondary to rup-
tured intrasellar Rathke’s cleft cyst, and idiopathic 
causes should be considered in the differential 
diagnosis of granulomatous hypophysitis. Also, 
the infiltration of hypophysis with histiocytes may 
be seen in histiocytosis X, if the pituitary paren-
chyma is involved by the disease. A central area 
of caseous necrosis with surrounding epithelioid 
cells, macrophages, lymphocytes, and plasma 
cells is a characteristic for granulomas in 
TB. Caseation is diagnostic of TB. The presence 

of acid-fast bacilli has also been reported though 
in very few cases [33] (Fig. 11.2).

�Conclusion

The differential diagnosis of sellar lesions 
should include TB, especially if contrast 
enhancement and thickening of sphenoid 
sinus mucosa or pituitary stalk is encountered 
in patients from TB endemic areas. Most of 
these patients are negative for workup for sys-
temic  TB.  There may be five radiological 
manifestations of sellar-suprasellar tuberculo-
mas which include a mass lesion, multiple 
coalescing ring lesions, intrasellar abscess, 
skull base lesion, or pachymeningitis with 
extension to the sellar-suprasellar region. 
Surgery is useful in establishing the histologi-
cal diagnosis of TB after which anti-TB che-
motherapy may be instituted. Short-term 
steroid therapy under cover of anti-TB therapy 
may aid in decreasing edema and adhesions 

Fig. 11.2  Hematoxylin 
and eosin (HE ×20) 
photomicrograph showing 
Langhans-type giant cells 
with epithelioid cell 
granulomas
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around the optic nerve in patients with rapidly 
deteriorating vision and for lessening the 
symptoms related to IICP in patients with 
intracerebral tuberculomas. Overall prognosis 
is excellent. MDR-tuberculomas also have 
been reported in the literature involving the 
sellar/suprasellar region. Surgically, a decom-
pression for biopsy alone should be performed 
after an intraoperative frozen section biopsy is 
reported to be consistent with inflammatory 
pathology. We do not advise radical decom-
pression of these lesions as anti-TB treatment 
is sufficient for cure.
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Abbreviations

CNS	 Central nervous system
ACA	 Anterior cerebral artery
CSF	 Cerebrospinal fluid
CT	 Computed tomography
ICA	 Internal carotid artery
MCA	 Middle cerebral artery
MMP	 Matrix metalloproteinase
MRA	 Magnetic resonance angiography
MRI	 Magnetic resonance imaging
MRV	 Magnetic resonance venography
PCA	 Posterior cerebral artery
SPECT	� Single photon emission computed tomog­

raphy
TB	 Tuberculosis
TBM	 Tuberculous meningitis
TCD	 Transcranial Doppler
WHO	 World Health Organization

12.1	 �Introduction

Tuberculosis (TB) may be regarded as a true 
ancient disease with its root as deep as the known 
civilizations. In one of the earliest molecular doc­
umentations, it has been traced back to at least 
9000  years from the bone samples at the Atlit 
Yam site in the eastern Mediterranean [1]. TB is 
such a public health problem that World Health 
Organization has decided to revise its policy from 
the earlier “Stop TB” strategy to an “End TB” 
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strategy [2]. Among different types of extrapul­
monary TB, tuberculous meningitis (TBM) is the 
most deadly form, whose vascular complications 
are responsible, for most part, for the morbidity 
and mortality observed in patients.

12.2	 �Historical Aspects

The credit of the earliest description of vascular 
pathology in patients showing miliary tubercles 
in the pia mater goes to Dr. Eduard Rindfleisch 
who in 1862 described the affliction and the pos­
sible pathophysiology [3]. Another publication in 
German by Baumgarten in 1881 supported the 
involvement of vessels of the pia mater in such 
patients [4]. In the English literature, Hektoen in 
1896 gave an excellent description of vascular 
changes, focusing on the endarteritis, in patients 
with TBM [5]. In a series of four patients, Greitz 
gave the initial description of carotid and verte­
bral angiographic changes in patients with TBM 
[6]. He demonstrated that constrictions were 
most often evident at the level of intradural 
carotid siphon, followed by the proximal parts of 
anterior cerebral arteries (ACAs) and middle 
cerebral arteries (MCAs) [6].

12.3	 �Epidemiology

Among the vascular complications of TBM, isch­
emic lesions (infarcts) have been observed more 
commonly than hemorrhagic lesions. Moyamoya-
like pathology and the presence of subarachnoid 
hemorrhages are uncommon, while the co-
occurrence of aneurysm, causal or incidental, is 
rare; this information, thus, exists either in isolation 
or in small case series. It is imperative to under­
stand that the frequency of radiological detection of 
vascular lesions would always lie on the higher side 
in comparison to clinical features since not all vas­
cular lesions would have a clinical correlate.

12.3.1	 �Clinical

Approximately 14–19% patients with TBM 
present with a stroke at baseline [7, 8]. During 

the course of the illness, the time of develop­
ment of which may vary, the number increases 
owing either to delay in treatment, lack of 
appropriate treatment, drug-resistant disease, or 
secondary to development of a paradoxical reac­
tion. Not less than 15% patients develop a focal 
neurological deficit as a result of these processes 
[9, 10].

Interestingly, not only does TBM but non-cen­
tral nervous system (CNS)/meningeal TB, per se, 
also increases the risk of development of stroke 
in afflicted patients. A three-year follow-up of 
patients suggests that the risk of sustaining a 
stroke is 1.5 times when compared to their 
healthy counterparts, having adjusted for com­
mon predisposing factors of stroke [11].

12.3.2	 �Imaging

MRI is superior to CT in detecting as well as cor­
rectly identifying stroke in patients with TBM. In 
an earlier CT study conducted in 60 patients with 
TBM, infarcts could be demonstrated in approxi­
mately 28% of them [12]. Twenty-five to 74% 
patients may exhibit an infarct on the MRI 
[13–19]. Angiographic abnormalities have been 
reported variably between 20.8% and 100% 
depending upon the sample and modality used 
[12, 14, 18, 20–23]. Mycotic aneurysms are rare; 
they usually occur either with exudates or in 
close proximity with TB granulomas [14, 
24–27].

12.3.3	 �Autopsy

Approximately 25% patients of TBM (n = 44) had 
infarcts at postmortem examinations in a study 
from Uganda [28]. Evidence of arteritis was noted 
in 35 of 39 patients with TBM in an autopsy 
series. Associated changes in the hypothalamus 
were observed in 37 of 39 patients and pituitary 
involvement in 4 of 21 patients examined [29]. In 
a recent Indian study, specifically looking at vas­
culature in patients with TBM, it was shown that 
more than two-thirds had evidence of an infarct; 
arterial aneurysms were observed in two patients 
[30]. The presence of multiple aneurysms in an 
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infant with TBM and subarachnoid hemorrhage 
has also been described [27].

12.4	 �Clinical Features

Development of a focal neurological deficit is the 
most common manifestation in a patient with 
TBM having involvement of the cerebral vascu­
lature. The deficits most often correlate with their 
structural analogue, but not all structural lesions 
may manifest clinically [31]. This may occur sec­
ondary to several reasons, viz., a very small 
infarct, infarct not involving the motor area or its 
pathway, altered state of consciousness limiting 
meaningful examination, or the presence of addi­
tional lesions (besides vascular) with or without 
perilesional edema preventing segregation of the 
etiology.

Focal neurological deficit, defined at onset or 
during the course of CNS TB, may be seen in 42% 
of children (n  =  500) among whom nearly 20% 
each may present with hemiparesis and quadripa­
resis, 2.6% with monoparesis, and 0.6% with cere­
bral paraparesis [31]. Tuberculomas may be a 
common accompaniment of TBM and can be 
demonstrated in approximately 28% patients with 
TBM [32]. In a mixed population (children and 
adults, n = 232) with TBM, the frequency of paral­
ysis was found to be 16.5% [7]. On an average, 
focal neurological deficits may be seen in approxi­
mately one-fourth of patients (18–27%) at base­
line taking into consideration all the three affected 
populations, viz., children, adults, and elderly [15, 
17, 33, 34]. A study has specifically centered on 
brainstem ischemic lesions in children with TBM 
and states that, of those with brainstem involve­
ment, 43% present with quadriparesis and 21.5% 
each with either right or left hemiparesis [35]. At 
follow-up, paradoxical development of lesions 
referable to vascular involvement may be seen in 
15% patients in the brain and in 13.8% patients in 
the spinal cord [10]. Manifestations suggestive of 
involvement of the venous system (venous sinus 
thrombosis or thrombophlebitis alone) may be 
there which may lead to a lot of confusion in the 
presence of hydrocephalus and lateral rectus 
involvement. Such an involvement has been 
proven on autopsy too [36, 37].

Besides focal (motor) neurological deficits, 
which have an organic vascular correlate, other 
clinical manifestations in patients with TBM 
have not been studied in detail to delineate the 
underlying process. The symptoms such as 
altered sensorium, seizures, involuntary move­
ments, endocrinological complaints, etc. might 
not relate to vascular impairment on one-on-one 
basis. The presence of intracerebral and sub­
arachnoid hemorrhage, secondary either to a pure 
TB process (vasculitis) or as a result of a mycotic 
extravascular aneurysm, may in addition compli­
cate the clinical picture [24, 26, 27, 38–41]. It 
may be noted that subarachnoid hemorrhage in a 
patient with TBM might not axiomatically imply 
that an aneurysm is present. Such a hemorrhage 
may either be a non-aneurysmal subarachnoid 
hemorrhage [39–41] or a mycotic aneurysmal 
hemorrhage [26, 27] which would depend on 
how and in which form the vessel is involved. 
Thus, such a presentation must be interpreted 
with caution and attributed to vascular involve­
ment only in light of appropriate clinicoradio­
logical features.

For the sake of clarity, only movement disor­
ders, syringomyelia, and involvement of the hypo­
thalamo-pituitary axis shall be discussed further.

Movement disorders have been noted in 6.46–
18.2% of patients with TBM [7, 31, 42]. The 
most commonly reported movement disorder is 
tremor, followed by chorea and dystonia. The 
presence of chorea and dystonia may be associ­
ated with a more severe disease. Although direct 
correlation does not exist, the frequency of deep 
vascular lesions is said to be more in patients 
with movement disorders [42].

Syringomyelia or syringobulbia has been 
shown to occur both as an early as well as a 
delayed complication of TBM [43–45]. It has 
been proposed that vascular involvement occurs 
in the majority of patients, either primarily or 
secondarily. This seems to occur over and above 
the association with exudates/arachnoiditis and 
hydrocephalus.

Involvement of the hypothalamus or 
hypothalamo-pituitary axis resulting into symp­
toms suggestive of an endocrinological disorder 
has been recorded to lie between 1.6% and 20% 
in patients with TBM [31, 46, 47]. In a recent 
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evaluation, probably the largest (n = 75, adults), 
almost a half of patients with TBM were detected 
to have hormonal dysfunction. The most com­
mon abnormality noted was hyperprolactinemia; 
next in line were cortisol deficiency and central 
hypothyroidism [48]. However, an explicit vas­
cular involvement was not observed in any patient 
in this study. In other series, and case report with 
reviews, children have been found to be affected 
more commonly and with more sequelae [46, 47, 
49–51]. Almost all types of endocrine abnormali­
ties have been described such as hyperprolac­
tinemia, growth hormone deficiency, 
gonadotropin deficiency, diabetes insipidus, pre­
cocious puberty and associated behavioral or per­
sonality changes, corticotropin deficiency, and 
cortisol deficiency. Associated changes in elec­
trolytes and metabolites have also been noted.

12.5	 �Imaging

It is important to appreciate the superiority of 
MRI over CT.  Not only does it help in better 
detection of vascular complications (good sensi­
tivity), it also separates certain commonly 
encountered situations mimicking stroke (good 
specificity). For example, infarcts occurring in 
the region of basal ganglia are commonly 
missed on CT.  Similarly, tuberculomas, with 
accompanying perilesional edema, developing 
during the course of TBM might not be defin­
able on CT.

12.5.1	 �Computed Tomography

In possibly the first description of infarcts in 
TBM, 17 of 60 (28.3%) patients demonstrated 
the finding as a hypodense lesion in the basal 
ganglia or the perisylvian area [12].

In a serial CT-based evaluation of 25 patients 
with TBM, it was shown that two-thirds of chil­
dren developed an infarct, while just one out of 
13 adults (aged 50 years) developed the same. 
Infarcts in these children were found to be more 
common at higher MRC stages. It was, thus, 
suggested that infarcts were commoner in chil­

dren [46]. In another evaluation, 25 of 65 chil­
dren (38.5%) were found to have infarcts; all 
but two patients had anterior circulation 
infarcts, most of which conformed to the MCA 
territory [25].

12.5.2	 �Magnetic Resonance Imaging

MRI of the brain is considered to be superior than 
CT in demonstrating abnormalities associated 
with TBM, particularly infarcts. The frequency 
of detection of infarction may actually vary 
depending on the age, time to presentation, time 
to diagnosis, time to treatment, the presence of 
comorbidities, adherence to treatment, etc. at 
baseline as well as during follow-up.

In a study on 27 children in stage II (n = 10) 
and stage III (n = 17) TBM, 20 (74%) had paren­
chymal ischemic lesions. The lesions were 
found to be distributed in the basal ganglia-
diencephalon region (n  =  20) and brainstem-
parahippocampal gyri-hypothalamus region 
(n  =  10, also had supratentorial lesions). This 
study demonstrated the superiority of MRI over 
CT especially in detecting the brainstem lesions 
[13].

MRI may show infarcts in 54–60% patients 
which may be hemorrhagic or bland [14, 16, 
18, 52]. Specifically using a diffusion-weighted 
imaging protocol, infarcts were observed in 17 
of 30 (56.7%) patients with TBM [15]. In a 
series of 100 patients, stroke was detected in 
30% [17]. In a retrospective chart review of 
adult population with tuberculosis of the CNS 
(n = 404), it was found that approximately 25% 
of patients (n  =  99) had an evidence of an 
infarct; concomitant occurrence of a tubercu­
loma was noted in 10% of patients (n  =  39) 
[19].

The distribution of infarcts in patients with 
TBM generally follows the location as defined 
by the “TB zone.” “TB zone” is constituted by 
head of the caudate, anteromedial part of the 
thalamus, and anterior plus genu of the internal 
capsule [53] (Fig. 12.1). In terms of the arterial 
territories, MCA is most commonly involved. A 
majority of series published till date have demon­
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Fig. 12.1  MRI of the brain in a patient with TBM depicts 
a typical (TB zone, red dotted line) bi-basal ganglia infarct 
(a–c, e) with suggestion of hemorrhage (d, gradient 
recalled echo sequence). MRA is suggestive of right distal 
internal carotid artery (ICA) stenosis with segments of 
narrowing of right middle cerebral artery (MCA) (f). 

More foci of nonhemorrhagic infarction are evident 
involving the superior parts of the cerebellum (g–k). MRV 
of the same patient is suggestive of non-visualization of 
the right-sided transverse, sigmoid, and jugular sinus flow 
with multiple collateral drainages (l)
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Fig. 12.2  MRI of the brain depicts an infarction in a patient with TBM in the territory of anterior cerebral artery (ACA) 
(a–d) with no suggestion of hemorrhage (e, gradient recalled echo sequence). MRA is suggestive of involvement of 
both ACA (arrows, f)

j k l

Fig. 12.1  (continued)
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Fig. 12.3  MRI of the brain of a patient with TBM pre­
senting with hydrocephalus at onset (a–d) and extensive 
exudates lining the basal cisterns and fissures (e, gadolin­
ium contrast). Non-infarct-related vascular involvement 
(smooth plus segmental involvement) can be seen involv­

ing the distal ICA (f, arrows) and basilar artery (g). MRV 
of the same patient shows poor visualization of the left-
sided transverse, sigmoid, and jugular flow with multiple 
collateral drainage (h)
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Fig. 12.4  MRI of the brain in a patient with TBM presenting with hydrocephalus (a–d) with multiple small infarcts 
(e–g) and thinning of the distal vasculature (h)
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strated this conformity in most patients (75% or 
more). In contrast to stroke unrelated to infections, 
infarcts observed in patients with TBM may be 
bilateral in almost 50% patients and defy the ter­
ritorial restrictions of anterior and posterior circu­
lation (Figs. 12.2, 12.3, and 12.4). Large territory 
infarctions, anterior or posterior, are less often 
seen [14, 16–18, 54].

12.5.3	 �Imaging of the Vessels

Needless to say, assessment of the vasculature of 
the central nervous system is incomplete without 
a dedicated imaging of the arterial as well as the 
venous system. Conventional cerebral angiogra­
phy had been the modality of choice to image the 
vessels till a couple of decades back; with 
advances in imaging, MRI- or CT-based evalua­
tion is considered more appropriate.

12.5.3.1	 �Angiography

Conventional and Digital Subtraction 
Angiography
The performance of conventional cerebral angi­
ography was initiated in patients with TBM to 
rule out the possibility of a space-occupying 
lesion, abscess, aneurysm, or malignancy and 
not primarily to assess the status of cerebral vas­
culature during the course of TB process. In his 
seminal paper on “Angiography in tuberculous 
meningitis,” published five decades back, Greitz 
gave an excellent précis of vascular changes in 
TBM derived from four female patients [6]. 
Constriction or narrowing of the intradural 
carotid siphon, with or without involvement of 
the proximal MCA/proximal ACA, was demon­
strated in three patients, while the posterior 
cerebral artery (PCA) was shown to be involved 
in the fourth one. He highlighted the concept of 
functional versus organic stenosis and summa­
rized the speculated causative factors as a local­
ized basal cisternal or generalized intracranial 
pressure rise, spasm of the arteries similar to 
that observed in subarachnoid hemorrhage, and 
tuberculous vasculitis. He concluded that the 
vascular involvement in TBM was secondary to 
inflammatory changes in vessels [6]. Lehrer for­

mulated a “radiopathologic triad,” based on his 
observations in eight patients with TBM who 
underwent conventional cerebral angiography, 
to suggest or substantiate the diagnosis of 
TBM. This triad consisted of ventricular dilata­
tion (depending on the course of ACA or thala­
mostriate vein), narrowing of vessels in the 
basal region (tuberculous arteritis versus 
spasm), and occlusive TB vasculitis involving 
small-to-medium-sized vessels [55].

Subsequent studies directed their objective 
toward delineation of site and type of vascular 
involvement in patients with TBM, besides rul­
ing out a space-occupying lesion. In a large 
series (48 cerebral angiographic evaluations), 
an abnormal angiography was observed in ten 
(20.8%) patients. “Moyamoya-like” appear­
ance was also observed by this group [20]. In an 
evaluation of five patients, three patients had 
involvement of vessels both at the base and the 
periphery, while two had involvement of ves­
sels only at the base [21]. Serial CT (n  =  60) 
with conventional angiography (n  =  14) in 
patients with TBM revealed angiographic 
abnormalities in 11 (78.6%) of them. It was 
attributed to arteritis in eight (those “with” 
enhancing exudates) and vasospasm in three 
(those “without” enhancing exudates) patients. 
The MCA territory alone was affected most 
commonly (82.35%) followed by the combined 
territories of MCA and ACA; involvement of 
PCA territory was observed in one patient [12].

In probably the solitary study directed at 
assessing adult population with TBM (n = 24) by 
digital subtraction angiography, it was shown that 
the positive and the negative predictive values of 
the technique were 0.82 and 0.46, respectively. 
The sensitivity was low while the specificity was 
moderate in terms of infarcts. Interestingly, 1 of 
11 patients with an abnormal angiogram had 
superior sagittal sinus thrombosis [22].

CT Angiography
The value of CT angiography has not been evalu­
ated in as much detail as MR Angiography. In a pro­
spective study to demonstrate the vascular 
abnormalities in TBM, 33 of 47 (70.2%) patients 
were found to have an abnormal angiogram; of 
note, only 32% patients had hemiparesis.  
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At follow-up, in the normal angiogram group 
(n = 9), new abnormalities were seen in two patients, 
while in the abnormal angiogram group (n = 17), 
angiogram normalized in three patients. The pres­
ence of basal exudates was found to be a significant 
predictor of angiographic abnormalities on multi­
variate analysis; those which were significant only 
on univariate analysis were impaired vision, hemi­
paresis, hydrocephalus, meningeal enhancement, 
and infarcts [23]. In our experience, delineation of 
vessels is better with CT angiography, but it occurs 
at the cost of loss of good parenchymal details; we 
prefer a combination of MRI of the brain with con­
trast plus four-vessel CT angiography to evaluate a 
patient with TBM (Figs. 12.5 and 12.6).

MR Angiography
Not many dedicated studies have evaluated the 
role of MR angiography (MRA); the vascular 
assessment in these cases has neither been uni­
form nor on absolute basis. In a nutshell, the 
available data replicates the existent findings in 
the form of narrowing of the terminal ICA and 
proximal parts of MCA and ACA (Figs.  12.1, 
12.2, 12.3, and 12.4). Detection of an occasional 
aneurysm might be incidental in these patients 
[14, 18]. It is important to understand that not all 
patients with an abnormality on MRA will have 
an infarct; not more than two-thirds may have a 
corresponding infarct [18].

12.5.3.2	 �Venography
Despite of an ample amount of histopathological 
evidence suggesting involvement of the venous 
system in patients with TBM, no formal evalua­
tion of this aspect has been done so far. Few 
individual case reports in the literature have pre­
dicted an association between TB and venous 
sinus thrombosis, but this cannot be substantiated 
at the present time [22, 37, 52, 56, 57]. It may be 
noted that a systematic evaluation of the venous 
system might reveal more than expected changes 
on venography (Figs. 12.1 and 12.3).

12.5.3.3	 �Transcranial Doppler
Transcranial Doppler (TCD) is an encouraging 
modality to evaluate the cerebral vasculature in 
view of its portability, ease of use and access, 
safe application, and real-time functional assess­

ments. Its ability to insonate corroborates with 
commonly involved vessels in TBM, viz., distal 
internal carotid artery, proximal MCA, proximal 
ACA, and PCA [58]. The use of TCD in TBM 
appeared after the demonstration of its utility in 
performing ventriculoperitoneal shunt as a diver­
sion procedure in patients with hydrocephalus 
[59]. In the first of its kind evaluation, 15 children 
with TBM were evaluated in terms of pre- and 
postoperative pulsatility index (PI) determination 
against 15 children with congenital hydrocepha­
lus. This study demonstrated that the difference 
(essentially fall) in PI was statistically significant 
in the two groups. It was also shown that statisti­
cally significant difference existed in the TBM 
group between those who had and those who did 
not have an infarct. It was proposed that the rea­
son for vascular changes in TBM is arteritis, with 
or without a contribution from exudates, and not 
vasospasm [60].

Blood flow velocity and PI measurements are 
used to aid in the diagnosis and prognosis of 
patients with TBM.  In a study on patients with 
TBM (20 patients, mean age of 9  years), they 
were divided to fall in either phase I, II, or III, in 
terms of increasing severity of disease. Serial 
correlative assessments in these patients showed 
that an increase in mean velocity and a decrease 
in PI occurred through phases I to II. In phase III, 
there was absence of blood flow and was associ­
ated with poor outcome. It was suggested that 
TCD is especially good for patients presenting 
with a focal neurological deficit (phase II) [61]. 
Another study done in 20 children with TBM has 
shown that a correlation exists between large 
infarcts and three estimated parameters on TCD, 
complete MCA blockage, subnormal mean MCA 
velocities (<40 cm/s), and PI of <0.4 [62].

12.5.4	 �Other Imaging Modalities

Single-photon emission computed tomography 
has been used to study the areas of hypoperfusion 
in patients with TBM.  Seventeen patients (3 in 
stage I, 3 in stage II, 11 in stage III) were evalu­
ated using SPECT; cortical hypoperfusion 
(n = 10) was observed along with hypoperfusion 
in basal ganglia (n = 14) and midbrain (n = 1). 
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Fig. 12.5  CT angiography of the brain (different patients 
with TBM) depicts classical narrowing of the supraclinoid 
segment of the ICA along with proximal segments of the 
MCA and the ICA; segments of narrowing can also be 
seen in the basilar artery (a). Multiple areas of narrowing 

with markedly reduced perfusion can be seen beyond the 
stenosed distal ICA (b). Multiple areas of narrowing with 
relatively preserved perfusion can be seen beyond the ste­
nosed distal ICA (c). Stenosis of distal vertebral arteries 
just before the formation of basilar artery (d)
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Fig. 12.6  CT angiography of the brain in a patient with TBM depicts severe stenosis of distal ICA leading to its non-
visualization; the anterior and the posterior circulation are seemingly independent (a–d)
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These hypoperfusion abnormalities, however, did 
not correlate either with the stage or the outcome 
of the patient [63].

12.6	 �Pathology 
and Pathophysiological 
Processes

12.6.1	 �Structural Pathology

The gross pathology of the brain reveals thick 
exudate at the base of the brain, with or with­
out involvement of the superolateral surfaces, 
in which the vessels forming the circle of 
Willis bathe. These exudates extend anteriorly 
into the optochiasmatic area, laterally into the 
sylvian fissures, and posteriorly into the inter­
peduncular, ambient, and prepontine cisterns 
[64]. It is this distribution of exudates that is 
responsible for the corresponding changes 
observed in the affected vessels traversing this 
region. Thus, it is not surprising that involve­
ment of the supraclinoid (intradural) part of 
the ICA and proximal parts of ACA and MCA 
are most commonly affected in patients with 
TBM.  The small-caliber perforating arteries 
bear the brunt of the injury, whereby the basal 
ganglia, structurally, is the commonest 
involved area. The substance of the brain may 
show capillary hemorrhages involving the 
gray matter. Areas of “yellow softening” may 
be observed in the territory of the involved/
stenosed arteries, e.g., MCA.  Miliary tuber­
cles may be seen lining the vessels in the sub­
arachnoid space and may additionally 
contribute to compression and infiltration of 
vessels [65]. In an autopsy series of 39 
patients, 37 patients demonstrated presence of 
exudates; in this series arteritis was observed 
in 35 cases, and the histopathology was based 
on the presence of infarcts and border-zone 
reaction. Out of 35 patients with arteritis, cor­
responding infarcts were not observed in nine 
cases, and border-zone reaction was observed 
in 29 cases in totality [29].

The presence of intracerebral hemorrhage or 
subarachnoid hemorrhage, though uncommon, 

has been studied pathologically in the past [66]. 
The aneurysms detected in patients with TBM 
have been described as “mycotic aneurysm of 
extravascular origin” suggesting an effect of 
nearby focus of tuberculous infection, either in 
the form of exudates or a tuberculoma [24]. In a 
large autopsy series, where subarachnoid hemor­
rhage was not observed in TBM, it was suggested 
that despite of a necrotizing process, vessels may 
maintain their integrity strong enough to resist a 
leak [30].

The earliest description of the microscopic 
pathology, with special reference to menin­
geal vessels, in patients with TBM is avail­
able in the German literature where 
Rindfleisch and Baumgarten, respectively, 
have described vascular changes [3, 4]. In the 
English literature, an excellent description of 
vascular changes in nine patients with TBM 
has been provided by Hektoen [5]. The 
changes described in these early years have 
not changed much in their basic form in the 
past one-and-a-half century; what has actu­
ally evolved during this period is the insight 
into the actual pathophysiology defined by 
the march of events from seeding of the bacilli 
to full-blown meningitis.

One of the most controversial issues regarding 
the vascular involvement in TBM is the aspect of 
“what initiated the process?”—i.e., what was the 
primary event? The opinion carried forward by 
most researchers is that the Mycobacterium 
tuberculosis bacillemia gets co-localized in the 
adventitia of arteries, subsequent to which inva­
sion of other two layers, media and intima, may 
take place. Simple as this may seem, the actual 
processes are very complex.

It seems intuitive to accept that the involvement 
of vessel occurs from without [67] but descriptions 
of arteritis (endarteritis) have existed from the very 
beginning [4, 5, 64]. Adventitial as well as intimal 
lesions have also been described where the pro­
gression has been depicted toward the intima [68]. 
Since the media of the vessels in these patients 
have been found to be relatively intact and consid­
ered resistant to infection, how does infection 
actually travel through the vessel wall? [64, 68]. 
Thus, the process of seeding through the blood 
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(bacillemia) and by way of involvement of adven­
titia may occur in tandem or in unison instead of 
behaving in pure individuality.

Similarly, the description of various forms of 
vascular involvement described in the literature 
need to be viewed collectively rather than being 
separate processes [69]. The types of involve­
ment, viz., infiltrative/inflammatory/vasculitic, 
proliferative/obliterative/stenosing/occlusive, 
and necrotizing, are not mutually exclusive and 
may be viewed from the perspective of mild to 
moderate to severe disease, respectively. Such a 
classification will help in simplifying the seem­
ingly complex classifications and will help in 
characterizing the patients better via histopathol­
ogy. We need to ease down on the issue of throm­
bosis too because the evidence is again 
conflicting where thrombosis of arteries is pres­
ent [49, 68, 70, 71] or not present/minimal [55, 
64, 72]. Thrombosis cannot occur independently, 
and a lot of factors may contribute to its occur­
rence right from vascular flow abnormalities to 
abnormal expression of cytokines and growth 
factors. Thus, it may be regarded both as a pre­
cipitating event as well as a complication of the 
disease process.

As far as the pathology with respect to pial 
veins is concerned, intense phlebitis has been 
shown in veins moving through the exudate. It 
has been stated that at places, viz., borderland 
zone, phlebitis may actually precede arteritis 
[64]. Thrombosis may be observed in these 
patients as part of the disease process [68, 73].

12.6.2	 �Molecular Pathology

Our knowledge of molecular processes occur­
ring in tuberculosis, especially with respect to 
cerebrovascular complications, is limited. As is 
true for most inflammatory-infective disorders, 
interaction of a multitude of factors leads to the 
expression of a specific disease. Most research 
translating into TBM has risen from those done 
in other inflammatory disorders, especially bac­
terial meningitis and fungal meningitis. In a first, 
29 patients with TBM were assessed for vascular 
endothelial growth factor (VEGF), a marker of 

angiogenesis, along with 31 infectious non-TBM 
patients.  It was shown that the titers of VEGF, 
both in serum and CSF, were significantly higher 
in patients with TBM than their counterparts; 
corresponding decrease in CSF titers was noted, 
in addition, in those who were improving [74]. 
The role of VEGF, as a vascular permeability 
factor, was assessed in 26 children with TBM in 
a later study which found that it correlates with 
blood-brain-barrier breach in patients with TBM 
and that its inhibition might be responsible for 
the role of corticosteroids in TBM [75]. As far as 
the clinical translation is concerned, significant 
correlation with intracranial pressure or infarcts 
was not observed.

Matrix metalloproteinase 2 and matrix 
metalloproteinase 9 (MMP-2, MMP-9), 
enzymes of the larger group of calcium-depen­
dent zinc-containing endopeptidases, have been 
evaluated in patients with meningitis (n  =  21, 
including seven with TBM). It was suggested 
that MMP-9 might be a good marker of 
“encephalitogenecity” when measured against 
MMP-2 [76]. In a combined in vitro and in vivo 
analysis, besides highlighting the utility of 
MMP-9 in TBM, it was shown to correlate sig­
nificantly with signs of damage to the cerebral 
parenchyma [77].

High CSF concentrations of lactate, inter­
leukin-8 (IL-8), and interferon-γ have been 
observed in drug-naïve adult patients with 
TBM, which decrease on follow-up with anti­
tuberculosis treatment [78]. High IL-8 and 
IL-10 levels have been found to correlate sig­
nificantly with infarcts in adult patients (n = 11 
with infarct, n = 16 without infarct) with TBM 
[34]. However, in a later study no correlation 
was observed between cytokine levels and 
stage of meningitis or clinical and radiological 
outcome [79].

12.7	 �Management

Management of vascular complications in 
patients with TBM is yet to see a major break­
through. The use of corticosteroids is recom­
mended in HIV-negative patients with TBM to 
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prevent death and disability; its use in HIV-
positive patients does not have sufficient evi­
dence to push a recommendation [80]. A serial 
MRI study, to assess the effect of dexamethasone 
in adult patients with TBM (n  =  43, HIV-
positive = 1), has shown that infarcts are almost 
halved in those receiving dexamethasone (27% 
versus 58%). But this effect was nonsignificant; it 
was also stated that the use of dexamethasone 
does not affect the location of the commonly 
affected area, i.e., basal ganglia of the brain [34]. 
A study, done earlier, in 141 children with TBM 
had revealed similar results both in terms of fre­
quency and location of infarcts [81]. An impor­
tant diagnostic issue may arise with the use of 
adjunctive corticosteroids where endocrinologi­
cal abnormalities may be masked [29].

The use of aspirin (150  mg/day) has been 
evaluated in patients with TBM in an open-label 
placebo controlled trial (n  =  59  in each group, 
also included six children). It was shown that 
aspirin resulted in insignificantly lesser strokes 
but a significant reduction in mortality at 
3 months [82]. The results of this study, however, 
need further validation owing to certain critical 
issues such as lack of uniformity in administra­
tion of adjunctive corticosteroids, significant lost 
to follow-up, and small subgroup size. In another 
evaluation, done specifically in children 
(n = 146), different dose groups of aspirin were 
made; no significant benefit in terms of morbidity 
or mortality was observed [83].

Thalidomide has been used to improve the out­
come in a rabbit model simulating mycobacterial 
infection of the nervous system [84, 85]. This may 
be a potential clinical target in patient suffering 
from TBM, provided the issue of teratogenicity is 
adequately taken care of.

Regulation of cerebral tissue oxygenation has 
been looked at in two patients with severe TBM. It 
was suggested that delayed cerebral ischemia 
(infarct) can be prevented by maintaining ade­
quate oxygenation of the cerebral tissue guided by 
appropriate estimation of the same [86].

A group has also looked into the role of 
hypervolemia-hypertension-hemodilution 
(HHH) regime in patients with TBM similar to its 
usage in subarachnoid hemorrhage. Against five 

patients on conservative management, seven 
patients were offered HHH therapy. It was con­
cluded that HHH therapy might be a safe and 
beneficial option in patients with TBM [87].

12.8	 �Prognosis

The presence of infarcts has been considered as a 
predictor of poor outcome, morbidity, or mortal­
ity in patients with TBM [17, 19]. Ischemic 
lesions of the brainstem have also been shown to 
be associated with poor outcome in children [35].

12.9	 �Future Research

Future research should target the pathophysiol­
ogy of vascular involvement which to our under­
standing is the largest gray zone limiting our 
advances toward adoption of better preventive 
modalities and development of better treatment 
modalities. Newer molecules, antithrombotic or 
anti-inflammatory, may be studied in patients 
with TBM to look for a positive effect.

�Conclusion

Vascular complications are commonly observed 
in patients with TBM, either at baseline or dur­
ing the course of the disease. Angiographic 
abnormalities outnumber clinical as well as 
radiological manifestations and portend a poor 
outcome in those with the ischemic lesions. 
Early and prompt treatment of TBM is essential 
as vascular abnormalities are related with the 
duration of TBM, and no specific treatment is 
available to reverse the sequelae.
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Abbreviations

AIDS	 Acquired immunodeficiency syndrome
CNS	 Central nervous system
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TB	 Tuberculosis
TBA	 Tuberculous brain abscess
TBM	 Tuberculous meningitis

13.1	 �Introduction

Tuberculosis (TB) is a historical disease which 
has reemerged and considered as a major world-
wide health problem due to increasing frequency 
of immunocompromising conditions such as dia-
betes, alcoholism, cancer, and acquired immuno-
deficiency syndrome (AIDS) in recent decades. 
Mycobacterium tuberculosis may involve any 
organ, and the lungs are the most common loca-
tion; however, central nervous system (CNS) TB is 
the most tremendous form of this disease. CNS TB 
consists about 5–10% of all patients with TB and 
up to 20% of patients with AIDS-related TB [1–3].

CNS TB usually has a distant origin, e.g., the 
lung, and the organism reaches to the brain or 
meninges via hematogenous spread. Sometimes, it 
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may result from direct spread from intra- or extra-
cranial foci [4]. Clinical and imaging manifesta-
tions of CNS TB may simulate other neurological 
diseases such as tumors and other infectious and 
noninfectious conditions [5]. Since CNS TB has 
no unique characteristics on neuroimaging and 
clinical manifestation, diagnosis of this disease 
remains a challenging issue. Therefore, familiar-
ity with the radiological manifestations of CNS 
TB has a key role in timely and precise diagnosis 
of this disease. CNS TB may present as tubercu-
lous meningitis (TBM), cerebritis, ventriculitis, 
cerebral abscesses, tuberculomas, miliary TB, 
and spinal and calvarial involvement [6–8]. In 
this chapter, we describe imaging findings of TB 
of the brain and its coverings.

13.2	 �Pulmonary Tuberculosis 
as a Diagnostic Clue

Most of patients with CNS TB have a diagnos-
tic clue in their lung imaging, and sometimes a 
plain radiograph can help us to make a correct 
diagnosis. Therefore, we first briefly describe 
the imaging manifestations of pulmonary 
TB. Pulmonary TB may be primary or postpri-
mary (reactivation). Primary form is common 
in children, and postprimary infection usually 
presents in adults.

Primary TB characteristically presents as hilar 
(and/or mediastinal) lymphadenopathy which is 
typically unilateral but may be asymmetrically 
bilateral. Other findings are pleural effusion (typi-
cally unilateral), miliary nodules, and consolidation 
(Fig. 13.1). In primary infection, the parenchymal 
disease and adenopathy may completely resolve, or 
there may be a residual focus of scarring or calcifi-
cation [9, 10].

Postprimary TB typically involves apical and 
posterior segments of upper lobes and to a lesser 
degree superior segment of lower lobes. The main 
manifestations include cavitations, nodular infil-
trations, typically as tree-in-bud appearance, mul-
tifocal patchy opacities, lymphadenopathies, and 
pleural effusion. Cavitations usually indicate 
active and transmissible disease (Fig. 13.2) [9, 10].

When we encounter patients with CNS TB, 
lung radiograph or computed tomography (CT) 
may show the sequels of old pulmonary TB, 
including parenchymal fibrosis, architectural dis-
tortion, bronchiectasis, and volume loss in the 
upper lobes.

13.3	 �Tuberculous Meningitis

Tuberculous Meningitis (TBM) is the most com-
mon type of CNS TB. It is most frequent in chil-
dren or immunocompromised individuals [11, 12]. 

ba

Fig. 13.1  Miliary tuberculosis (TB). Frontal chest radiograph (a) shows bilateral diffuse fine tiny nodules. Axial high-
resolution chest CT scan (b) demonstrates innumerable randomly distributed fine discrete nodules bilaterally.
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TBM results from hematogenous spread of M. 
tuberculosis; however, it may also result from 
spread of adjacent focus (Rich focus) in cortical 
subpial or subependymal into the subarachnoid 
spaces or into the ventricular system [13]. Insidious 
course of TBM along with its nonspecific manifes-
tations may result from misdiagnosis or delayed 
diagnosis of TBM. Hence, high index of suspicion 
and early imaging play important role in the timely 
detection of TBM and thereby reducing its mor-
bidity and mortality rate.

Radiologically, the most common finding 
is enhancing exudate in the basal cisterns. This 
is a relatively specific neuroimaging finding of 
leptomeningeal TB on CT and magnetic reso-
nance images (MRIs) [14]; however, sometimes 
this feature may also be seen in meningitis due 
to other infectious including fungal ones and 
granulomatous (sarcoidosis) and neoplastic 
(lymphoma; carcinomatosis) diseases [1]. The 
tuberculous exudate is composed of bacilli and 
the host immune cells.

The most sensitive imaging finding of tuber-
cular meningitis is meningeal enhancement that 
has been reported in up to 90% of patients [7, 14, 
15]. The subpial exudate is commonly located in 
the lateral cerebral fossa and the sylvian fissure, 

inferomedial surface of the frontal lobes, the 
anteromedial surface of the temporal lobes, the 
superior aspect of the cerebellum, and the floor 
of the third ventricle [16]. Sometimes, extension 
to adjacent areas such as suprasellar, pontomes-
encephalic, or interpeduncular cisterns may also 
occur [17]. Meningeal enhancement over the 
cerebral convexities and the sylvian fissures is 
another common finding. Involvement of epen-
dymal surfaces of the ventricles usually occurs 
in the later stages of the TBM [1, 17, 18]. In later 
stages, also there may be widening of subarach-
noid spaces.

CT images of TBM usually demonstrate oblit-
eration of basal cisterns by exudates of iso- to 
mild hyperattenuation [1, 6, 16, 19]. MRI is more 
sensitive than CT for detection of the findings, 
especially post-contrast MRIs which will demon-
strate the leptomeningeal enhancement and 
enhancing cisternal exudates (Figs. 13.3, 13.4, 
and 13.5) [6].

Some studies reported that in comparison to 
contrast-enhanced T1-weighted images, post-
contrast fluid attenuation inversion recovery 
(FLAIR) images show a higher specificity for 
discovery of leptomeningeal enhancement [20]. 
Also, contrast-enhanced magnetization transfer 

ba

Fig. 13.2  Reactivated pulmonary TB. (a) Frontal chest 
radiograph shows typical location of TB involvement in 
right upper lobe with cavitary consolidation and volume 
loss. There are also some nodular opacities in left upper 

lobe. (b) Axial chest CT scan of another HIV-positive 
patient demonstrates multiple cavities in right upper lobe 
associated with clumped nodular and some linear opaci-
ties in both upper lobes
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(MT) imaging is superior to the conventional 
post-contrast imaging in detecting meningeal 
involvement [11]. As mentioned above, TBM 
imaging findings may overlap with other condi-
tions; this form of meningeal enhancement may 
be seen in carcinomatous meningitis, other infec-
tive meningitis, and inflammatory diseases such 
as rheumatoid arthritis or sarcoidosis [11].

Progressive hydrocephalus, cranial neuropa-
thies, infarction, and vasculitis with their own 
imaging features are the complications of TBM 
which may alter the face of the disease [8, 12]. 
Obstruction of cerebrospinal fluid (CSF) flow in 
the basal cisterns results to the most common com-
plication of TBM, communicating hydrocephalus 
(Fig. 13.6) [1, 4, 8, 11]. Noncommunicating hydro-

cephalus may be seen in some cases which is due 
to obstruction by tuberculoma or TB abscess.

Ischemic infarct (Fig. 13.6) secondary to vas-
cular compression and obstruction of perforating 
vessels (necrotizing arteritis) [17, 21, 22], espe-
cially the lenticulostriate and thalamoperforating 
arteries, is also a common complication with 
detection rate of 20–40% of patients. This event 
is seen mostly in the basal ganglia or internal 
capsule which is enriched by vessels that perfuse 
the so-called medial TB zone [19]. Dural venous 
sinus thrombosis and secondary hemorrhagic 
infarct may be seen in patients with TBM. We 
encountered a patient with CNS TB in our insti-
tute in which the only finding was dural venous 
sinus thrombosis (Fig. 13.7).

Fig. 13.3  Meningeal TB. Axial post-contrast T1-weighted MRIs demonstrate enhancing basilar exudates and lepto-
meningeal enhancement

b ca

Fig. 13.4  Meningeal TB. Coronal (a) and axial (b, c) post-contrast T1-weighted MRIs show leptomeningeal enhance-
ment (white arrows). A small tuberculoma in left parasagittal parietal region (black arrow in c) is also evident
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Fig. 13.5  Meningeal TB. (a) Leptomeningeal (small 
arrows) and dural pachymeningeal (large arrow) enhance-
ments are seen in this axial post-contrast T1-weighted 

MRIs. (b) A small tuberculoma is seen in right cerebellar 
hemisphere (arrow)

ba

Fig. 13.6  Complications of meningeal TB. (a) Coronal 
post-contrast T1-weighted MRI demonstrates leptomen-
ingeal and pachymeningeal enhancement (arrows). 
Hydrocephalus is also seen which is secondary to the 

obstruction of cerebrospinal fluid (CSF) flow in the basal 
cisterns. (b) Axial T2-weighted MRI of another patient 
with TBM shows a lesion in right basal ganglia due to 
ischemic infarct
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TBM may also complicate by cranial nerve 
involvement which occurs in 17–40% of cases. 
It occurs secondary to ischemia, vascular com-
promise, or nerve entrapment within basal exu-
dates. Second, third, fourth, and seventh cranial 
nerves are the most commonly involved nerves 
[16, 18]. MRI is the preferred imaging for eval-
uation of the affected cranial nerves; they usu-
ally appear as thickened enhanced nerves, 
particularly in proximal segments. These thick-
ened nerves have high signal intensity on 
T2-weighted images.

13.4	 �Brain Parenchymal 
Tuberculosis

The most common form of brain parenchymal 
TB disease is tuberculoma. Other forms include 
cerebritis, cerebral abscess, miliary TB, or TB 
encephalopathy. Parenchymal disease may occur 
with or without TBM.

13.4.1	 �Cerebritis and Cerebral 
Abscess

Some parenchymal TB is associated with con-
comitant TBM, and sometimes it occurs without 
accompanying meningitis. Cerebritis refers to 
pyogenic inflammation of the brain parenchyma 
and may lead to abscess formation in the setting 
of inadequate or incorrect treatment. TB cerebri-
tis or abscess may mimic pyogenic bacterial 
infection on CT or MRI.

TB cerebritis is infrequent and usually appears 
as a single or multiple focal ill-defined hypoat-
tenuated lesion(s) on CT images. These lesions 
appear hyposignal on T1-weighted and hypersig-
nal on T2-weighted images. On post-contrast 
MRI, areas of patchy enhancement may be seen 
(Fig. 13.8) [6, 23].

Tuberculous brain abscess (TBA) (Fig. 13.9) 
is also infrequent and consists of a central zone 
of pus and liquefied material. The abscess may 
be single or multiple and often has multilocu-

ba

Fig. 13.7  Dural venous sinus thrombosis. (a) Axial post-
contrast T1-weighted MRI demonstrates a filling defect 
within left sigmoid sinus (white arrow). (b) MRA reveals 
nonvisualization of transverse and sigmoid sinuses in left 
side (white arrow). This was the only imaging evidence of 

TBM in a man presented with headache. Because the 
patient was an immigrant from an endemic area for TB, 
we assessed CSF PCR for M. tuberculosis which revealed 
a positive result
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Fig. 13.8  TB cerebritis. (a) Axial post-contrast CT 
image demonstrates an irregular hypodensity in right tem-
poral region with faint peripheral enhancement in anterior 

part. (b) Axial T2-weighted MRI in another patient shows 
nonspecific hypersignality in left frontoparietal region

ba

Fig. 13.9  Tuberculous brain abscess (TBA). Axial (a) and sagittal (b) post-contrast T1-weighted MRIs show multiple 
TBAs as irregular thick ringlike enhancing lesions in both frontal lobes and left parietal region with peripheral edema
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lar appearance [15]. On CT images the TBA 
presents as hypodense round or multiloculated 
lesion(s) accompanied with peripheral edema. 
It may show some mass effect. Since the 
abscess contains a central necrotic and lique-
fied zone, it shows an increased signal intensity 
on T2-weighted images. Ring enhancement is a 
dominant feature in post-contrast CT or MRIs 
(Fig. 13.10). This enhancement is often thin 
and uniform. However, it may be irregular and 
thick, particularly in immunodeficient patients 
[1, 3, 7, 8, 24, 25].

Some studies have shown that application of 
MT spine echo images make the CNS TB 
lesions more obvious [26–31]. By increasing 
the detectability of the lesions, MT images 
improve the assessment of extent of CNS 
TB.  MT ratio measurements on MRI help to 
distinguish CNS TB from other infectious brain 
lesions; MT ratios in TB are lower than those in 
pyogenic infections and higher than those in 
viral infections, with the difference related to 
variations in protein content [5]. Furthermore, 
on MR spectroscopy, unlike the pyogenic 
abscess, the peak of amino acids is not a usual 
finding in TBA [26, 31].

13.4.2	 �Tuberculoma

Tuberculoma is the most common form of paren-
chymal involvement in CNS TB. The lesion may be 
single or multiple and may be seen in any part of the 
intracranial space. Tuberculoma and TBM may 
occur concomitantly (Fig. 13.11).

Unlike the TBA which contains central area of 
pus, tuberculoma has a necrotic caseous center. Its 
peripheral capsule contains Langerhans cells, epi-
thelioid cells, fibroblasts, and lymphocytes [32]. 
Tuberculoma in nonenhanced CT images may 
be isodense, hyperdense, or of mixed density. On 
contrast-enhanced CT, tuberculoma shows a ring-
like enhancement. It may also exhibit irregular or 
nodular nonhomogeneous enhancement. Some 
studies have shown that presence of a central calci-
fication within a ringlike enhancement (target sign) 
is suggestive of tuberculoma [22]. T2-weighted 
or FLAIR images show a mixed intensity lesion 
(mainly low signal) which contains a central zone 
of high signal intensity [33]. The central caseat-
ing necrosis makes high signal intensity zone, and 
peripheral collagenous capsule presents as low 
signal intensity rim. The capsule is a layer with 
low water content and high protein content [33]. 

ba

Fig. 13.10  TBA. (a) Axial post-contrast CT image shows 
ring-enhancing lesions in left frontal lobe with marked 
peripheral edema. (b) Axial post-contrast T1-weighted 

MRI in another patient also reveals a lesion in left frontal 
lobe with thick ring enhancement and marked peripheral 
edema and mass effect leading to midline shift
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Surrounding edema may be seen as high signal 
intensity edema. Post-contrast MRIs often show a 
ring enhancement (Figs. 13.12 and 13.13).

Caseating solid granulomas are hypointense 
on T1-weighted images and strikingly hypoin-
tense on T2-weighted images. This hypointensity 
is due to the granulation tissue and a compact cel-
lularity which is higher than that of brain paren-
chyma. These typical imaging findings are not 
seen in noncaseating granulomas; they usually 
are hypointense to isointense on T1-weighted 
and hyperintense on T2-weighted images. On 
post-contrast images homogeneous enhancement 
is typical [8].

Evaluation of response to medical treatment 
can be performed by follow-up CT or MRI 
studies. Regression of the lesions is not a role, 
and some patients who receive suitable treat-
ment may show paradoxical enlargement of a 
tuberculoma. Sometimes, a new intracranial 
and spinal tuberculoma may be seen. 
Nevertheless, with continuation of anti-TB 
treatment, the lesions often eventually resolve 
[33, 34].

Occasionally, healed tuberculomas appear as 
calcified points on noncontrast CT (Fig. 13.14). 
Also, several years after healed TBM, calcifica-
tions within basal cisterns or brain sulci may be 
seen [35]. On MR spectroscopy tuberculomas 
demonstrate lipid level peaks at 0.9 ppm, 1.3 ppm, 
2.0  ppm, and 2.8  ppm; these peaks are due to 
presence of the high lipid content of the mycolic 

Fig. 13.11  Tuberculoma with TBM. Axial post-contrast 
T1-weighted image through the lateral ventricles shows a 
tuberculoma as a cortical ring-enhancing lesion in left 
frontal lobe. There is also another small tuberculoma in 
right occipital lobe. Dural and leptomeningeal enhance-
ments in left frontoparietal region indicate associated 
TBM

b ca

Fig. 13.12  Multiple tuberculomas. (a) T2-weighted 
image through the lateral ventricles shows lesions with 
hypointense core and peripheral hyperintensity in bilat-
eral frontotemporal regions. Axial (b) and sagittal (c) 

post-contrast T1-weighted images show scattered bilat-
eral cerebral tuberculomas as ring-enhancing lesions 
without peripheral edema. A cerebellar tuberculoma is 
also seen (c)
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acid in the mycobacterial cell wall. In contrast to 
pyogenic abscesses which show amino acid reso-
nances at 0.9 ppm at MR spectroscopy, this fea-
ture is not seen in TBAs [5].

13.4.3	 �Miliary Tuberculosis

Brain miliary TB is a very rare form of TB which 
is seen mainly in severely immunodeficient 
patients. It is often accompanied with meningitis 
or an extracranial primary TB infection [36]. The 
dissemination is always hematogenous, and 

therefore the military lesions often lodge at the 
corticomedullary junctions.

Miliary tuberculomas are usually tiny 
(2–3  mm) dispersed lesions. The lesions usu-
ally are not seen on CT images and may be 
also invisible on noncontrast MRIs. In vis-
ible lesions, MRI shows small lesions that are 
hypointense on T2-weighted sequences. These 
lesions occasionally can be hardly seen as small 
hypodense foci on CT images [16]. Post-contrast 
MRIs usually demonstrate innumerable homoge-
neously enhancing small round lesions (usually 
ring enhancing) (Fig. 13.15) [26]. MT spin echo 

b ca

d e

Fig. 13.13  Contrast-enhanced CT of the head showing 
multiple enhancing lesions with perilesional edema and 
an extra-axial collection in left frontal region, with sug-
gestion of midline shift to the right (a). The extra-axial 
collection is iso- to hypointense on T1  W (b) and 

T2-FLAIR (c). SPGR-contrast images (axial, d; sagittal, 
e) show multiple ring lesions (tuberculomas) with an 
extra-axial enhancing collection (en plaque tuberculoma) 
(Courtesy of R. K. Garg, M.D.)
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T1-weighted images (with or without contrast) 
can detect invisible lesions on routine MRIs even 
those without enhancement [27].

13.4.4	 �Tuberculous Encephalopathy

This type of CNS TB characteristically involves 
the young children. These patients may present 
with neurologic signs such as convulsion, stu-
por, and coma. There may be no signs of focal 
neurological deficit or meningeal irritation. 
Severe cerebral edema, which may be unilateral 
or bilateral, is the main neuroimaging finding. 
Sometimes, hypoattenuating areas on CT images 
and hyperintensity areas on T2-weighted MRIs 
may be seen due to myelin loss in the white mat-
ter [8, 13, 37].

13.5	 �Tuberculous Ventriculitis

In addition to the subarachnoid space and brain 
parenchyma, M. tuberculosis can infect the 
ventricles called “ventriculitis.” Despite high 
incidence of TBM in endemic areas, there are 
a few reports of TB ventriculitis [38, 39], and it 
seems to be underestimated [38]. Main CT and 
MRI findings include intraventricular debris 
(mostly in occipital horns), ventricular dilata-
tion, periventricular edema, subependymal (or 
choroidal) enhancement, and restricted dif-
fusion (Fig. 13.16). Singh et  al. [38] reported 
five patients of TB ventriculitis. Enhancement 
of ependymal wall of lateral ventricle or fourth 
ventricle was seen on MRIs of these patients 
along with restricted diffusion and hydrocepha-
lus. Intraventricular septations, sequestered 
ventricles, and ventricular sludge were also 
seen in some patients. They concluded that 
sequestered ventricles (intraventricular septa-
tions) and enhanced or hyperintense ependy-
mal wall on MT images are suggestive for TB 
ventriculitis.

13.6	 �Miscellaneous Forms of CNS 
Tuberculosis

Beside the abovementioned presentations, CNS 
TB may present as other forms such as subdu-
ral or epidural abscess, spinal or spinal cord 

Fig. 13.14  Treated tuberculoma. Axial CT image in a 
patient with history of treated TB shows a calcified lesion 
in right frontal lobe without edema or mass effect

Fig. 13.15  Miliary brain TB.  Axial post-contrast 
T1-weighted image shows numerous bilateral tiny enhanc-
ing nodules. This young female patient presented with 
chronic cough, headache, dizziness, nausea, and vomiting
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b ca

Fig. 13.16  Axial (a, b) and sagittal (c) post-contrast 
T1-weighted MRIs demonstrate marked enhancement in 
posterior horn of left lateral ventricle and adjacent subtle 

ventricular wall enhancement. There is also a ring-
enhancing tuberculoma in left thalamus

Fig. 13.17  TB epidural and subdural empyema. Coronal 
post-contrast T1-weighted MRI demonstrates dural 
enhancement and epidural and subdural collections with 
thick enhancing walls in right frontal region. The epidural 
component extended to the left side. Involvement of dip-
loe indicates calvarial involvement

TB, and calvarial TB. Intracranial subdural or 
epidural abscess may be seen with or without 
a primary CNS TB.  Imaging features of the 
abscess are similar to that of other pyogenic 
abscesses, i.e., isosignal to hyposignal inten-
sity on T1-weighted images and hypersignal or 
mixed signal intensity on T2-weighted images. 
These lesions typically show rim enhancement 
on post-contrast MRI or CT images (Fig. 13.17) 
[33]. Atypical imaging presentation of CNS 
TB is not infrequent, and brain TB sometimes 
mimics a mass lesion leading to unnecessary 
surgery (Fig. 13.18).
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�Conclusion

TBM is the most common form of CNS TB, 
followed by tuberculoma. Enhancing exudate 
in the basal cisterns is the hallmark of 
TBM. Tuberculoma often presents as single or 
multiple ring-enhancing lesion(s) with or 
without evidence of TBM. Diagnosis of CNS 

TB is a challenging issue because of its insidi-
ous course and nonspecific clinical presenta-
tions and also sometimes atypical imaging 
presentations such as a mass-like lesion. 
Therefore, the neuroimaging plays a key role 
in early diagnosis of this curable disease and 
reducing its morbidity and mortality rates.

ba

dc

Fig. 13.18  Atypical presentations of CNS TB. (a–d) These are four different patients with CNS TB mimicking cere-
bral or cerebellar mass lesions. In case of (c) the diagnosis of TB was made after a complicated surgery
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Abbreviations

AFB	 Acid-fast bacilli
Anti-TB	 Antituberculous
CNS	 Central nervous system
CSF	 Cerebrospinal fluid
CT	 Computed tomography
HIV	 Human immunodeficiency virus
IICP	 Increased intracranial pressure
MRI	 Magnetic resonance imaging
Neuro-TB	 Neurotuberculosis
SAH	 Subarachnoid hemorrhage
TB	 Tuberculosis
TBA	 Tuberculous brain abscess
TBM	 Tuberculous meningitis

14.1	 �Introduction

Tuberculosis (TB) is one of the few infectious 
diseases that have resisted eradication despite the 
improvement of valuable anti-TB drugs. Prior to 
any successful treatment, initial diagnosis of cra-
niocerebral TB should be suspected and con-
firmed early. The correct diagnosis can generally 
be recognized based on the patient’s comorbidi-
ties, the neurologic status, the duration of disease 
before diagnosis was established, the potential 
primary source of infection, biologic and imag-
ing results, and more pertinent the microbiologic 
or histologic confirmation. While the main tools 
in the treatment of central nervous system (CNS) 
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TB are chemotherapeutic drugs, their correct 
selection and dosage, the indication for adjunc-
tive surgical therapy, and the radiological follow-
up monitoring may go over the scope of a single 
specialist. So, the need for interdisciplinary and 
cooperative management of patients with neuro-
tuberculosis (neuro-TB) has been recognized. 
The part of surgery in the treatment of 
craniocerebral TB has declined clearly with the 
advent of successful anti-TB chemotherapy. 
However, neurosurgeons are still applied in the 
management of many presentations with this 
complex and potentially devastating disease.

The indications and performance of surgery 
for different varieties of cranial and intracranial 
TB are presented in this chapter. It deals compre-
hensively with the modern techniques concerned 
in the surgical strategy of brain parenchymal 
lesions. A part of the chapter is dedicated to the 
indications and procedures of surgical treatment 
of cranial bone TB. At the end of this chapter, 
there is a presentation of surgical management of 
TB of CNS with cerebrovascular involvement.

14.2	 �Surgical Therapy for Brain 
Tuberculoma

Tuberculoma is the second most common compli-
cations of neuro-TB [1–3]. The presentations of 
intracranial tuberculomas are highly variable, 
including brain tuberculomas, miliary tuberculo-
mas, and tuberculoma en plaque among others. 
Different pathological changes probably depend on 
the type and virulence of Mycobacterium tubercu-
losis and on the host immune response to the infec-
tion. Brain tuberculomas can be single or multiple, 
with or without coexisting meningitis. They can 
occur in any part of the brain, mainly in the poste-
rior fossa in children and supratentorial compart-
ment in adults. Miliary tuberculomas may be a 
component of generalized pathological process, 
with primary focus located in the lung or elsewhere 
in the body [1, 2] (Fig. 14.1). These lesions are 
small (less than 5 mm), located at cortico-subcorti-
cal junction of the brain parenchyma in the distribu-

tion of perforating vessels [4] (Fig. 14.2). 
Tuberculomas may mimic “en plaque meningio-
mas” with dural-based, mass-forming localized 
meningeal process. They are usually found along 
the frontal convexity, interhemispheric fissures, ten-
torium, and in the posterior fossa [5–7] (Fig. 14.3).

Treatment of TB of CNS is primarily medical: 
all confirmed intracranial tuberculomas should be 
treated with anti-TB drugs. Neurosurgical inter-
vention may be required for treatment of mass 
lesions, no success of medical therapy, manage-
ment of increased intracranial pressure (IICP), 
and for CSF diversion in cases of hydrocephalus.

For many authors, each patient’s care should be 
individualized and adapted to the particular char-
acteristics of the patient and the brain tuberculo-
mas [1–3, 8–10]. Undoubtedly the location, the 
size of tuberculoma, and the confirmation of TB 
through other diagnostic studies have to be taken 
into consideration when planning therapy for pre-
sumed intracranial tuberculoma. Single brain 
tuberculomas causing midline shift and IICP, and 
do not succeed to respond to anti-TB therapy, must 

Fig. 14.1  Chest radiography findings of pulmonary 
tuberculosis (TB) in a patient with brain tuberculoma 
(bilateral upper lobe TB lesions)
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be removed surgically. In this optic, tuberculoma 
requires complete excision. Sometimes the lesions 
are relatively hard and it is usually not easy to cut 
them. Open surgical resection has some inconve-
nience, especially when located in critical struc-
tures, since surgery itself may cause unexpected 
extensive damage to the contiguous viable paren-
chyma in an already edematous tissue [3].

Occasionally, surgical excision is performed for a 
brain mass which on imaging is diagnosed as a dif-
ferent tumoral or infectious entity, and an unsus-
pected tuberculoma is encountered (Figs. 14.4, 14.5, 
and 14.6). Indeed, many patients were misdiagnosed 
as a brain parenchyma tumor and underwent a surgi-
cal biopsy, with or without total removal of the 
lesions. The diagnosis of “tuberculoma” was made 
after surgery on histopathologic studies [11–17]. 
Neuro-TB should be considered in the differential 
diagnosis of cerebral tumors and other granuloma-
tous lesions, especially in endemic regions, and 
mainly if the patient has a history of previous TB.

Rarely, decompressive craniectomy may be 
proposed to save life in some patients with mul-
tiple tuberculomas, important brain edema, or 
potentially uncontrollable IICPs. This surgical 
technique involves the removal of a large portion 
of the cranium (unilateral, bifrontal, or suboc-
cipital) [3, 18]. Large cerebellar tuberculoma 
may cause sudden complete occlusion of 
cerebrospinal fluid pathways early. So, it should 
be completely excised via a suboccipital craniec-
tomy or more rarely through a craniotomy (Figs. 
14.7 and 14.8). For some authors, patients with 
optochiasmatic tuberculoma may require urgent 
surgical decompression when vision deteriorated 
rapidly even under anti-TB chemotherapy [11, 
19, 20].

Surgery is not just a therapeutic choice but 
also allows confirmation of the diagnosis and 
the sampling of material for bacteriological and 
histopathological diagnosis. Neuroradiology-
guided stereotactic surgery has established itself 

a b

Fig. 14.2  Axial cranial CT scan with contrast administra-
tion before (a) and after (b) ventricular shunting for a 
communicating hydrocephalus with miliary brain tuber-

culoma and meningitis (Note the shunt placement inside 
the right brain’s lateral ventricle (arrows))
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a b

c d

Fig. 14.3  Brain miliary tuberculoma with “tuberculomas 
en plaque” appearance in the posterior fossa. Axial cranial 
MRI on T1- (a) and T2-weighted image (b). Axial (c) and 

sagittal (d) MRI on T1-weighted images after gadolinium 
injection
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a b

c d

Fig. 14.4  Large calcified brain tuberculoma in the left frontoparietal area with important perilesional edema and sig-
nificant mass effect (case n°1). Axial cranial CT scan before (a, b) and after contrast injection (c, d)
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as a safe and consistent technique in obtaining 
histological diagnosis of intracranial lesions 
under local anesthesia [8, 21, 22] (Figs. 14.9, 
14.10, and 14.11). Also stereotactic procedure 
may be performed for surgical localization (pre-

planning), especially when brain tuberculomas 
are deep seated, small, and situated in the elo-
quent areas of the brain [9]. Small, superficial 
lesions are best excised because of stereotactic 
biopsy being technically difficult and poten-
tially hemorrhagic due to bleeding from superfi-
cial cortical vessels. Transsphenoidal biopsy 
may be used with a suspected sellar tubercu-
loma; however, CSF fistula should be avoided 
[10].

Proof of TB origin is by either a positive 
culture of the specimen for M. tuberculosis, 
demonstration of acid-fast bacilli (AFB), or 
histopathologic evidence of TB granulomas. 
Newer genomic techniques like polymerase 
chain reaction (PCR) for M. tuberculosis can 
provide valuable tool for diagnosis of TB 
particularly from paucibacillary specimens as 
tuberculoma [23].

Hydrocephalus in patients with TB of CNS is 
most frequently “communicating” rather than 
“obstructive” [24, 25]. Classical features of 

Fig. 14.5  Axial cranial CT scan on bone windows with 
signs of increased intracranial pressure: prominent 
impressions on the inner table of the skull (beaten copper 

appearance) (arrows) associated with disjunction of the 
coronal suture (double arrows) (case n°1)

Fig. 14.6  Macroscopic appearance of the brain tubercu-
loma: yellowish, firm, and relatively avascular mass (case 
n°1)
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tuberculous meningitis (TBM) are thick enhanc-
ing basal exudates, associated tuberculomas, and 
infarcts in addition to the presence of hydrocepha-
lus (Figs. 14.2 and 14.12). For patients with acute 
obstructive hydrocephalus or with large cerebellar 
tuberculoma, urgent CSF diversion with an 
external ventricular drain is mandatory in 
life-threatening conditions or as a salvage method. 
The CSF drainage will be either progressively 
withdrawn over time and removed or changed by 
a definitive shunt afterward. Persistent hydro-
cephalus is treated with an internal shunting sys-
tem (Fig. 14.13). Shunts may need replacement 
due to obstruction by high proteinorrachia. 
Although there was an initial apprehension of 
propagating the disease via a ventriculoperitoneal 
shunt with the risk of a TB peritonitis, this has not 
been described to date in any patient under anti-
TB therapy [3]. In cases of communicating hydro-
cephalus, the surgical plan is more complex: 
please refer to Chaps. 29 and 30 about shunt sur-
gery and endoscopic third ventriculostomy in 
TBM with hydrocephalus. Unfortunately, compli-
cations of shunt surgery are higher in patients 
with TBM than in patients with other conditions. 
Common complications include shunt obstruc-
tion, shunt infections, abdominal pseudocysts, 
and erosion of the skin over the shunt components 
[26, 27]. Relating to the operating theater, no spe-
cial measures are needed when patients with 
neuro-TB are operated on [3].

Although prescription of corticosteroids in 
brain tuberculomas is controversial, steroids may 
be useful in patients with IICP, significant brain 
edema with mass effect/midline shift, compro-
mised mental or neurological condition,  and 
potentially life-threatening situations such as 
brain herniation [2]. Besides surgical procedures, 
anti-TB drugs, and corticosteroids, many other 
adjunctive therapies may be required. These con-
comitant therapies differ with site and severity of 
the disease and may include:

•	 Intubation and mechanical ventilation.
•	 Corrections of electrolyte imbalances.
•	 Proper nutrition against anorexia and 

malnutrition.
•	 Management of comorbidities and other 

underlying medical problems.
•	 Identification and treatment of any other 

source of infection.
•	 Anticonvulsants, anticoagulations, analgesics, 

and antipyretics.
•	 Functional rehabilitation may be needed in the 

aftercare of the patient.

Immunocompetent patients with single non-
complicated brain tuberculoma have a good out-
come [2]. Seizures most often resolve after 
successful treatment of the underlying TB of 
CNS [28]. Residual deficits are not rare. Patients 
with poor general health, those with drug 

a b c

Fig. 14.7  Axial (a), sagittal (b), and coronal (c) T1-weighted MRI after gadolinium injection revealing a cerebellar 
tuberculoma (star) in the right side (case n°2)
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a b

c d

Fig. 14.8  Operative views in the same patient (case n°2). Right side, suboccipital craniectomy (a) and total excision of 
the cerebellar tuberculoma (b, c). Macroscopic appearance of the completely removed granulomatous mass (d)
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resistance TB, and those with immunodeficiency 
disorders have a poor prognosis [2, 3, 29].

14.3	 �Surgical Therapy 
for Tuberculous Brain 
Abscess

Tuberculous brain abscess (TBA) is a rare form of 
TB of CNS distinct from tuberculoma [30, 31]. 
According to Whitener’s criteria of 1978  [32], 
TBA is characterized by verification of pus for-

mation within brain parenchyma, vascular granu-
lation tissue containing acute and chronic 
inflammatory cells without epitheloid granuloma, 
or the presence of AFB or M. tuberculosis growth 
on culture. Liquefied tuberculoma can lead to the 
formation of central purulent material without 
evidence of AFB. These also mimic a tuberculous 
abscess on CT scan and MRI studies but can only 
be distinguished at histopathologic study [33]. 
Abscesses are usually single and larger, have 
greater mass effect and edema, and grow more 
rapidly than the tuberculomas. Before the 

a b

Fig. 14.9  Axial cranial T1-weighted MRI following gadolinium administration revealing a Rolandic tuberculoma in 
the right side (a). Stereotacic-guided brain biopsy of the lesion in the same patient (Radionics* CRW* frame) (b)

a b c

Fig. 14.10  Brainstem (pontomesencephalic) tuberculoma (case n°3). Axial (a) and sagittal reconstructions  
(b) CT scan after contrast administration and coronal cranial T1-weighted MRI after gadolinium injection (c)
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introduction of antibiotics, most TBAs were 
found at autopsy in patients who died of meningi-
tis, TB, or generalized sepsis [32]. Today, TBA is 
still a diagnostic challenge especially in the 
absence of concomitant extracranial disease. 
Epidemiologically, more than two-thirds of 
patients with TBAs had a previous history of 

tuberculosis, and many are receiving anti-TB 
therapy when the abscess is diagnosed [34, 35]. 
Indeed, TBAs will occur or paradoxically increase 
during continuation of anti-TB chemotherapy for 
pulmonary or TB of CNS [30, 36–38]. On neuro-
imaging studies, TBA is often indistinguishable 
from other infectious, parasitic, neoplastic, or 

a b c

Fig. 14.12  Brain MRI on axial enhanced- T1-weighted 
image (a) and coronal T2-weighted image (b) of a patient 
with meningoencephalitis (Note the prominent exudates 
involving the basal meninges and the extensive brain 

edema). He was also operated on for a communicating 
hydrocephalus. Axial T1-weighted image (c) showing a 
right lateral ventricular shunting [arrows]

Fig. 14.11  Axial cranial 
CT scan with contrast 
injection during 
preplanning procedure of 
stereotactic-guided 
brainstem biopsy in the 
same patient (Leksell* 
frame) (case n°3)
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cystic lesions [39, 40] (Fig. 14.14). Unlike pyo-
genic bacterial infections, microbiologic sensitiv-
ity testing for TBA is difficult, as the mycobacterial 
cultures may take weeks to become positive. 
Although it is benign and curable, a delayed diag-
nosis and treatment may lead to considerable 
morbidity and mortality especially in immuno-
compromised hosts [38, 41–43].

The most important indications for surgery in 
a patient with a TBA on imaging explorations 
are (a) to reduce intracranial pressure, (b) to 
obtain a definitive diagnosis, (c) to diminish the 
size of the abscess collection, and (d) to eradi-
cate the pathogen agent if possible. Anyway, 
anti-TB therapy remains the mainstay of 
treatment.

Fig. 14.13  View of the operative field for a ventriculo-
peritoneal shunting procedure. The surgeon will make a 
small incision behind the right ear [arrow] and drill a 
small hole in the skull. One catheter is threaded into the 
brain through this opening, and another is placed under 

the skin behind the ear. This tube is snaked down to the 
chest and abdomen; this allows excess CSF to drain away 
into the abdominal cavity (via a small paraumbilical inci-
sion [arrowhead]) where the body absorbs it

a b

Fig. 14.14  TB cerebellar abscess in the left side with surrounded edema. Axial T1-weighted MRI following gadolin-
ium injection (a) and on FLAIR sequence (b)
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Clinical status of the patient, neuroimaging 
appearance of the abscess, and the effectiveness 
of medical therapy help in the surgical treatment 
planning. In general, neurosurgical indications 
for TBA do not differ significantly from those of 
other infectious pathogens. All intraparenchyma-
tous brain abscesses bigger than 2  cm must be 
aspired [44, 45]. Urgent surgical procedure 
should be performed with considerable mass 
effect, obstructive hydrocephalus, edema, IICP, 
progressive focal neurological deficit, or clinical 
worsening during conservative management. 
Posterior fossa abscesses often necessitate urgent 
surgery due to the important possibility of brain 
herniation [46, 47] (Fig. 15.4). In addition, juxta-
ventricular abscess presents the risk of intraven-
tricular rupture.

The main methods for surgical management 
of brain abscesses are freehand or endoscope-
assisted aspiration of the purulent material 
with or without stereotactic neuroimaging 
guidance, drainage by craniotomy or craniec-
tomy with/without intraoperative ultrasound 
guidance, or complete removal of the abscess 
collection [21, 22, 45, 48]. The choice of the 
best procedure is not easy. Each surgical 
method has its distinct advantages and indica-
tions. Although craniotomy with surgical exci-
sion was the main treatment used for many 
years, needle aspiration has gradually substi-
tuted this technique, thinning the aggressive-
ness of surgical approaches. As mentioned 
above, this enhanced management has been 
possible, thanks to the advances of neuroimag-
ing technology and stereotactic techniques 
which allow the accurate puncture of these 
lesions through burr holes with minimum brain 
damage.

Stereotactic-guided approaches optimize the 
selection of the trajectory and needle placement 
for pus aspiration. This technique is preferred in 
eloquent or deep-seated location (thalamus, basal 
ganglia, or brainstem areas) [8, 22]. This is also 
the ideal procedure in patients with poor clinical 
status as the biopsy can be done under local anes-
thesia. The introduction and improvement of fra-
meless stereotactic systems have partly simplified 
this procedure. Now, neuronavigation is widely 

used for brain abscess drainage. The most disad-
vantage of stereotactic aspiration is the need for 
repeated procedures (because incomplete evacu-
ation of thick purulent material), surgical 
bleeding into the abscess cavity [21], and CSF 
leakage.

Whereas open surgical excision is an appro-
priate alternative for large, multiloculated, cer-
ebellar abscesses and in those that do not 
respond to aspiration or to medical anti-TB ther-
apy alone [44]. Worsening of neurological defi-
cits, cognitive and learning impairment in 
children, and seizures have been described in 
some cases following surgical excision. 
However, for many authors, craniotomy and 
surgical excision (when possible) still have bet-
ter results for TBAs because they have a lower 
frequency of recurrence, shorter hospitalization, 
and overall lesser cost of treatment [34, 37]. In 
this context, monobloc removal (in one piece) of 
the abscess is the ideal method to avoid the 
spillage of purulent content in the operative 
field and the reinfection of injury surrounding 
brain parenchyma.

Great care should be taken at the time of sur-
gery not to inoculate the ventricular system with 
purulent material. Regarding bone flap, it may be 
replaced at the end of operative time if not 
grossly infected [45]. For some authors, early 
anti-TB chemotherapy should be well respected 
in all cases of suspected TBAs even before sur-
gery, in order to reduce the risk of postoperative 
TBM [34, 49].

All pus sample should be sent for bacterio-
logic (both aerobic and anaerobic, specific and 
non-specific), mycologic, parasitologic, and his-
topathologic studies. Surgically excised and 
pathologically evaluated specimens remain the 
gold standard for diagnosing TBAs [37]; how-
ever a second concomitant pathogen may be 
associated and should always be taken into con-
sideration [47, 50, 51]. As mentioned previously, 
CSF diversion is mandatory in the presence of 
obstructive or persistent hydrocephalus. 
Supportive therapy measures should also be 
taken into consideration.

There is still some controversy regarding 
the best surgical approach for other intracranial 
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purulent collections. Surgical management is 
indicated in almost all cases of subdural empy-
ema for cerebral decompression, drainage of 
purulent content, and identification of the 
causative pathogens. Interventions include 
burr hole drainage, stereotactic drainage for 
deep-seated parafalcine or tentorial empy-
emas, and large craniotomy for irrigation, 
debridement, and drainage. Although good 
results have been reported via burr hole drain-
age, many authors prefer to achieve a generous 
craniotomy covering as much as the affected 
brain surface as possible, crossing the midline 
when interhemispheric collections are present 
[52–54]. The dura matter may be not easy to 
open because of its friability and thickness. 
While observable, the pus is softly aspirated 
by moderate suction. Subdural collections 
under the craniotomy edge should be able to 
be drained by passing a flat dissector into the 
subdural space and gently depressing the brain 
surface by a few millimeters. The dura should 
be closed following draining the empyema to 
avoid a CSF leak. Repeat surgical procedures 
may be necessary if needed. Burr hole crani-
otomy for decompression with irrigation, 
debridement, and drainage is required in a 
majority of patients with epidural abscess 
[55]. However, in some cases with more solid 
organized granulomatous collection with/
without cranial vault osteomyelitis, a large 

bone flap is needed [56]. A delay in surgical 
treatment has been related with important 
morbidity and mortality rates.

Finally, combination of surgical treatment 
with standard anti-TB regimen appears to 
decrease morbidity and mortality of intracranial 
suppurations due to TB.

14.4	 �Surgical Therapy for Cranial 
Osteomyelitis 
Due to Tuberculosis

Management of tuberculous cranial osteomyeli-
tis is a challenge due to the intimate anatomical 
relationship of the brain and its coverings with 
the cranial bone and the scalp. Because tubercu-
lous cranial osteomyelitis is somewhat unusual, it 
may not be widely recognized. It should be sus-
pected in disseminated TB or in any draining 
lesion of the skull that is sterile or fails to respond 
to usual antibiotic therapy (Fig. 14.15). As men-
tioned above, some presentations may occur in 
the setting of human immunodeficiency virus 
(HIV) infection [57]. The part of surgery in the 
treatment of cranial bone TB has declined clearly 
with the advent of effective anti-TB drugs. For 
numerous authors, surgery is indicated only for 
diagnosis purposes, for removal of epidural 
collections and/or large sequestra, and for 
patients with discharging sinuses, intracranial 

a b c

Fig. 14.15  Chronic temporoparietal tuberculous osteo-
myelitis. Axial cranial CT scan (a), T1-weighted MRI 
after gadolinium injection (b), and on T2-weighted image 

(c) showing bifocal (arrows) cranial bone defect (arrows) 
with mild extracranial and epidural extensions
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extensions, or large collections of caseating 
material causing mass effect or IICP [56, 58–61]. 
For others, debridement of bone lesion not only 
offers tissue for microbiological and histopatho-
logical examinations but also facilitates in accel-
erated healing by allowing chemotherapeutic 
drugs to penetrate the infected regions [58, 62, 
63].

When performed, extradural granulation tis-
sue and osteolytic lesion should be removed till 
normal bone is encountered, but dura matter 
should be left intact to avoid CSF fluid contami-
nation. It is important to collect as much material 
as possible from fluid, granulomatous lesions, 
purulent substance, and tissue specimens [64]. 
The possibility of polymicrobial infections with 
a mixture of mycobacteria and pyogenic bacteria 
or fungi must be always taken in consideration 
[58, 60, 65]. One of our patients had a temporal 
cranial vault osteitis with brain extension involv-
ing Serratia liquefaciens and M. tuberculosis at 
the same time [50]. Discharging sinuses should 
also be excised and the scalp closed [66]. The 
quality and integrity of extracranial soft tissue 
must be evaluated for postoperative wound clo-
sure and the necessity of flap coverage [60]. If 
necessary, cranial bone defect (cranioplasty) 
may be closed following a minimum of 6 months 
after the healing of the infectious process [64]. It 
is also important to consider TB in post-craniot-
omy bone flap osteomyelitis (surgical site infec-
tions). Two cases were previously described: 
following craniotomy for a glioma [67] and sec-
ondary to evacuation of an acute subdural hem-
orrhage [68]. Although unusual, attention should 
be paid to the possible occurrence of TB cranial 
osteomyelitis following a traumatic head 
injury [69–71].

Superficial extracranial infection with mild 
osteomyelitis of the skull can be treated with 
anti-TB drugs alone. However, all patients should 
be followed vigilantly and reevaluated if there is 
evidence of clinical and/or paraclinical worsen-
ing, and if necessary surgical intervention must 
be performed. Sometimes, simple percutaneous 
drainage and limited scalp incision are sufficient 
to drain small superficial abscess and to collect 
specimens for bacteriologic and histopathologic 

examinations. In some superficial limited infec-
tion, fine needle aspiration cytology was able to 
diagnose TB infection without using surgical 
debridement [60].

In the skull base, surgical debridement is often 
not suggested because of the elevated risk of 
complication [64, 72]. The danger of incontrol-
lable bleeding and injury to the brainstem or 
important cranial nerves is important. However, 
surgery can be limited to biopsy, drainage of 
large abscesses, debridement of extracranial soft 
tissue, and removal of osseous sequestrum if pos-
sible [58, 73, 74].

Prognosis of TB cranial osteomyelitis depends 
on the general health status, the extension of local 
lesion, the early confirmation of diagnosis, and 
the response to treatment. Regular follow-up 
(clinical, biological, and on neuroimaging study) 
is necessary for an entire cure. When infection 
remains or progresses even with anti-TB regimen 
or when it recurs, reoperation may be indispens-
able [58]. Overall, the prognosis is usually 
favorable.

14.5	 �Surgical Therapy 
for Cerebrovascular 
Manifestations 
of Tuberculosis

Cerebrovascular manifestations of neuro-TB are 
common in the medical literature and may repre-
sent its most serious complication with signifi-
cant morbidity and mortality [75–83]. These 
conditions may cause cerebral infarcts and rarely 
hemorrhages [84–93]. From the neuropathologic 
point of view, vascular damages are related to 
variable lesions such as infiltrative, necrotizing 
(small branches), and proliferative changes 
(larger branches) [12, 94]. More rarely, venous 
thrombosis and mycotic aneurysms with or with-
out rupture may occur [70, 95–100]. In some 
patients, the severity of the neurological presen-
tation makes impossible to recognize a specific 
stroke syndrome, and cerebrovascular complica-
tions are only identified on autopsy [77, 101, 
102]. Surgical intervention may be discussed in 
some situations.
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Intracranial aneurysms related to TB of CNS 
are rare, representing about 1% of all infectious 
intracranial aneurysms [103]. In reviewing the 
literature, we found reports of only six cases 
since 2000 [77, 92, 96, 97, 99, 104]. Three rec-
ognized sources of tubercular intracranial aneu-
rysmal formation were previously suggested 
[92]: endovascular spread or intravascular source 
[78], hematogenous extension with autoimmune 
response to TB [87], and direct extravascular 
infection [87, 92, 97]. Classically, patient who 
presents a mycotic aneurysm must be placed on 
appropriate antibiotics that realize therapeutic 
levels in the CNS, inspite of whether the patient 
is to undergo surgical therapy. Patients with rup-
tured infectious aneurysm and intracranial 
bleeding should be considered for surgical 
removal if they have a peripheral aneurysm with-
out important anesthetic risk. A more conserva-
tive approach was suggested in patients with 
proximal aneurysms, because these aneurysms 
are not easy to clip in the acute period. For 
unruptured lesions, surgery must be performed 
only if the aneurysm enlarges. We must take in 
mind that because of the friable nature of mycotic 
aneurysms, clip ligation cannot always be 
achievable. In this case wrapping the aneurysm 
dome is a surgical alternative, as is trapping the 
parent artery [103]. Delayed surgical therapy 
may reduce the danger of perioperative rupture 
and permit the aneurysm to mature from a friable 
acute lesion to a more fibrotic chronic lesion 
[105].

Although these recommendations are rela-
tively reasonable, one cannot be dogmatic 
about managing patients with this rare compli-
cation. In 2000, a 9-year-old boy presented 
with an intraventricular bleeding due to a rup-
tured posterior inferior cerebellar artery infec-
tious aneurysm. He had been diagnosed as 
having miliary TB and TBM and had been 
treated with chemotherapy and ventriculoperi-
toneal shunting 7  months previously. The 
aneurysm was successfully treated by craniot-
omy and clipping [96]. Manka et al. presented 
a young woman with acute intracerebral hem-
orrhage secondary to a ruptured septic arteria 
cerebri media aneurysm. She had also miliary 

lung TB. Surgery was not performed, and the 
patient was treated only by anti-TB regimen 
with acceptable minor neurologic symptoms 
after cessation of the treatment [104]. Roh 
et al. reported the case of a 76-year-old woman 
who had two saccular aneurysms arising from 
the right distal internal carotid artery and 
proximal middle cerebral artery complicated 
by subarachnoid hemorrhage (SAH) with con-
comitant TBM [92]. The aneurysms were 
treated conservatively and the patient’s condi-
tion was last reported to be stable [92]. Another 
young woman presented with a subcortical 
tuberculoma of the left parietal lobe with adja-
cent multiple small inflammatory unruptured 
aneurysms in the distal middle cerebral arter-
ies. The tuberculoma was totally removed, and 
the aneurysms were secured by wrapping and 
fibrin tissue adhesive with a good outcome 
[97]. The sophistication and usefulness of 
endovascular options for aneurysm treatment 
have increased in the past three decades. Saraf 
and Limaye presented an atypical case of 
intracranial tuberculomas complicated by 
intralesional bleeding secondary to a mycotic 
TB aneurysm managed successfully by endo-
vascular treatment [99].

In some cases, surgery may also be per-
formed to prevent cerebral ischemia after TBM 
[76, 106]. Misch et al. presented a 5-year-old 
girl with recurring ischemic episodes in the left 
middle cerebral artery territory that were 
refractory to repetitive endovascular proce-
dures [106]. For this patient an extracranial-
intracranial bypass surgical procedure was 
successfully performed with a favorable out-
come [106].

In patients who develop clinical and radiologi-
cal signs of impending brain herniation including 
hemispheric infarction, ischemic swelling, SAH, 
and spontaneous intracerebral hemorrhage, early 
neurosurgical consultation is recommended. In 
some selected cases, decompressive craniectomy 
may be proposed. As seen above, this surgical 
technique involves the resection of a large portion 
of the cranium in the setting of life-threatening 
brain swelling or potentially unmanageable intra-
cranial pressures.
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�Conclusion

Craniocerebral TB is a complex and poten-
tially devastating infection. Since early diag-
nosis and initiation of medical treatment are 
very important in preventing morbidity and 
mortality, the possibility of surgery is required 
in some patients such as treatment of mass 
lesions, failure of medical therapy, manage-
ment of IICP, and for CSF diversion in cases 
of hydrocephalus. Surgical interventions can 
be also diagnostic by collecting specimens of 
material for microbiological and histopatho-
logical studies. Close harmonization of care 
between infectious disease specialists and 
neurosurgeons is extremely important. Each 
patient’s care must be individualized and 
adapted to the particular characteristics of the 
patient and the craniocerebral lesions. 
Undoubtedly the location, the type, the num-
ber, and the size of lesions, as well as the con-
firmation of TB through other diagnostic 
studies, have to be taken into consideration 
when planning therapy. Neuroradiology-
guided stereotactic surgery has established 
itself as a safe and consistent technique for 
aspiration, localization, and biopsy of intra-
cranial lesions under local anesthesia.
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15.1	 �Introduction

Tuberculosis (TB) of the bones remains rare, 
accounting for only about 1% of all cases of TB 
[1–4]. Based on findings reported by over 200 
countries that account for almost all of TB cases 
in the world, the latest report from the World 
Health Organization (WHO) on TB control indi-
cates a global decrease on its prevalence and 
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mortality rates since 1990, suggesting existence 
of major progress [5]. Nevertheless, spinal TB, 
known as “Pott’s disease”, as an important cause 
of vertebral infection is still frequent in underde-
veloped countries, and the most common extra-
pulmonary location of TB is the spine, accounting 
for over 50% of the cases of osseous involvement 
[3, 4, 6]. As a result of haematogenous dissemi-
nation, vertebral involvement develops and then 
infection spreads to the intervertebral disc (IVD) 
tissue, the adjacent vertebrae and/or paraspinal 
area. TB predominantly involves the thoracic 
spine and then cervical and lumbar regions of the 
spine with late sequelae including severe kypho-
sis and paraplegia. This chapter focuses on cer-
tain aspects of Pott’s disease with emphasis on 
pathogenesis, imaging modalities and current 
surgical techniques.

15.2	 �History

In 1782, the English surgeon Sir Percivall Pott 
(1714–1788) firstly described the clinical presen-
tation and pathologic findings of spinal TB infec-
tion [7]. In 1905, the German microbiologist 
Robert Koch isolated the causative organism, 
Mycobacterium tuberculosis [8]. However, TB 
disease has been known for many centuries, and 
scientists found that humans were infected with 
the disease in Africa approximately 5000  years 
ago [9], while other researchers suggested that 
the TB bacteria typical vertebral lesions are older 
than 6000 years in Peru, called the Peruvian pre-
Columbian era [9]. The Ebers Papyrus which was 
found between the legs of a mummy in Egypt 
from around 1550 BC, called the Egyptian predy-
nastic era, described involvement of TB disease 
[10, 11]. Then, Greek physician Hippocrates 
described the characteristics of the disease as 
“phthisis” and “consumption” and stated the ill-
ness as nearly always fatal [12].

The incidence of TB grew gradually dur-
ing the Middle Ages and Renaissance period 
[12]. Historically, the first evidence for TB in 
humans relies on lesions compatible with bone 
TB in a 500,000-year-old skull in Turkey [13]. 
Recently, however, a morphological and molec-

ular evidence of TB infection was detected in 
humans in the eastern Mediterranean from the 
Neolithic period dating from 9000  years ago 
[14]. To the best of our knowledge, this finding 
is the oldest scientific evidence of TB infection 
in humankind to date.

15.3	 �Epidemiology

In 2013, Dara et al. [15] reported that TB-related 
deaths decreased by 40% between 1990 and 2010 
[15]. In recent years, however, there are increased 
inflation, poverty, unemployment, human immu-
nodeficiency virus/acquired immunodeficiency 
syndrome (AIDS) infections, resistance to anti-
TB chemotherapeutic agents and immigration 
from endemic areas to non-endemic regions of 
the world, albeit extensive efforts for control of 
TB infection [16, 17]. As a result, in many coun-
tries of the world like Turkey, the revival in TB 
has been associated with an associated increase 
in TB of central nervous system including in 
Pott’s disease [3, 4, 18–20]. Today, it is accepted 
that about one-third of the world’s population 
harbour TB caused by the bacillus, M. tubercu-
losis, which is rarely seen in organs other than 
the lung [17].

15.4	 �Pathogenesis

Vertebral involvement originates from dissemina-
tion patterns of the TB infection in a distant focus 
or as a result of latent reactivation [17]. Due to 
differences in the normal vascular anatomy of the 
spine, anatomical localization of involvement of 
the vertebral body may be (a) peridiscal region, 
within metaphyseal bone and beneath the ante-
rior longitudinal ligament (ALL) or posterior 
longitudinal ligament (PLL) with involvement 
of adjacent areas; (b) central region, the centre 
of the vertebral body, or adjacent regions to the 
cartilage end plate; and (c) anterior subperiosteal 
region, the anterior part of the vertebral body 
near the cortex. Classically, TB infection gen-
erally starts in the anterior vertebral body and 
propagates along the ALL or PLL, while the IVD 

M. Turgut et al.



197

is spared until very late stages of the disease. As 
a result of disease progression, kyphotic angula-
tion and gibbus deformity due to anterior verte-
bral body collapse and then a paraspinal abscess 
develop. In some cases, it may cause destruction 
in adjacent segments called “contiguous lesions,” 
or it may result in “skip lesions” or typical cold 
abscess formations (Fig. 15.1), by spread from 
the primary focus by way of the Batson verte-
bral venous system [3, 4, 21]. In some patients 
with Pott’s disease, infection produces an extra-
dural abscess without bony involvement, possi-
bly via the internal vertebral venous plexus in the 
extradural space [22]. Typically, the lower tho-
racic and upper lumbar regions of the spine are 
the most common sites of involvement (50% of 
patients), and cervical spine and lumbar spine are 
each involved in 25% of patients with Pott’s dis-
ease [3, 4, 23]. On the other hand, atypical Pott’s 
disease with involvement of the posterior verte-
bral elements alone is an uncommon entity [24].

15.5	 �Clinical Features

Most common presenting symptom manifesta-
tion of Pott’s disease is low back pain, but sys-
temic signs, such as fever, anorexia, fatigue, 
night sweats and weight loss, are frequent. Pain is 
the most common presenting manifestation and 
neurologic deficit is uncommon. The incidence 
of neurologic deficit in Pott’s disease ranges from 
5% to 100% in various clinical series, possibly 

due to varying incidence of advanced stage of 
the disease [1–4, 25, 26]. Pathophysiologically, 
spinal cord involvement may result from direct 
pressure from abscess formation and/or bony 
sequestrum as a complication of osteomyelitis 
in Pott’s disease. In clinical practice, the limited 
symptoms and absence of specific radiological 
changes early in the course of the infection often 
result in diagnostic delays.

15.6	 �Diagnostic Studies

All over the world, an elevated erythrocyte sedi-
mentation rate and a positive intradermal tubercu-
lin skin test (TST) are still used for the diagnosis 
of extrapulmonary latent TB including Pott’s dis-
ease. It is important to remember that TST will 
occur as false negative in malnourished patients 
and AIDS patients, while they will give false-pos-
itive results for those who had been given the 
bacillus Calmette–Guerin (BCG) vaccine, as did 
many countries of the world including Turkey and 
Morocco. Therefore, these patients should be 
tested using measurement of the interferon 
gamma released into venous blood by infected T 
cells [17]. In patients with a strong suspicion of 
clinical TB, molecular biology techniques such as 
DNA amplification techniques (polymerase chain 
reaction) may be used as an alternative, although 
both specificity and sensitivity of these techniques 
are lower than to those of TB cultures [17, 27].

Accurate diagnosis can be obtained by the 
bacteriological isolation of M. tuberculosis in the 
materials of computed tomography (CT)-guided 
needle biopsy or open surgical intervention. 
Histological examination of formalin-fixed and 
paraffin-embedded tissue specimen blocks usu-
ally provides granulomatous pattern with case-
ating necrosis and giant-cell granuloma, but it is 
difficult to show typical acid-fast bacilli on stain-
ing with haematoxylin–eosin in cases receiving 
anti-TB chemotherapy in the preoperative period, 
and results of TB cultures are generally negative 
in such cases [3, 4, 28]. In these cases, however, 
every attempt should be done to obtain an adequate 
tissue sample because of the high occurrence of 
false-negative results with only aspiration.

Fig. 15.1  Cold abscess in the left thigh in case of thora-
columbar Pott’s disease (Courtesy of M.  Benzagmout, 
M.D.)
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15.7	 �Imaging Modalities

15.7.1	 �Radiography

In cases of Pott’s disease, spinal lesions sug-
gesting TB infection may be evaluated on 
standing conventional lateral radiographs as 
first-step diagnostic methods, and they are usu-

ally osteolysis involving contiguous body of the 
vertebra with diffuse osteopenia, destruction 
and kyphosis caused by bone destruction and 
ultimately bony briding, sparing the posterior 
elements (Figs. 15.2 and 15.3). Typically, Pott’s 
disease results in destruction of anterior parts 
of two adjacent vertebrae and destruction of the 
intervening IVD.

a b c d

Fig. 15.2  L4 spondylitis with centro-somatic and superior cartilage end plate invasion due to TB. Plain radiography 
(a), sagittal MRI on T1-weighted image before (b) and after gadolinium injection (c) and on T2-weighted image (d)

a b c d

Fig. 15.3  Thoracolumbar Pott’s disease. Plain radiography (a), sagittal MRI on T1-weighted image before (b) and 
after gadolinium injection (c) and on T2-weighted image (d) (Note the conus medullaris compression)
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15.7.2	 �CT Scan

CT, a valuable diagnostic tool, clearly demon-
strates the extension of soft tissue involvement, 
called paraspinal TB abscess, in addition to osse-
ous destruction in cases with Pott’s disease (Figs. 
15.4, 15.5, 15.6 and 15.7). Specifically, soft tis-
sue calcification will provide differential diag-
nosis of spinal TB from other conditions on 3-D 
CT scans, thus strongly suggesting diagnosis of 
Pott’s disease [29].

15.7.3	 �MRI

Magnetic resonance imaging (MRI) is a very 
useful noninvasive diagnostic tool among cur-
rently available techniques for spinal lesions 
earlier than the other ones (Figs. 15.2, 15.3, 
15.7, 15.8, 15.9, 15.10, 15.11, 15.12 and 15.13), 
although the definitive diagnosis of Pott’s dis-
ease cannot be established based on imaging 
finding alone [17, 29–31]. As a general rule, his-
topathological diagnosis remains essential in 
cases with Pott’s disease [27]. In cases with cold 
abscesses, MRI reveals the locations and num-
bers of these lesions and also demonstrates the 
lesions causing the spinal cord compression 
(Figs. 15.3, 15.7 and 15.13), allowing their rela-
tionship with the clinical manifestations of the 

patients and a guide for biopsy procedure for 
identification of M. tuberculosis and the best 
treatment strategy [17]. Recently, it has been 
reported that T2 STIR images can ensure the 
early detection of inflammatory oedema [17]. 
Moreover, it is important to note that TB osteo-
myelitis is encountered in 25% of cases of spi-
nal extradural abscess [24–26, 29].

15.8	 �Anti-TB Chemotherapy

Nowadays, the recommended anti-TB chemother-
apy protocol composed of 2  months of pyrazin-
amide (PZA) (30–40  mg/kg), isoniazid (INH) 
(5–15 mg/kg), ethambutol (EMB) (15–25 mg/kg) 
and rifampicin (RIF) (10–20 mg/kg), followed by 
the next 4  months of INH and RIF [17]. 
Nevertheless, a long treatment of 9 months is used 
if the clinical, laboratory and imaging findings 
show the presence of persistent inflammation [32]. 
At present, treatment of cases with Pott’s disease 
consists of anti-TB chemotherapy and immobili-
zation with bracing, when observed early before 
collapse of more than one vertebral body and mild 
kyphosis without any neurologic deficit. With the 
use of adequate anti-TB chemotherapy under the 
control of dispensaries for fighting TB infection 
and/or internal medicine clinics in hospitals, a 
regression of neurologic symptoms and angle of 

Fig. 15.4  Axial spinal lumbar CT scan when performing CT-guided needle biopsies in the same patient as in Fig. 15.2
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kyphosis, especially in the presence of involve-
ment of one or two vertebrae, is anticipated. It has 
been suggested that the success of anti-TB chemo-
therapy – PZA, INH, EMB and RIF – reduced the 
role of surgical intervention [2, 33]. Interestingly, 
however, some authors have reported a paradoxi-
cal worsening of present symptoms or the devel-
opment of new lesions in patients who responded 
well to anti-TB chemotherapy at first [28]. In such 
cases, a close monitorization of the patients is very 
important to prevent the emergence of multiresis-
tant strains [17].

15.9	 �Modified GATA Classification 
System

There is no doubt that some guidelines are useful 
for correct diagnosis and appropriate treatment. To 
date, there were multiple guidelines for patients 
with Pott’s disease. In 1985, Kumar [34] intro-
duced a new four-point classification system based 
on the site of the lesion, the stage of the lesion, 
associated lesions and neurological deficit.

In 2001, Mehta and Bhojraj [35] proposed a 
new classification system, using information 

a

b

c

Fig. 15.5  Axial CT views (a–c) demonstrating huge paravertebral abscesses without neurological deficit in a 21-year-
old patient with L3–L4 spinal TB (Courtesy of P. Fernandes, M.D.)
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based on MRI findings, to plan the appropriate 
surgical treatment for patients with thoracic spi-
nal TB, and they classified in four groups: Group 
A with involvement of only the anterior column 
is treated surgically when there is an evidence of 
spinal cord compression with anterior decom-
pression procedure; Group B with involvement 
of the anterior and posterior columns was treated 
with the anterior procedure and then the posterior 
procedure; Group C with either anterior or global 
lesions who were at risk if transthoracic surgery 
was done through the posterior approach; Group 
D with disease of the posterior column was 
treated with decompression procedure. In 2008, 
Oguz et  al. [18] suggested a new classification 
system (Gulhane Askeri Tıp Akademisi [GATA]) 
for Pott’s disease based on some clinical and 
radiological parameters. They divided Pott’s dis-

ease in three types (IA/B, II, and III), and they 
suggested that surgical intervention is indicated 
for patients of Type IB with no neurological defi-
cit, those of Type II and Type III with or without 
neurological deficit.

Now, we present a new simple modified clas-
sification system from GATA system, as a simple 
guide for treatment planning in patients with 
Pott’s disease for young spinal surgeons, accord-
ing to radiological and neurological criteria 
(Table 15.1) (Fig. 15.14).

15.10	 �Surgical Techniques

Surgery is necessary to prevent neurological 
deterioration, to maintain stability and early 
recovery [3, 4, 18, 31, 34, 35]. And patients 

a b

Fig. 15.6  Lumbar spinal CT scan in sagittal (a) and coronal (b) views showing a L2–L3 Pott’s disease associated with 
bilateral asymmetrical psoas abscess (Courtesy of M. Benzagmout, M.D.)
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with Pott’s disease are treated by neurosur-
geons and orthopaedic surgeons specialized in 
spine surgery in the world. In cases of Pott’s 
disease without evidence of neurological 
compromise, an attempt to give conservative 
treatment consisting of anti-TB chemotherapy 
and bracing for 2–3  months before surgery 
may be used. In such cases, radiological stud-
ies should be obtained during the conservative 
treatment to exclude any worsening of the 
kyphosis.

Surgically, an important puzzle in even today’s 
world is the query of which type of surgical inter-
vention is necessary in Pott’s paraplegia. In such 
cases, surgery provides early decompression of 
the neural structures, correct diagnosis with his-
tological verification and prompt relief of neuro-
logical symptoms. But even today, however, there 
is also still debate on the best surgical approach 
in patients with Pott’s disease. Based on their 
experience from the surgical treatment of cervi-
cal, thoracic and lumbar Pott’s disease in 412 

a b

c d

Fig. 15.7  Craniocervical dysjunction, retropharyngeal 
abscess (star) and spinal cord compression (arrows) due 
to suboccipital TB.  Axial MRI on T1-weighted image 

after gadolinium administration (a), sagittal view on 
T2-weighted image (b) and axial CT scan on bony win-
dows (c, d)
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patients in 1960, Hodgson et  al. [36] described 
the routine use of debridement consisting of 
removing purulent necrotic tissues from normal 
tissue via the anterior approach. In the current lit-
erature, most authors suggest surgical decom-
pression combined with medical treatment in 
patients with Pott’s disease having evidence of 

spinal cord or nerve root compression, extensive 
abscess formation involving the spinal canal and 
paraspinal tissues and spinal instability with loss 
of sagittal alignment of the spine due to extensive 
osteolysis [3, 4, 17]. Furthermore, debridement 
of the pre- and intraspinal focus of infection via 
anterior approach is advised for patients with 

a b

Fig. 15.8  T1-weighted (a) and T2-weighted (b) sagittal MRIs showing an abscess within the spinal canal in the same 
patient as in Fig. 15.5 (Courtesy of P. Fernandes, M.D.)

Fig. 15.9  Spinal paraspinal TB abscess (star) with superficial cutaneous fistula (arrows). Spinal axial MRI on 
T2-weighted images
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extensive abscess formation but no neurological 
deficit [37]. Moreover, percutaneous needle aspi-
ration of the caseous necrosis as an alternative 
has been suggested to ensure decompression in 
patients with spinal instability due to severe oste-
olysis requiring posterior fixation [38].

At present, indications of surgical interven-
tion include the existence of cold abscesses, 
spinal cord compression with neurological dete-
rioration in spite of anti-TB chemotherapy and 
immobilization and progressive kyphotic defor-
mity [3, 4, 18]. Surgical point of view, technical 
options include debridement or anterior abscess 
drainage alone (Fig. 15.15) and laminectomy fol-
lowed by internal fixation and posterior fusion in 

the prone position with adjuvant chemotherapy 
before surgical treatment. In particular, the use 
of anterior radical debridement and grafting, 
also called Hong Kong operation, is advised to 
ensure the stability of anterior column in cases 
of Pott’s disease by many authors [39], while 
others advocated using the posterior approach 
alone to perform spinal canal decompression 
and abscess drainage during the same stage as 
internal fixation and fusion [40]. Güven et  al. 
[41] described a single-stage instrumentation and 
fusion in patients with Pott’s disease to drain the 
cold abscess within anterior of the spinal canal 
with/without lateral extension for decompression 
of the spinal cord. Accordingly, we also believe 

a b

Fig. 15.10  Chronic extensive Pott’s disease from T6 to L1 spinal levels in the same patient as in Fig. 15.9. Spinal MRI 
on T2-weighted images, sagittal (a) and coronal (b) views
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a b c

d
e

Fig. 15.11  T9–T10 Pott’s disease. Spinal MRI on T1-weighted image after gadolinium administration, sagittal (a), 
coronal (b) and axial views (c–e)

a b

Fig. 15.12  Pott’s disease on L4 level with mild intracanalar extension in the same patient as in Fig. 15.2. Axial spinal 
MRI on T1-weighted image after gadolinium injection (a) and on T2-weighted image (b)
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a b

c

Fig. 15.13  Spinal MRI in T1- (a) and T2-weighted (b) sagittal and coronal (c) views showing a T2–T3 Pott’s disease 
associated with a huge prevertebral cold abscess mimicking goitre (Courtesy of M. Benzagmout, M.D.)
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that posterior decompressive laminectomy is 
the surgical approach of choice in patients with 
involvement of posterior elements. In cases with 
multisegmental involvement, large abscesses 
and severe neurological involvement, however, 
a combined anterior and posterior fusion proce-
dure will be necessary [3]. Based on the find-
ings of a meta-analysis of 694 cases with Pott’s 
disease from the Turkish literature, the senior 
author of this chapter reported the disease should 
be treated by anti-TB chemotherapy combined 
with surgery because of the advanced stage of 
the disease in most patients [4]. In recent years, 
the use of open or percutaneous internal fixation 
techniques and minimally invasive interventional 

radiology techniques combined with anti-TB 
chemotherapy have been introduced for high-risk 
patients with Pott’s disease [42]. Unfortunately, it 
still remains a source of socioeconomic problem 
in many developing countries, albeit the efforts 
of WHO [33].

�Conclusion

Even today, it is a reality that TB still remains 
a paramount importance in many developed 
countries, despite the presence of effective 
anti-TB drugs. The BCG vaccine should be 
considered in selected persons who meet 
specific criteria to help prevent TB infection. 
Clinical course of Pott’s disease is slow; early 
diagnosis is crucial for proper treatment with 
anti-TB chemotherapy with/without surgery 
to avoid its unwanted complications. It should 
be suspected if the patients present with neu

Type I Type II

Type IVType III

Modified GATA classification system for Pott’s disease

Fig. 15.14  A drawing illustrating modified GATA clas-
sification system for Pott’s disease

Table 15.1  Modified GATA classification system for Pott’s disease

Type of 
lesion Degree of vertebral involvement, neurological deficit and abscess formation

Type I The lesion is limited to the vertebrae with/without abscess formation
Type II Mild or moderate collapse of vertebrae, stable kyphotic deformity, with/without abscess formation and/

or neurologic deficit
Type III Severe collapse of vertebrae, unstable kyphotic deformity, with/without abscess formation and/or 

neurologic deficit
Type IV Severe collapse of vertebrae and paravertebral abscess formation with/without kyphotic deformity and/

or neurologic deficit

This classification system is a modification of GATA system described by Oguz et al. [18] in 2008 based on clinical and 
radiological criteria including abscess formation, vertebral collapse, kyphotic deformity and neurological deficit

Fig. 15.15  Intraoperative view demonstrating discharge 
of caseous material following incision of the prevertebral 
abscess in a case with Pott’s disease (Courtesy of 
M. Benzagmout, M.D.)
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rological manifestations of spinal cord and/
or nerve root compression or back pain alone. 
Anatomically, it predominantly affects the 
thoracic spine, and radiological modalities 
such as CT and MRI provide a detailed infor-
mation in the diagnosis of Pott’s disease. In 
patients with Pott’s disease, treatment modali-
ties, medical and surgical, with anterior and/or 
posterior approaches, are necessary to relieve 
the spinal cord compression due to exten-
sive abscess formation and/or sagittal spinal 
instability. Surgical management of Pott’s 
disease consists of debridement with spinal 
cord decompression and stabilization of the 
spine. Nonetheless, prognosis of patients with 
Pott’s disease is relatively benign when sur-
gical intervention is performed at the onset 
of the disease. Currently, management in 
patients with progressive paraplegia requires 
a multidisciplinary approach including neuro-
surgeons, orthopaedic spine surgeons, neuro-
radiologists, infectious disease specialists and 
rehabilitation specialists.
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Abbreviations

CNS	 Central nervous system
CSF	 Cerebrospinal fluid
CT	 Computed tomography
EMB	 Ethambutol
ESR	 Estimated sedimentation rate
INH	 Isoniazid
MRI	 Magnetic resonance imaging
PZA	 Pyrazinamide
RIF	 Rifampicin
STR	 Streptomycin
TB	 Tuberculosis
TBM	 Tuberculous meningitis
TBRM	 Tuberculous radiculomyelitis
WBC	 White blood cell

16.1	 �Introduction

Infections of the spine have a large spectrum of 
clinical manifestations; they can affect the verte-
brae, the intervertebral disks, the spinal canal, and 
the paravertebral soft tissues and structures. Spinal 
canal infections may include the epidural space 
(epidural abscesses), the meninges (meningitis), 
the subdural space (subdural abscesses), and the 
spinal cord (intramedullary abscesses) [1, 2].

Spinal tuberculosis (TB) in human skeletons 
dates back to the Iron Age [3]. The first spinal 
fusion was performed in 1911 by Dr. R. Hibbs in a 
patient with spinal TB to prevent further progression 
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of the spinal curvature [4]; since then, it is an inter-
esting fact that spine surgery was developed as an 
effort to treat vertebral TB. TB of the central ner-
vous system (CNS) affects about 10% of patients. 
Non-osseous tuberculomas (extradural, intradural 
extramedullary, and intramedullary) are rare mani-
festations of spinal TB; approximately two thirds 
of them are extradural [5–8].

16.2	 �Pathophysiology

Spinal TB is classified into four types: Pott’s 
spine (vertebral TB), non-osseous spinal tuber-
culomas, TB arachnoiditis, and tuberculous men-
ingitis (TBM). Pott’s disease is the commonest 
type accounting for 64% of all cases [9], while 
TBM is the most common TB manifestation of 
the CNS. CNS TB is developed in two steps [10]: 
First, the Mycobacterium tuberculosis bacilli 
infect the host by droplet inhalation, and a local-
ized pulmonary infection is developed within the 
lungs. When infection is spread to the regional 
lymph nodes, the primary complex is formed. 
During this stage, a short but significant bacte-
remia is present that can seed TB bacilli to other 
organs. During bacteremia or shortly afterward, 
lesser TB lesions (“Rich’s foci”) are developed in 
the CNS. “Rich’s foci” may develop in the menin-
ges, the subpial or subependymal surface of the 
brain or the spinal cord, and may remain inac-
tive for years. Second, a Rich’s focus increases 
in size until it ruptures into the subarachnoid 
space causing meningitis; those Rich’s foci that 
have developed and rupture deeper in the brain 
or spinal cord parenchyma cause tuberculomas or 
abscesses. Spinal TBM may result from the rup-
ture of Rich’s foci into the arachnoid space [11].

TB arachnoiditis accounts for approximately 
20% of spinal TB cases [8, 12]. It was previously 
termed adhesive spinal arachnoiditis or chronic 
adhesive arachnoiditis and involves the arachnoid 
lining alongside the spinal cord [8, 12]. Three 
pathophysiological mechanisms have been sug-
gested: (1) downward extension of intracranial 
TBM (the most common), (2) a TB lesion pri-
marily arising in the spinal meninges, and (3) 
transdural extension of TB spondylitis [13]. The 

thoracic spine and the lumbar and the cervical 
spines are the most frequently affected spinal 
sections. Macroscopically, gross granulomatous 
exudate extends over several segments surround-
ing without infiltrating the spinal cord and nerve 
roots. Microscopically, areas of granulomatous 
inflammation, caseation, tubercles, and fibrous 
tissue formation are noted. The subdural exudate 
is accompanied by arterial and venous inflamma-
tion (vasculitis) that may result in spinal cord 
infarction and subsequently damage the neuronal 
structures [11, 13].

Spinal cord TB may occur in the form of tuber-
culomas. Dastur et al. [5] studied 74 cases of TB 
paraplegic patients without evidence of Pott’s 
disease; they reported extradural tuberculomas 
in 64% of the patients, intradural extramedullary 
and intramedullary lesions in 8% of the patients, 
each, and arachnoid lesions with dural involve-
ment in the remaining patients. Most lesions were 
intracranial, with a cranial to spinal lesions ratio 
equal to an average of 30:1 [14]. Interestingly, 
spinal cord tuberculomas may increase in size 
during anti-TB chemotherapy [11].

Extradural tuberculomas are the most com-
mon spinal tuberculomas (approximately 65%), 
although their pathogenesis is unclear [5]. They 
are more common in young adults of both sexes, 
mainly in developing countries [15]. Most 
patients with extradural tuberculomas do not 
have evidence of TB infection elsewhere in the 
body; therefore, it has been suggested that these 
tuberculomas may represent hematogenous dis-
semination during primary infection with local-
ization at the epidural space, probably after mild 
trauma as a predisposing factor [15].

Intramedullary tuberculomas are very rare 
[16]. They have been more commonly reported 
at the cervical and thoracic spine, probably due 
to proximity to the cerebellum. They occur more 
often in young adults, but there have been also 
a few cases of children [9, 17, 18]. Multiple 
sites in the spinal cord may be affected. A ratio 
of intramedullary to intracerebral tuberculomas 
of approximately 1:42 has been reported [16]. 
Intramedullary tuberculomas develop more com-
monly by hematogenous dissemination or cere-
brospinal fluid (CSF) infection, and rarely by the 
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local spread of spinal TB [16]. Exceptionally, 
paradoxical development or enlargement of 
intramedullary tuberculomas during anti-TB 
chemotherapy may occur [19, 20]. Spinal cord 
compression from intramedullary tuberculomas 
should also be considered in patients with a his-
tory of TB, human immunodeficiency virus infec-
tions, and poor socioeconomic status [21, 22].

Intradural extramedullary tuberculomas are 
usually developed in patients with TBM [23, 24], 
in contrast to intramedullary tuberculomas that 
are associated with pulmonary TB [6, 25]. They 
occur more common in the thoracic spine, in 
young patients of both genders, and rarely in 
children [13, 26–28]. An ongoing inflammation 
in the arachnoid membrane resulting in the devel-
opment of tuberculomas within 3 weeks to 1 year 
after initiation of chemotherapy has been reported 
[6, 29]; probably, this response is due to an inter-
action between the host immune reaction and 
mycobacterial products [29]. Intradural extra-
medullary tuberculomas, probably resulting by a 
similar inflammatory immunosuppression pro-
cess, have been reported in approximately 36% 
of patients with TB and acquired immunodefi-
ciency syndrome (AIDS) during antiretroviral 
therapy [30]. There have been sparse references 
of intradural extramedullary tuberculoma cases 
with concurrent syringomyelia [6, 24, 31]. Some 
cases of en plaque intradural extramedullary 
tuberculomas mimicking en plaque meningiomas 
have also been reported [32–35].

16.3	 �Presentation

In patients with Pott’s disease, neurological defects 
occur from medullary and radicular inflammation 
and rarely by compression from an abscess or a 
tuberculoma [36]. The patients with acute spinal 
meningitis present with fever, headache, and 
radicular pain which are signs and symptoms of 
myelopathy. The patients with chronic localized 
disease present with progressive spinal cord com-
pression mimicking a spinal cord tumor [11].

TB arachnoiditis commonly presents with 
thoracic, followed by lumbar and cervical myelo-
radiculopathy [13]. Often, there is vasculitis, 

with periarteritis and occlusion of small vessels, 
and neuronal damage by direct compression or 
by ischemia. TB arachnoiditis lesions may be 
focal, multifocal, or diffuse. CSF changes are 
similar to chronic meningitis; glucose values 
may be normal and lumbar tap may be dry [11].

The clinical features of spinal tuberculomas 
are similar to those of extramedullary or intra-
medullary tumors, although acute deterioration 
may occur [7, 8, 26, 36–38]. A spinal cord tuber-
culoma may involve solely to the nervous sys-
tem; therefore, patients may not report a history 
of TBM. In the sequel, a minor trauma can pro-
duce the symptoms, due to initiation of the 
inflammation and immune response [26, 36, 37]. 
The most commonly reported presenting symp-
toms for extradural tuberculomas are radicular 
leg pain, numbness, and weakness. Intramedullary 
and intradural extramedullary tuberculomas may 
also present with subacute spinal cord compres-
sion with motor and sensory deficits related to the 
level of the lesion, such as back pain, progressive 
muscle weakness, paresthesia, bladder and bowel 
dysfunction, and spastic or flaccid paraplegia [7, 
8, 38]. Nevertheless, the symptoms of spinal cord 
compression are mainly attributed to ischemia 
and edema rather than direct pressure of the gran-
ulomas. Due to the relevance of intramedullary 
tuberculomas and pulmonary TB, these patients 
should be examined for pulmonary or extrapul-
monary TB and TBM in patients with intradural 
extramedullary tuberculomas.

Wadia and Dastur [39] and others [40, 41] 
suggested that the term TB radiculomyelitis 
(TBRM) for cases previously classified as arach-
noiditis, intradural spinal tuberculoma or granu-
loma, and spinal cord complications of TBM. The 
clinical features are not pathognomonic and 
include radicular pain, paresthesias, bladder dis-
turbance, muscle wasting, and subacute parapa-
resis progressing over a time period of 
1–2 months. Subsequently, usually within a few 
days from disease onset, paralysis may occur. In 
these cases, absent deep tendon reflexes with 
flaccidity in the lower limbs and extensor plantar 
response may be observed. Secondary TBRM 
may occur at the acute stage or in any time period 
after the initial TBM infection [40, 41].
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16.4	 �Laboratory

Helpful but nondiagnostic laboratory studies 
include an elevated WBC count and ESR. In most 
patients, CSF analysis shows an active inflamma-
tory response with pleocytosis (lymphocytosis), 
hypoglycorrhachia, and increased protein values 
probably because of CSF flow blockade. These 
alterations could persist despite CSF sterilization. 
The diagnosis of dura mater tuberculoma should 
be documented with imaging studies, CSF protein 
analysis from purified derivative reactivity, and 
histopathologic examination.

16.5	 �Imaging

CT and MRI are critical for the diagnosis of spi-
nal cord TB; MRI is the imaging modality of 
choice that has replaced myelography in mod-
ern era [11, 40, 42]. MRI with pre- and post-
gadolinium T1-weighted sagittal and axial views 
is the most sensitive method for imaging evalu-
ation of patients with an assumptive diagnosis 
of intraspinal TB, regardless of the stage of the 
disease [40, 42].

Typical MRI findings of spinal TBM include 
loculation and obliteration of the subarachnoid 
space, loss of spinal cord outline in the cervico-
thoracic region, matting of lumbar nerve roots, 
and possible syrinx formation [11]. MRI findings 
of TBRM are similar. Even if enhanced MRI 
images appear normal, gadolinium contrast 
administration usually shows nodular, thick, lin-
ear intradural enhancement, often completely 
filling the subarachnoid space. In the chronic dis-
ease, gadolinium contrast MRI may not show 
enhancement, even if images without contrast 
medium show signs of arachnoiditis. Syrinx for-
mation may be evident in late cases due to chronic 
arachnoiditis and spinal cord infarction. 
Tuberculomas are shown as defined lesions with 
varying degrees of peripheral gadolinium 
enhancement, with or without compression of the 
spinal cord. MRI findings of multiple peripher-
ally enhancing lesions after contrast administra-

tion should be aware toward the diagnosis of 
spinal TB lesions [40–42].

Based on the stage and imaging features, 
three types of tuberculomas have been reported 
including non-caseating granuloma, caseat-
ing granuloma with a solid center, and caseat-
ing granuloma with liquid center [7, 16]. In 
early stages, tuberculomas are characterized by 
severe inflammation, poor formation of the gel 
capsule, and severe perilesional edema. During 
this stage, tuberculomas appear isointense in 
T1- and T2-weighted MRI images with gado-
linium contrast enhancement. As the gel content 
of the tuberculomas increases, the perilesional 
edema decreases or may disappear. In this set-
ting, T1-weighted MRI images show isointense 
signal intensity, and T2-weighted MRI images 
show low signal intensity or appear isointense. 
At caseation, T2-weighted MRI images show 
a typical “target sign” that ranges from the low 
signal target to the high signal rim. The caseous 
substance forms the target center, whereas the 
peripheral infective granulation tissues form the 
high signal rim (Fig. 16.1) [7, 16].

Fig. 16.1  Axial spinal T1-weighted MRI following gad-
olinium administration shows ring enhancement of an 
anterior epidural TB abscess at L3-vertebral level (arrow) 
without adjacent bony lesions. This 52-year-old male 
patient presented with paraparesis and a3-month history 
of progressive low-back pain radiating to the left leg
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The differential diagnosis based on imaging 
should include tumors, inflammatory or demy-
elinating diseases, and vascular and granulo-
matous lesions. If MRI findings are typical for 
tuberculomas and the patients have systemic TB, 
spinal tuberculomas are the most probable diag-
nosis. However, if MRI findings are not typical 
for tuberculomas and the patients do not have 
systemic TB, the diagnosis may be extremely 
difficult to establish, and a high suspicion index 
is required [8].

According to the World Health Organization 
[43], “extrapulmonary TB refers to a case of TB 
involving organs other than the lungs, e.g. pleura, 
lymph nodes, abdomen, genitourinary tract, skin, 
joints and bones, meninges. The diagnosis should 
be based on at least one specimen with confirmed 
M. tuberculosis or histological or strong clinical 
evidence consistent with active extrapulmonary 
TB, followed by a decision by a clinician to treat 
with a full course of TB chemotherapy.”

16.6	 �Treatment

Pulmonary and extrapulmonary TB disease should 
be treated with the same antibiotic schemes. 
Because of a high risk of disability and mortality, 
some infectious disease specialists recommend 
9–12  months of anti-TB treatment for TBM; in 
these cases, unless drug resistance is suspected, 
adjuvant corticosteroid treatment is recommended, 
and ethambutol (EMB) should be replaced by 
streptomycin (STR) [43–46]. The standard 
6-month treatment regimens for new patients are 
2 months of INH, RIF, PZA, and EMB, followed 
by 4 months of INH and RIF that can be extended 
to 7–10 months of treatment for TB of CNS [43].

For patients with spinal arachnoiditis, sur-
gical decompression has been recommended 
[36]; however, other studies reported that, since 
arachnoiditis is diffuse, surgery may not be use-
ful [13, 47, 48]. Anti-TB combination therapy 
should be initiated as soon as the diagnosis is 
established. Adjuvant medical treatments may 
also be administered; intrathecal hyaluronidase, 

an enzyme that hydrolyses the glucosaminidic 
bonds of hyaluronic acid and other mucopoly-
saccharides of the ground substance has been 
reported for the adjuvant treatment of patients 
who develop spinal arachnoiditis during therapy 
with systemic steroids and anti-TB drugs [13, 47, 
48]. Adjuvant administration of high-dose cor-
ticosteroids orally or, rarely, via the intrathecal 
route for 3–6 weeks has also been reported ben-
eficial for the patients with spinal arachnoiditis 
[13, 36, 40, 48, 49]. Although the exact mecha-
nism is unclear, steroids most likely suppress 
the progressive inflammatory process often seen 
in patients with TBM despite adequate anti-TB 
therapy [36]. The reduction of CSF protein and 
globulin levels after the first month of treatment 
and increase of CSF glucose values in patients 
treated with steroids compared to the respective 
of the patients not treated has also been reported 
[50]. Decompressive laminectomy should be 
considered in cases where histological diagnosis 
is necessary, or there is evidence of spinal cord 
compression with neurological deficit or spinal 
instability [13, 36, 40, 48–50].

Because of their rare incidence, there are no 
specific guidelines for the treatment of patients 
with epidural tuberculomas. Mantzoros et al. [15] 
reviewed 23 patients who underwent decompres-
sive laminectomy, with ten patients receiving 
additional anti-TB chemotherapy; the majority of 
their patients experienced complete recovery 
[15]. In patients with epidural tuberculomas, sur-
gical resection is indicated when myelopathic 
symptoms occur, or a histological diagnosis is 
necessary. Epidural abscesses are mainly of pyo-
genic origin and associated to spondylitis. They 
are considered as an indication for urgent surgi-
cal treatment, while TB abscesses are nonurgent 
surgical indication [2].

In patients with intradural extramedullary 
tuberculomas, medical therapy alone is probably 
not successful; surgical resection of the 
tuberculomas followed by anti-TB chemothe
rapy  should be considered for optimal outcome 
with an improvement of the neurological symp-
toms and deficits of the patients [6, 25, 36]. 
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Controversy also exists for the treatment of 
patients with intramedullary spinal tuberculo-
mas; some authors recommended anti-TB therapy 
alone as appropriate management [51], while 
others recommended neurosurgical treatment for 
all symptomatic patients and for those who expe-
rience acute or progressive neurological deficits 
and/or poor response to anti-TB agents [7, 
52–54].

Surgical excision of the lesion, combined with 
anti-TB chemotherapy, has been proved an effi-
cient method of treatment, when properly applied 
[17, 21, 55–57]. In general, surgical treatment is 
indicated in patients with (1) uncertain diagnosis, 
(2) poor response to medical management, (3) 
neurological deterioration during medical treat-
ment, and (4) progressive enlargement of the 
lesions on follow-up MRI [7, 54].

In patients with localized arachnoiditis and 
spinal cord compression, surgical decompres-
sion can effectively excise the lesion and pro-
vide tissue for histological examination [41]; 
however, a more extensive adhesive disease 
usually progresses despite surgical treatment 
[40]. Surgical excision of a spinal cord tubercu-
loma has been associated with a higher possi-

bility for a successful outcome if myelopathic 
symptoms occur [38]. The prognosis for neuro-
logical improvement is good with a prompt sur-
gical excision and appropriate anti-TB 
medication, including EMB, INH, RIF, STR, 
and/or PZA [35]. Additionally, neurological 
improvement is more likely to occur if surgical 
treatment is performed before irreversible spi-
nal cord damage occurs [7].

In the presence of spinal cord TB compression, 
corticosteroids may arrest the progression of neu-
rological deficits. Most investigators consider that 
steroids should be administered for cerebral edema, 
spinal block [36, 40], and enlargement of intramed-
ullary and intradural extramedullary tuberculomas 
during anti-TB chemotherapy [36]. A possible 
explanation for this paradoxical enlargement of 
tuberculomas during chemotherapy is the recovery 
of patients’ delayed hypersensitivity response and 
increase of response to mycobacterial antigens 
released after anti-TB treatment initiation [40]. It 
has also been observed that there is a reduction of 
patients’ mortality in the acute stage of TBM, and 
a more rapid normalization of WBC counts in CSF 
and protein content and ESR decreases with the 
administration of steroids [40].

Table 16.1  Summary of most recent reported cases of intradural extramedullary tuberculomas from the literature

Authors
Age 
(years) Gender Site TBM

Time from anti-TB 
medication to surgery Outcome

Mirzai [32] 40 M C6-T1 No NS Improvement
Luo and Pino [23] 51 M T3 No 4 months Improvement
Muthukumar and 
Sureshkumar [24]

27 F T11 Yes 8 months Poor (paraparesis)

Muthukumar et al. [33] 21 M T6–12 Yes 3 months Improvement
Kumar et al. [28] 11 F T11–12 Yes 18 months Poor (paraparesis)
Takahashi et al. [29] 46 F T2–3 Yes 2 months Improvement
Ozek et al. [34] 18 F T1–9 Yes 6 months Improvement
Shim et al. [35] 24 M T2–6 Yes 5 weeks Improvement
Duan and Mao [27] 14 F T1–3 Yes 2 months Improvement
Gul et al. [31] 21 M T11–12, L1 Yes 3 months Improvement
Sohn et al. [38] 45 M T3–7 No NS Improvement
Jeong and Kwon [6] 31 F T1–12 Yes 7 months Improvement

Abbreviations: F female, M male, NS not stated, TB tuberculosis, TBM tuberculous meningitis
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�Conclusion

Extradural and intradural extramedullary and 
intramedullary tuberculomas are rare manifes-
tations of spinal TB.  MRI is the imaging 
modality of choice for the diagnosis. Because 
of the rarity of the disease, there are no spe-
cific guidelines for the treatment of patients. 
Surgical treatment may be indicated and long-
term anti-TB chemotherapy is recommended 
(Tables 16.1 and 16.2).
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AIDS	 Acquired immuno deficiency syndrome
CNS	 Central nervous system
CRP	 C-reactive protein
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ESR	 Erythrocyte sedimentation rate
MRI	 Magnetic resonance imaging
TB	 Tuberculosis
WBC	 White blood cell count

17.1	 �Introduction

Approximately 2% of all tuberculosis (TB) 
cases are spine TB. Anatomically, the sites of 
involvement are vertebral body, intervertebral 
disk space, paravertebral soft tissue, and epi-
dural and subdural space. Multiple skip lesions 
may occur infrequently [1–3]. There are three 
routes for the development of spinal 
TB.  Hematogenous route, referring to the 
spread from an origin outside the central ner-
vous system (CNS) via blood stream, is the 
most common route of infection resulting in 
radiculo-myelopathy. The second route 
involves secondary extension caudally from 
TB meningoencephalitis of the brain. The 
last  route is associated with secondary 
intraspinal extension from osteoarticular or 
discal TB [4].
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17.2	 �Etiology

The involvement of subdural space by spinal TB 
is extremely rare. This involvement may present 
as spinal subdural abscess, spinal subdural empy-
ema, intramedullary and extramedullary tubercu-
loma, infected spinal subdural cyst, infectious 
spinal subdural cyst, or arachnoiditis. Sometimes, 
proper diagnosis with imaging methods may be 
difficult, and the aforementioned atypical forms 
of involvement can lead to misdiagnosis and neu-
rological problems, and paraplegia may be seen 
[5–16]. Anatomically, the subdural space is 
described as a potential cavity between the dura 
and arachnoid mater. Radiologically it can been 
visualized by contrast injection, and epidural 
catheters have been introduced using radiological 
techniques [17].

Spinal subdural abscess, which is quite rare, 
corresponds to a loculated infection between the 
outermost layer of the meninges, namely, the 
dura and the arachnoid. Historically, the first case 
of an adult with a spinal subdural abscess has 
been reported by Otto Sittig in 1927 [18–20]. 
There are a few predisposing conditions for the 
development of spinal subdural infection such as 
an underlying diseases and impaired immune 
system. Among the examples of predisposing 
entities are diabetes mellitus, alcoholism, tumors, 
chronic renal failure, hemodialysis, infection 
with human immunodeficiency virus, anatomical 
abnormalities related to the spinal cord or verte-
bral column, degenerative joint disease, trauma, 
surgery, drug injection, and catheters [18–21].

The development of spinal subdural abscess is 
associated with some possible routes. In this 
regard, direct seeding of the infection into the 
subdural space may occur in association with 
laminectomy, dermal sinus tracts, and decubitus 
ulcers. Anatomically, the close proximity of 
ulcers to the sacral dural sac and filum terminale 
can cause a direct connection to the subdural 
space. Another route is direct extension from the 
epidural space where dura perforation during epi-
dural catheter insertion, discography, and lumbar 

puncture may cause subdural empyema. Also, the 
contiguous spread of the infection from the 
epidural space to the subdural region can cause 
subdural empyema associated with cranial epi-
dural abscess. The other mechanism for the 
spread of microorganisms involves hematoge-
nous route. Importantly, subdural empyema has 
been reported after acupuncture and meningitis 
[22–30].

17.3	 �Pathogenesis, Clinical, 
and Radiologic Features

The low incidence of spinal subdural abscesses 
within the spinal dural layers is due to the absence 
of dural sinuses, large size of epidural space, and 
centripetal direction of blood flow in the spinal 
vasculature. Dural anatomy and perfusion of spi-
nal cord are different from contents of the brain 
[31]. The most common spinal subdural abscess 
agents reported in the literature are Staphylococcus 
aureus and anaerobic/microaerophilic strepto-
cocci. On the other hand, the involvement of spi-
nal subdural space by TB is extremely rare. It has 
been pointed out by Velissaris et al. that a total of 
65 cases of spinal subdural abscesses has been 
reported in the literature [12]. S. aureus, being 
detected in 35 patients, has been noted to be the 
most common bacterial agent for the disease, 
whereas Mycobacterium tuberculosis was 
reported to be the causative agent in only two 
cases [12].

Apparently, the diagnosis of abscess should 
be supported by clinical, laboratory, and imaging 
findings. However, it is quite difficult to make a 
distinction between epidural and intradural 
abscesses both clinically and radiologically. The 
most common site of spinal involvement is the 
thoracolumbar region, though the whole spine 
can be affected. Clinically, back or neck pain, 
fever, and neurologic manifestations such as 
para/tetra paresis, bladder dysfunction, impaired 
rectal tone, and disturbances of consciousness 
may be presumptive for the diagnosis. 
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Additionally, radicular chest or abdominal pain 
and constant pain that worsen at night may be 
detected. Fever can be detected in 17% of 
patients with spinal TB, whereas it occurs in 
48% of patients with pyogenic spondylodiscitis. 
On the other hand, dysphagia and torticollis may 
develop in the patients with cervical involvement 
of TB [32–35].

The most commonly used laboratory param-
eters for the assessment of spinal infection are 
erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP), white blood cells (WBC). 
Increased ESR and CRP values are sensitive 
markers of infection, though they have low 
specificity. In addition, they are used in the 
monitorization of the therapeutic response. In 
this regard, the return of CRP to normal values 
after adequate treatment is faster than that of 
ESR. Of all inflammatory markers, WBC count 
is the least useful due to its low sensitivity. 
Furthermore, blood and urine cultures should be 
obtained prior to antibiotic treatment if there is 
suspicion for spinal infection. Typically, the 
microbiologic analysis should include aerobic, 
anaerobic, fungal, and mycobacterial tests and 
cultures [36–39].

As a diagnostic interventional tool, percuta-
neous computed tomography (CT)-guided nee-
dle biopsy can be used for revealing the etiology 
of spinal infection. The specimens should be 
evaluated with microbiological analysis, such 
as gram smear, aerobic and anaerobic cultures, 
and fungal culture particularly for TB infec-
tions, acid-fast bacilli smear, polymerase chain 
reaction, and TB culture [40]. M. tuberculosis 
grows slowly (6–8 weeks), and the use of inter-
feron-gamma release assays measured from 
whole blood plasma provides faster diagnosis 
in less than 24 h [41, 42]. Histopathologic anal-
ysis is required for distinguishing pyogenic dis-
eases from granulomatous entities, particularly 
in cases with suspicion of malignancy [43–46].

Cross-sectional imaging such as CT, mag-
netic resonance imaging (MRI), and myelo-CT 
can be used for the assessment of the spinal 

subdural abscess. In this regard, contrast-
enhanced MRI is superior to CT in detecting 
the exact location and extension of the abscess 
and in diagnosing spinal cord compression [12, 
27, 31, 47]. Radiologically, MRI findings of an 
intradural spinal abscess are usually isointense 
with the spinal cord in T1-weighted images 
and hyperintense on T2-weighted images, and 
it is well demarcated from the other intradural 
contents. On contrast-enhanced images, ring-
enhancing lesion may be detected (Fig. 17.1). 
However, some of these characteristic features 
can also be detected in patients with epidural 
abscess, implying that the diagnosis based 
solely on imaging findings can be misleading 
[48, 49].

Tuberculoma is a firm, avascular, granuloma-
tous mass that occurs in the brain, spinal cord, 
subarachnoid, subdural, or epidural space. Its 
size ranges from few millimeters to 4 cm. The 
ratio of the involvement of the spinal cord to that 
of the brain is 1:42. The incidence for the rare 
entity of intramedullary tuberculoma is two in 
100,000 cases of all TB and constitutes only 
0.2–5% of all CNS tuberculomas [50]. On CT, 
tuberculomas are rounded lesions with an irregu-
lar wall of varying thickness and appear 
hypodense or hyperdense. On contrast-enhanced 
CT, they have an intense homogenous or ring-
enhancement pattern [51]. Sometimes, tubercu-
lomas may be calcified [52].

The MRI findings of spinal tuberculoma are 
variable depending on different phases of tuber-
culoma. In early phase, the tuberculoma has equal 
signal intensity on T1- and T2-weighted images 
and is enhanced after the administration of gado-
linium. This signal is associated with severe infec-
tive reactions, poor formation of the gel capsule, 
and severe edema. In time, the gel content of 
tuberculoma increases, whereas the peripheral 
edema is decreased; this results in equal signal 
intensity on T1-weighted images and isointense 
or hypointense appearance on T2-weighted 
images. Also, the rim enhancement and hypoin-
tense signal in the central region can be detected 
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a b

c d

Fig. 17.1  (a) Sagittal T2-weighted image shows spondylo-
discitis of T12–L1 level (arrow) and spinal subdural collec-
tion (arrow). (b) Axial T2-weighted image shows 
hyperintense subdural collection (arrow). (c) Sagittal 

fat-suppressed contrast-enhanced T1-weighted image shows 
ring-enhancing subdural abscesses at T12–L1 level (arrow). 
(d) Axial fat-suppressed contrast-enhanced T1-weighted 
image shows ring-enhancing subdural abscesses (arrow)
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after intravenous contrast material (gadolinium) 
administration (Figs. 17.2 and 17.3).

On the other hand, “target sign” associated 
with the development of caseation is a charac-
teristic finding on T2-weighted images. It 
involves a low-signal target in the central region 
due to the caseous material and high-signal rim 
due to the peripheral infective granulation tis-
sues. The external low-signal rim is composed 
of collagen fibers produced by fibroblasts. The 
“target sign” is crucial for the differentiation of 
spinal tuberculoma from other intramedullary 
lesions. Compared with tumors, spinal tubercu-
loma has a sharper margin and hypointense sig-
nal on T2-weighted images and rim 

enhancement. Among the entities which should 
be considered for differential diagnosis of tuber-
culomas are cysticercal granulomas, pyogenic 
bacterial abscess, toxoplasmosis, and neoplastic 
lesions such as astrocytoma, metastasis, or 
lymphoma.

The TB involvement of spinal cord is due to the 
inflammatory process and immune reaction, and 
strangulated spinal cord occurs with progressive 
constrictive pial fibrosis (so-called spinal arach-
noiditis). MRI findings are cerebrospinal fluid 
loculations, obliteration of the spinal subarachnoid 
space, and thickened, clumped nerve roots in the 
lumbar region. The enhancement of chronic 
fibrotic tissue is poor. Therefore, MRI with 

a b

Fig. 17.2  Axial (a) and sagittal (b) fat-suppressed contrast-enhanced T1-weighted images show a contrast-enhancement 
lesion (tuberculoma) and displacement of spinal cord at T1–T2 level (arrows)
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intravenous gadolinium is valuable in the diagno-
sis of active TB granulomatous disease and chronic 
fibrotic adhesion [53, 54] (Figs. 17.4 and 17.5).

17.4	 �Management

Anti-TB treatment is recommended for tuber-
culomas [55, 56]. Initially, in patients with 
spinal TB, anti-TB drugs should be the first 

choice of treatment. Accordingly, isoniazid 
and rifampin should be preferred, and addi-
tional drugs should be administered during the 
first 2 months of the treatment. The combina-
tion chemotherapy for 6–9  months has been 
recommended by British Medical Research 
Council for the treatment of TB of the thoraco-
lumbar spine, though many other experts still 
recommend chemotherapy for 9–12  months 
[11, 57–61].

Importantly, early decompression of the spi-
nal cord is important in patients with spinal 
TB. Therefore, the patients with the diagnosis 
of subdural TB abscess of the spine must be 
evaluated by the infectious disease specialist, 
neurosurgeon, and radiologists. Additionally, 
neurosurgical or orthopedic treatment is 
required in approximately 20% of all cases of 
TB. Clinically, neurological impairment can be 
extremely rapid, usually full paralysis occurs a 
few hours after the onset of neurologic deficit. 
Owing to the fact that the laminectomy with 
debridement of infected tissues should be per-
formed as soon as possible, it represents a truly 
neurosurgical emergency. Sometimes, multi-
level laminectomy may be necessary because 
of the extension of the abscess which could 
cause spinal instability and is associated with 
poor outcome. The application of surgical pro-
cedures may lead to rapid and complete recov-
ery of neurological deficit, though the treatment 
is performed with drugs in most patients with 
TB [59, 61–64].

�Conclusion

The involvement of subdural space with TB 
disease is extremely rare. The exact and early 
diagnosis and adequate treatment before the 
development of irreversible neurological defi-
cits and spinal deformity are crucial for a sat-
isfactory yield and good prognosis.

Fig. 17.3  Sagittal craniospinal T1-weighted MRI follow-
ing gadolinium administration revealing diffuse enhance-
ment of skull base and spinal meninges (arrowhead). 
Note the anterior intradural extramedullary enhancing 
exudate “tuberculoma” at T4–T5 level (arrow)
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c

Fig. 17.4  Sagittal spinal T2-weighted MRI (a), axial spi-
nal T1-weighted MRI after gadolinium injection (b), and 
operative view (posterior thoracic approach) (c). There is 

a wide posterior reconstructed arachnoid cyst (stars) with 
spinal cord compression. Note the limited intramedullary 
“syrinx” cavitation (arrow)
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Abbreviations

Anti-TB	Antitubercular therapy
CNS	 Central nervous system
CSF	 Cerebrospinal fluid
CT	 Computed tomography
CUSA	 Cavitron ultrasonic aspirator
ESR	 Erythrocyte sedimentation rate
ETB	 Ethambutol
HIV	 Human immunodeficiency virus
INH	 Isoniazid
MF	 Moxifloxacin
MRI	 Magnetic resonance imaging
RIF	 Rifampicin
SEPs	 Sensory evoked potentials
STR	 Streptomycin
TB	 Tuberculosis
TBM	 Tubercular meningitis

18.1	 �Introduction

Tuberculosis (TB) continues as a serious pub-
lic health problem in developing countries 
[1–11]. In human immunodeficiency virus 
(HIV)-infected individual, it is also a common 
opportunistic infection [12–21]. TB infection 
that involves the central nervous system (CNS) 
is rare in the industrialized world. TB involve-
ment of the spinal cord as compared to the brain 
occurs in the ratio of 1:42 [22–25]. Clinically 
it may present as compressive myelopathy, 
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radiculopathy or intramedullary mass depend-
ing on osseous or non-osseous involvement of 
the spinal cord [26–29]. Osseous involvement 
in the form of Pott’s spine has been described 
in detail in this book in Chap. 15. Here we 
have focussed on non-osseous involvement 
of the spinal cord which is much rare, and in 
some patients, diagnosis is almost under ques-
tion, or anti-TB chemotherapy is not effective, 
and in some patients, neurological deteriora-
tion requires surgical intervention. Clinical and 
radiological characteristics especially magnetic 
resonance imaging (MRI) findings of intradu-
ral extramedullary tubercular abscess, tuber-
cular arachnoiditis and spinal intramedullary 
tuberculoma, and post-TB syringomyelia are 
presented in this chapter. Decision to continue 
conservative management and surgical indica-
tions depending on various factors has been dis-
cussed in details to improve the final outcome 
of these rare entities.

18.2	 �Spectrum of Spinal Cord 
Tuberculosis

18.2.1	 �History

Era Serre (1830) described the tuberculoma of 
spinal cord for the first time, while first removal 
seems to have been performed by Krauss and 
McGuire (1909) [25]. Jennings found only 1 
spinal intramedullary tuberculoma among 5344 
pulmonary TB patients [30]. Jaff and Schultz 
disclosed 1 spinal intramedullary tuberculoma 
in 7000 post-mortems compared with 48 cere-
bral tuberculomas in the same group [31]. In 
Kernohan’s statistics, the ratio of spinal intra-
medullary tuberculoma to other spinal cord 
tumours was 1:48. Among collected 84 cases by 
Thalhimer and Hassin, only 67 were definitely 
documented. They added one case of spinal 
intramedullary tuberculoma [32]. Kupka and 
Olsen collected 19 more cases since the time 
of Thalhimer and Hassin’s report and added 1 
spinal intramedullary tuberculoma [33]. Dastur 
reviewed 74 patients of paraplegia due to TB 
without evidence of Pott’s spine and revealed 

that extradural granulomatous lesion occurred 
in 64%, arachnoiditis in 20%, subdural/extra-
medullary granuloma in 8% and intramedullary 
tuberculoma in 8% [34]. Spinal cord involve-
ment compared to that of the brain occurs in 
the ratio of 1:42 [23]. Spinal intramedullary 
tuberculomas are rarely reported in developed 
countries’ literature with prevalence of 2 out 
of 100,000  TB cases. Many cases have been 
described in literature; however, the contribu-
tion of all authors is based on one or very few 
personal patients. A thorough review of the 
world literature by Lin in 1960 discovered 105 
cases of spinal intramedullary tuberculoma, 88 
of which were found during post-mortem exam-
ination [35, 36]. Study conducted by Ratliff and 
Conolly found only 148 cases of spinal intra-
medullary tuberculomas in the recent litera-
ture [37]. Syringomyelia was first described by 
Charcot and Joffery Vulpian [16, 38, 39]. The 
first description of syringomyelia attributable to 
TB is by Marinesco in 1916 [40, 41].

18.2.2	 �Aetiology and Pathogenesis

The intraspinal tuberculoma are classified (Homi 
M Dastur 1972) as follows [34]:

	1.	 Extradural with:
	(a)	 Vertebral body involvement
	(b)	 Vertebral arch involvement
	(c)	 Without osseous involvement
	(d)	 With osseous or dural involvement but 

within the epidural fatty tissue
	2.	 Subdural:

	(a)	 Localized
	(b)	 Diffuse

	3.	 Subdural and extradural
	4.	 Arachnoidal without dural involvement
	5.	 Intramedullary TB granuloma

Non-osseous spinal tuberculoma usually 
occurs due to spread from a primary pulmonary 
TB focus via hemopoietic route, but it may also 
arise by direct extension from TB hilar lymph 
nodes [23, 34, 42–47]. In most of the reported 
cases of spinal tuberculoma, the patients have 
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diagnosed following or during treatment for tuber-
culous meningitis (TBM) [48–52]. In early stage 
of spinal TB, different degree of inflammatory 
exudation and congestion may be noted in the 
meninges (spinal TBM) [53–56]. The spinal 
cord and its roots may become oedematous (TB 
myelitis and myeloradiculitis), sometimes sur-
rounded by gelatinous thickened arachnoid and 
exudates (TB arachnoiditis or web formation) 
[33, 38, 57, 58]. Three possible pathogeneses for 
the occurrence of spinal TB arachnoiditis are the 
following:

	1.	 TB lesion primarily arising in the spinal 
meninges

	2.	 Extension of TB spondylitis
	3.	 Downward extension of intracranial TBM

Among these, spinal arachnoiditis secondary 
to intracranial TBM is the most common finding 
[38, 57]. The most often affected site is the tho-
racic region, followed by the lumbar and cervical 
regions of the spine [59]. Macroscopically, TB 
exudate can be visualized around the spinal cord 
and nerve roots (Fig. 18.1). The exudate is pre-
dominantly noticeable posteriorly, perhaps due to 
lying in the supine position for a sustained period. 
Microscopically, inflammatory granulation, case-
ation, tubercles and fibrous tissue are eminent 
[36, 60, 61]. In long-lasting cases, the subarach-
noid space may be unevenly congested, with the 
formation of pouches of cerebrospinal fluid 
(CSF). Variations in arachnoiditis can be docu-
mented as either a diffuse-adhesive form or a cys-
tic form [38, 57, 62].

Further increase in exudation leads to the 
development of abscess or granuloma (intradu-
ral extramedullary tuberculoma/abscess) (Fig. 
18.2), which is usually densely adhered to the 
inner side of dura mater and then starts to burrow 
into the spinal cord called spinal intramedullary 
tuberculoma. Tuberculoma may be secondary 
to hematogenous dissemination of systemic 
diseases or may progress from CSF infection 
extension into the contiguous spinal cord paren-
chyma through parenchymal veins and perforat-
ing arteries. Sometimes it then becomes difficult 
to distinguish whether the abscess is intra-
medullary or extramedullary [36, 61, 63–68]. 
Necrotic material, debris and caseous material 
accumulation lead to formation of abscess in 
the substance of the spinal cord as the disease 
progresses [47]. Mature tuberculoma has solid 
caseation necrosis centre surrounded by collag-
enous tissue capsule, multinucleated giant cells, 
epithelioid cells and mononuclear inflammatory 
cells [69]. Outside the capsule is the surround-
ing oedema. The surrounding oedema is com-
paratively more noticeable in the early stage of 
granuloma development, so fusiform swelling 
of the spinal cord has been eminent in most of 
the cases of spinal intramedullary tuberculoma 
[59, 63, 70].

Adhesions between the fibrin-coated nerve 
roots and meninges lead to CSF loculations and 
tethering or clumping of nerve roots [33, 58, 62]. 
The postulated mechanism of development of syr-
inx cavities has been well described in literature. 

Fig. 18.1  Spinal TB arachnoiditis with web formation 
causing spinal cord compression

Fig. 18.2  Intradural extramedullary abscess/granuloma 
causing spinal cord compression
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The association of syringomyelia with arachnoid-
itis is well recognized [71–73]. Caplan and Mac 
Donald have, in fact, suggested that ischemic 
myelomalacia causes microcystic spinal cord 
degeneration, which precedes the development of 
syringomyelia due to arachnoiditis [38, 74]. The 
microcysts coalesce to produce macrocystic cavi-
ties within the cord, which then begin to extend up 
and down the affected segment of the cord. 
Further enlargement of the cavity is postulated to 
be secondary mechanical factors, which increase 
intracavitary pressure. The development and pro-
gression of syringomyelitic cavities are likely to 
produce delayed neurological deterioration in 
these patients, even in the absence of the active 
disease [41].

18.2.3	 �Clinical Presentation

TB is a chronic bacterial infection produced by 
Mycobacterium tuberculosis [75–78]. TB of the 
CNS is an unusual entity, affecting 0.5–2% of 
patients with systemic TB.  It is more common 
in young patients with pulmonary TB (69% of 
cases) in the developing countries [19, 79, 80]. 
There may be no proof of extra-neural TB in up 
to one third cases of neuro-TB. Therefore, even 
in non-appearance of TB elsewhere in the body, 
the possibility of TB of CNS cannot be ruled out 
[63, 81]. In maximum of the described spinal cord 
TB cases, the patients have presented following or 
during treatment for TBM [82]. Depending on the 
various forms of spinal TB, clinical presentation 
differs in patient to patient [32, 83, 84].

18.2.3.1	 �Extradural Involvement
Osseous involvement as Pott’s spine causes 
extradural cord compression by vertebral col-
lapse, epidural collection/granulation/debris and 
kyphotic deformity, leading to compressive 
myelopathy symptoms and signs along with 
localized pain, stiffness, local tenderness and 
muscles spasm, obvious spinal deformity, gibbus 
and a cold abscess [3, 10]. The advancement of 
spinal TB is insidious and usually slow [11, 22].

The total period of the disease varies from 
few months to few years, with usual disease 

duration extending from 4 to 11 months [29, 85]. 
Usually, patients pursue opinion only when there 
is severe pain, obvious spinal deformity or neu-
rological manifestations [26, 28]. Constitutional 
symptoms are present in around 20–30% of 
cases of osteoarticular TB [66, 67]. The classi-
cal constitutional symptoms of TB indicating the 
presence of an active disease are loss of weight, 
malaise, decreased appetite, night sweating, 
evening rise fever, fatigue and generalized body 
aches. Back pain is the most common feature 
of spinal TB. The severity of pain ranges from 
regular mild dull ache to disabling pain. Pain 
typically occurs to the site of spinal involvement 
and is localized and most commonly involves the 
thoracic region. The pain may be provoked by 
spinal movement while coughing, and weight-
bearing, because of pathological fracture, spinal 
instability, nerve root compression or advanced 
disc disruption [22, 68]. Chronic backache as 
the only presentation was noted in about 61% of 
cases of Pott’s spine.

18.2.3.2	 �Intradural Involvement
Non-osseous spinal TB as meningitis presents 
as constitutional fever, headache, backache and 
sometimes quadriparesis/paraparesis due to 
vasculitic infarct by involvement of blood ves-
sels or due to thrombus formation (spinal cord 
syndromes). Intradural extramedullary tubercu-
loma and abscess cause cord compression lead-
ing to upper motor neuron type of weakness 
below the lesion [43].

TB arachnoiditis causes clumping and adhe-
sion of the roots and presents as radiculitis/
radiculopathy [33, 58]. The clinical signs and 
symptoms are generally restricted to polyradic-
ular or monoradicular pain syndromes that may 
be complemented by sensory and motor deficits. 
Symptoms commonly progress over several 
years, although quickly progressing cases have 
been mentioned. Sometimes arachnoid thick-
ening forms web and constricting band which 
compress the cord [Fig. 18.1]. These TB arach-
noid web and band ultimately lead to compres-
sive myelopathy and in some cases tethering of 
cord that leads to tethered cord syndrome fea-
tures [62, 86].
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18.2.3.3	 �Intramedullary Involvement
Spinal intramedullary tuberculoma and abscess 
present as spinal tumour syndrome and are very 
rare [59]. They mimic intramedullary tumour in 
symptomatology with a rapidly advancing 
course. If such patient has a TB lesion elsewhere 
in the body at present or in the past, one can keep 
this condition in differential diagnosis with non-
TB, tumorous and nontumourous lesion [59, 63]. 
On examination they have no clinical spinal 
deformity. Spinal intramedullary tuberculoma 
most commonly involves the thoracic spinal 
cord. Maximum of the described spinal intramed-
ullary tuberculoma in literature are solitary [1, 2, 
13–15, 23, 44, 46]. However, multiple spinal 
intramedullary tuberculomas have been even 
more reported after the MRI introduction 
(Fig. 18.3) [59, 63, 87, 88]. Spinal intramedullary 
tuberculoma is also reported in HIV patients; 
patients with auto-immune disease, especially 
systemic lupus erythematosis; and patients taking 
immunosuppressive treatment for liver transplan-
tation, so symptomatology of these associated 
co-morbid conditions may be present [13, 18, 59, 
89]. Another manifestation of spinal cord TB is 

syrinx formation, which pathophysiology is 
already discussed [38, 74]. Sign and symptoms 
of central cord syndrome appear in these cases.

Paraplegia is the most upsetting problem of spinal 
TB [83, 84, 90, 91]. In classical paper of Hodgson 
on Pott’s paraplegia, it is classified into two sets 
according to the tubercular infection activity:

	(a)	 Paraplegia of active disease (early-onset 
paraplegia)

	(b)	 Paraplegia of healed disease (late-onset para-
plegia) (Table 18.1) [29]

Early-onset paraplegia progresses in the active 
stage of Pott’s spine and requires vigorous man-
agement. This category of paraplegia has a better 
outcome [29]. Late-onset paraplegia, which is a 
neurological complication in a patient with 
healed TB, advances after a variable duration. 
Late-onset paraplegia may occur two to four 
decades after active stage of infection. Late-onset 
paraplegia is often accompanying with obvious 
spinal deformities.

Neurological deterioration is usually more 
common with thoracic and cervical regions of 

Fig. 18.3  MRI spine showing multiple conglomerate rim-
enhancing tuberculomas at conus and epiconus regions

Table 18.1  Mechanisms of paraplegia/tetraplegia in spi-
nal tuberculosis

Causes of neurological involvement

Early-onset paraplegia
Mechanical pressure Mechanical pressure by 

tuberculous debris, sequestrum 
of the bone or disc, abscess, 
subluxation and dislocations, 
concertina collapse and 
internal gibbus

Tuberculous 
granuloma

Tuberculoma in extradural, 
intradural or intramedullary 
regions

Tuberculous myelitis Uncommon. May involve 
spinal cord parenchyma

Spinal artery 
thrombosis

Infective thrombosis of 
anterior spinal artery

Tuberculous 
arachnoiditis

Meningeal inflammation and 
fibrosis

Late-onset paraplegia
Transection of spinal 
cord by bony bridge

Transverse ridge of bone 
produced by severe kyphosis

Fibrosis of dura 
(pachymeningitis)

Formation of tough, fibrous 
membrane encircling the cord
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spine involvement. Early neurological deficit may 
evolve to complete paraplegia or tetraplegia if left 
untreated. Paraplegia may develop at whatever 
time and during any stage of the Pott’s spine. The 
incidence of neurological deficit in Pott’s spine 
varies from 23% to 76% in available literature. 
The spinal cord level decides the degree of neu-
rological deficits. There are symptoms of cord 
or root compression in patients having cervical 
Pott’s spine, and it includes neck pain and weak-
ness and numbness of the upper and lower limbs, 
eventually continuing to quadriplegia. In cases 
of thoracic or lumbar spine involvement, upper 
limb function remains full, while lower limb 
symptoms advances over time ultimately leading 
to paraplegia [32, 91]. Patients with lumbar and 
sacral Pott’s spine have low backache weakness, 
numbness and radicular pain due to cauda equina 
compression and have diminished or absent deep 
tendon reflexes in involved muscles group. It is 
just opposite to the hyperreflexia seen with cer-
vical and thoracic spinal cord compression along 
with bladder symptoms (cauda equina syndrome). 
Neurological ambulatory status is generally eval-
uated using the modified McCormick scale [84] 
[Grade I = normal gait, Grade II = mild gait dis-
turbance not requiring support, Grade III = gait 
with support, Grade IV  =  assistance required, 
Grade V = wheel chair/bedridden (Table 18.2)].

Some patients develop headache with blurring 
of vision, ataxia and seizure in follow-up, and 
MRI brain reveals concurrent multiple intracra-

nial tuberculomas (Fig. 18.4) [59, 63, 87, 88]. 
Concurrent intracranial tuberculoma is extremely 
rare. We recommend that MRI brain should be 
advised in the multiple spinal intramedullary 
tuberculoma cases because the possibility of 
early asymptomatic intracranial tuberculomas 
may be there [59]. Early detection of these find-
ings helps in the management of patients with 
spinal TB.

18.3	 �Investigation

18.3.1	 �Evaluation of Primary Focus

All the patients must be completely evaluated in 
terms of primary focus, site and extent of the lesion 
and its correlation with manifestations. Usual 
non-invasive investigative tools are MRI spine 
with contrast, X-ray chest, X-ray spine, erythro-
cyte sedimentation rate (ESR) and HIV serologi-
cal examination [31, 69, 92–95]. Asymptomatic 
primary focus is common in TB prevalent zone of 
the world. Skin tests have not much role in making 

Table 18.2  Modified McCormick scale for gait assess-
ment in spinal intramedullary lesion

Grade I Normal gait
Grade II Mild gait disturbance not requiring support
Grade III Gait with support
Grade IV assistance required
Grade V Wheel chair/ bedridden

Fig. 18.4  MRI brain with 
contrast revealed 
concurrent multiple 
intracranial tuberculomas 
in patient with spinal 
intramedullary 
tuberculoma
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diagnosis especially in juveniles and adults [37, 89, 
96–98]. These tests are significant in geographi-
cal area where TB is not as frequent [99–101]. 
The best imaging modality for diagnosis is MRI, 
because it can precisely show size, location and 
extent of lesions, in addition to information about 
degeneration and necrosis surrounding the lesions 
[59, 102–105]. Etiological approval TB can be 
done either by demonstration of acid-fast bacilli in 
pathological sample or histological confirmation 
of a tubercle or the simple existence of epithelioid 
cells on the biopsy [106].

Plain roentgenograms of chest usually discov-
ered sign of active or healed lung TB in 30–40% of 
cases which can be supported by CT chest if diag-
nosis is in doubt (Figs. 18.5 and 18.6) [59, 97]. 
X-ray of spine or CT of spine reveals osseous 
involvement, end-plate disruption, bone destruction 
and paravertebral abscess formation; intrathecal 
contrast instillation shows the severity of thecal sac 
obliteration [26, 28, 59]. MRI delineates the extent 
of cord compression and myelopathic changes, and 
they are helpful in management of Pott’s spine, 
which is discussed in detail in Chap. 15.

18.3.2	 �MRI Characteristics of Spinal 
Tuberculosis

Non-osseous spinal cord involvement is best eval-
uated by MRI with gadolinium contrast. It is also 
useful in monitoring the anti-TB chemotherapy 
response and in follow-up of these patients. It is 
also helpful in decision making of surgical needs.

18.3.2.1	 �Tuberculous Spinal 
Arachnoiditis

MRI is the best investigative tool and may show 
abolition of the spinal subarachnoid space, with 
loss of the spinal cord outlining in the cervi-
cothoracic spine and clumping of the cauda Fig. 18.5  X-ray chest suggestive of associated miliary TB

Fig. 18.6  CT thorax 
suggestive of associated 
miliary TBs

18  Spinal Cord
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equina nerve roots in the lumbar area [30, 61]. 
Contrast MRI discloses nodular, linear, thick, 
intradural enhancement, which can entirely 
block the subarachnoid space, occasionally 
giving the look of a normal non-enhanced MRI 
and occasionally shifting the cord ventrally 
common in dorsal spine (Fig. 18.7) [38, 42, 
57]. Chronic spinal TB arachnoiditis may not 
enhance on contrast MRI. The severity of MRI 
appearance does not correlate well with symp-
toms. Classically, three MRI configurations of 
arachnoiditis have been defined involving the 
cauda equina region:

Type 1: Central-type roots are matted to the cen-
tre of the thecal sac.

Type 2: Peripheral-type roots are adherent to the 
periphery of the dural sac.

Type 3: Adherent roots to one side of the thecal 
sac resembling a soft tissue tumour.

Spinal TB arachnoiditis must be differentiated 
from other probable causes of arachnoiditis.

18.3.2.2	 �Tuberculous Syringomyelia
Sometimes syringomyelia is associated finding 
(vasculitic thrombosis of spinal cord vessels lead-
ing to ischemic myelomalacia is the mechanism 
causing postinflammatory syringomyelia) [39]. 

Usually TB syrinx is multiloculated and signifi-
cant cord atrophy is seen (Fig. 18.8) [36, 38, 39, 
71]. Using different sequences MRI can differenti-
ate myelomalacia and syrinx [41]. Syringomyelia 
is appreciated as spinal cord cavitation that clas-
sically exhibits CSF signal intensity on both T1- 
and T2-weighted sequences and does not take 
contrast [72, 73]. T1-weighted, inversion recov-
ery and proton density images are very valuable 
for making diagnosis of cystic areas due to the 
arrival of MRI by which tubercular myelopathy 
and syringomyelia, which are surgically curable, 
can be noticed in its initial phase.

18.3.2.3	 �Intradural Extramedullary 
Tuberculoma

Intradural extramedullary tuberculoma is seen to 
encase the cord and cause obliteration of the sur-
rounding thecal sac. Epidural fat appears to be com-
pressed by the lesion. The lesions are isointense to 

Fig. 18.7  MRI spine suggestive of spinal TB arachnoidi-
tis causing obliteration of subarachnoid space with 
matting of nerve root and nodular thick intradural 
enhancement

Fig. 18.8  MRI spine showing post-TB meningitis multi-
loculated syrinx with cord atrophy
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hypointense to the cord parenchyma on T1-weighted 
sequences and are hypointense on T2-weighted 
sequences. It usually shows a central hyperintensity 
on T2-weighted sequence suggestive of necrosis. 
There is homogenous contrast enhancement after 
intravenous gadolinium (Fig. 18.9) [42, 43, 55]. It 
can sometimes present as intradural extramedullary 
en plaque-shaped mass [56]. There may be also 
associated syringomyelia both proximal and distal 
to the lesion.

18.3.2.4	 �Spinal Intramedullary 
Tuberculoma

MRI is the gold standard diagnostic tool, as it pre-
cisely shows the number and size in such lesion. 
The first MRI predictable explanation was provided 

by Rhoton and his colleagues in 1988, and the 
authors of consequent studies were better capable to 
depict these lesions as technology advanced [70].

These lesions characterize various phases dur-
ing the advancement of spinal intramedullary 
tuberculoma [36, 59, 74, 94]. In early inflam-
matory stage, there is plenty of giant cells and 
deprived collagenous capsule with inconstant 
adjoining oedema. At this stage, spinal intramed-
ullary tuberculoma is isointense on both T1- and 
T2-weighted sequences with fusiform localized 
thickening of cord and demonstrates a homoge-
neous contrast enhancement with gadolinium due 
to failure of blood-cord barrier. Afterwards sur-
rounding capsule becomes more affluent in col-
lagen, and surrounding inflammatory response 
starts fading. This results in an isointense or 
hypointense ring on T1-weighted sequence and as 
isointense or hypointense signals on T2-weighted 
sequence of MRI (Fig. 18.10). Post-gadolinium 
studies demonstrate disc-like or ringlike and 

Fig. 18.9  MRI spine showing post-gadolinium-
enhancing intradural extramedullary granulomatous col-
lection suggestive of tuberculoma

Fig. 18.10  MRI spine showing isointense lesion with 
hyperintense rim in T2 suggestive of spinal intramedul-
lary tuberculoma

18  Spinal Cord
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sometimes conglomerate enhancement. With 
development of caseation, the centre becomes 
bright on T2-weighted sequences and is typically 
called the “target sign” (Fig. 18.11) [59, 74, 95, 
107]. On treatment with anti-TB chemotherapy, 
the lesion retrogresses in size and dissolves, to be 
substituted by gliosis, which perhaps is appreci-
ated as an area of hypodensity on MRI [59, 64]. 
Follow-up MRI spine becomes essential not only 
to evaluate the effectiveness of anti-TB chemo-
therapy but also to identify paradoxical response 
to medical treatment [18, 59, 85].

The differential diagnosis includes common 
spinal intramedullary tumours, such as astrocy-
toma, hemangioblastoma, ependymoma, lym-
phoma, metastasis, multiple sclerosis, infarction, 
opportunistic infections and cysticercal granu-
loma [64, 94, 108–111]. Vascular myelopathy 
occurs due to HIV virus in HIV patients, and 
other more common spinal infections in these 
patients are herpes simplex virus, cytomegalovi-
rus and 92 Toxoplasma gondii infections of the 

spinal cord as compared to tuberculomas. Spinal 
cord vasculitic infarction and primary non-
Hodgkin lymphoma may also be seen in HIV 
patients [13, 18, 20]. Differentiation between 
these lesions may be sometimes very difficult, 
but correlation of history, clinical findings and 
the peculiar signal changes in MRI can be helpful 
in making diagnosis of spinal intramedullary 
tuberculoma very easily [59].

18.4	 �Management

The ideal management of spinal TB continues 
debatable and should be customized in each case. 
The detailed management of Pott’s disease, spi-
nal dura mater and epidural space and subdural 
space TB is discussed in respective chapters of 
this book (see Chaps. 15, 16 and 17). Assuming 
the uncommonness of spinal intramedullary 
tuberculoma, there is no uniform management 
protocol for this disease. Both surgical and medi-
cal management have brought good outcomes in 
various series.

18.4.1	 �Medical Management

Several authors have suggested medical manage-
ment of spinal intramedullary tuberculoma with 
good outcomes. Pernuate et al. [73] and Jena et al. 
[105], however, sensed that there was no require-
ment for surgical interventions, and imaging ver-
dicts were sufficient to start anti-TB treatment. 
Gupta et  al. [103] have described ten cases in 
which MRI established that spinal intramedullary 
tuberculoma had responded to medical manage-
ment. Among other individual case reports of 
medical management, few cases were described 
in which paradoxical progression of tuberculoma 
found even with anti-TB chemotherapy, and these 
patients needed surgical procedure [59].

Conservative management of spinal intramed-
ullary tuberculoma, if diagnosed early, usually 
has good response to medical treatment prevent-
ing the need for surgical intervention [19, 20, 83, 
112, 113]. Anti-TB medications (isoniazid (INH) 
5  mg/kg/day, rifampin (RIF) 10  mg/kg/day,  

Fig. 18.11  Post-contrast T1 image of MRI spine show-
ing typical “target sign” suggestive of spinal intramedul-
lary tuberculoma
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etambutol (ETB) 15  mg/kg/day, pyrazinamide 
(PRZ) 25 mg/kg/day, streptomycin (STR) 15 mg/
kg/day and moxifloxacin (MF) 10 mg/kg/day for 
3 months in intensive phase of anti-TB chemo-
therapy followed by two-drug regimen (INH, 
RIF) in continuance phase range from 12 to 
21 months) and a short duration of injectable or 
oral corticosteroids give an effective, economi-
cal, harmless and reasonable choice for treatment 
of spinal intramedullary tuberculoma, mainly in 
developing nations [37, 40, 64, 89]. Corticosteroid 
role is basically not proven [114, 115]. In all 
three conservatively managed patients, Jaiswal 
et al. had positive results with oral steroid for a 
short period, when given along with anti-TB che-
motherapy [59]. Indication of conservative man-
agement in these three patients was associated 
pulmonary Koch’s for 3–4 months and nonpro-
gressive neurological status in one case and mul-
tiple intracranial as well as spinal intramedullary 
tuberculomas in MRI (Fig. 18.4), clinical feature 
along with X-ray chest suggestive of pulmonary 
Koch’s in two cases (Fig. 18.5). Especially with 
perilesional oedema, short-course corticosteroids 
may be supportive. Generally the conservative 
management is effective in attaining thorough 
clinical neurological improvement over a dura-
tion of 1–2 years, which is too complemented by 
resolution of the spinal intramedullary tuberculo-
mas in MRI (Fig. 18.12) [59].

18.4.1.1	 �Paradoxical Reaction to Anti-
tuberculous Chemotherapy

The formation of a new intracranial tuberculoma in 
patients getting active anti-TB treatment has been 
well known in the past many decades [35, 116]. 
This paradoxical reaction, on the other hand, has 
only in recent times been reported in cases of spinal 
intraspinal tuberculoma [59, 62]. Similarly, an 
upsurge in the size of spinal intramedullary tuber-
culomas in patients taking anti-TB chemotherapy 
has also been described in recent times. The par-
ticular cause for this enlargement in size is not clear 
but is supposed to be due to the paradoxical reac-
tion of the host to the M. tuberculosis yields.

This paradoxical occurrence is supposed to be 
to the effect of an immunological response: as 
active TB is under control, immunosuppression 

settles, and the anti-TB chemotherapy-induced 
damage of bacilli results in a discharge of dispro-
portionate quantities of tubercular protein. This 
protein excites the antigen-sensitive lymphocytes 
in the tuberculoma to multiply, causing in the 
chain of proceedings that is accountable for 
enlargement of tuberculoma or conception of for-
merly barely visible tuberculomas [117, 118]. In 
an analysis of non-HIV patients with culture-
established TB, Cheng et al. [57] evaluated cases 
in which the reaction to anti-TB chemotherapy 
was paradoxical compared to cases in which this 
paradoxical reaction was absent. They obtained 
that there were lesser absolute lymphocyte counts 
at the time of diagnosis and more rises in the abso-
lute lymphocyte count after start of anti-TB che-
motherapy in patients in whom the paradoxical 
reaction to anti-TB therapy was lacking. A rise in 
lymphocyte count, supplemented by an overstated 
tuberculin skin reaction, was found for the dura-
tion of the paradoxical response. These results rec-
ommend that enhancements in cell-mediated 
immune role after start of anti-TB treatment may 

Fig. 18.12  Follow-up MRI spine suggestive of tubercu-
loma resolution on conservative management

18  Spinal Cord
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be relatively accountable for the paradoxical reac-
tion. If such an immune reaction happens at the 
location of microscopic intracranial and spinal 
centres, the outcome could be the expansion of 
tuberculomas at those locations.

18.4.1.2	 �Paradoxical Reaction 
to Anti-TB Therapy: Medical 
or Surgical Management?

Maximum authors have confidence in that con-
tinuing anti-TB treatment is suitable when 
paradoxical response progresses in intracranial 
tuberculoma. An analysis of the available litera-
ture on spinal intramedullary tuberculoma, on the 
other hand, approves the unresponsiveness of this 
situation to medical treatment only and points 
out the requirement for surgical intervention 
[59]. The cause of unresponsiveness in this situ-
ation to anti-TB chemotherapy is not identified. 
Therefore, when spinal intramedullary tuber-
culoma takes place as a paradoxical reaction to 
anti-TB chemotherapy, we consider for surgical 
intervention.

18.4.2	 �Surgical Management

Suzer et al. [119] support microsurgical removal 
of the spinal intramedullary tuberculoma and 
anti-TB treatment as the management of choice 
for all patients supposed to have spinal intramed-
ullary tuberculomas. In 15 cases, Ramdurg et al. 
[64] performed surgical intervention in 12 cases 
in which 9 showed improvement in neurological 
function. MacDonnel [74] has stated 65% 
improvement after surgical treatment. The prin-
ciple of surgical procedure is the decompression 
of the cord when continuing neurologic deficits 
occur and also makes it potential to inspect the 
tissue histopathologically. Unnecessary post-
ponement due to prolonged medical treatment 
might produce permanent cord destruction, and 
the patient might not recover in terms of neuro-
logical deficits even though the lesion dissolves 
in radiological investigation. We trust that surgi-
cal management should be well thought out for 
cases presenting advancing deficits despite 
satisfactory medical treatment and large lesions 

causing significant compression. Surgical exci-
sion of spinal intramedullary tuberculoma after 
decompressive laminectomy of the correspond-
ing level was performed in eight cases of author 
case series [59]. Indication of surgical interven-
tion was the following: (1) unresponsive to anti-
TB chemotherapy, (2) diagnosis is in suspicion 
(MRI finding suggestive of intramedullary 
tumour in differential diagnosis) in patient with 
no history of pulmonary TB, (3) there was a rapid 
deterioration in neurological function, and (4) 
paradoxical increase in size with mass effect after 
anti-TB chemotherapy starts.

With capable microsurgical procedures, it is 
likely to carefully remove the spinal intramedul-
lary tuberculoma as these are well defined [62, 
64, 70, 89, 120]. Like any surgical technique, 
there are associated hazards of anaesthesia and 
possibility of evolving sinus formation, postsur-
gical TBM and leftover neurological deficit [59, 
119, 121].

18.4.2.1	 �Basic Steps 
of Intramedullary 
Tuberculoma Surgery

Exposure
The exposure of a spinal intramedullary tubercu-
loma is performed in the prone position. For pos-
terior position, attention should be given to 
backing the abdomen and thorax adequately to 
assist venous blood flow to the heart with the aim 
of limiting extradural venous congestion and to 
avoid pressure-related harms during surgical 
intervention that will frequently take many hours. 
For cervical intramedullary tuberculoma and up 
to the level of upper two thoracic vertebrae, few 
persons select the semi-sitting position. Provided 
an anaesthesiologist team having experience of 
prone position is near, it does deal significant 
benefits. Particularly, a fresh surgical exposed 
area is easy to carry on at all times simply by irri-
gation. This diminishes the requirement for extra 
suction adjacent to the spinal cord. Monitoring 
by sensory evoked potentials (SEPs) can circum-
vent unwarranted pressure over the spinal cord 
during this manoeuvre.

M. Jaiswal
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After proper positioning, we define the exact 
spinal level by fluoroscopic exposure. We execute 
a midline skin incision up to the fascia. The fascia 
is incised on both sides approximately up to the 
spinous processes. Next, we separate the paraspi-
nal muscles from spinous processes and laminae 
with the periosteal elevator. When all laminae are 
uncovered to about the facet joints, we confirm 
again the correct spinal level with C-arm (Fig. 
18.13). Before bone removal we assure absolute 

haemostasis. For spinal intramedullary tubercu-
loma, we do a laminotomy about 10–15 mm wide. 
For this we cut the lamina with a diamond drill 
and remove the lamina in one block (Figs. 18.14 
and 18.15). We stock en block lamina in tense 
state to prevent shrinkage till the procedure ends 
as well as wet with isotonic saline fluid. In this 
way, we confirm an appropriate fitting of the lam-
ina for reposition after the end of procedure. 
Traditional laminectomy may be escaped when-
ever likely to avoid. If a laminectomy is required, 
we practice a 1 or 2 mm Kerrison punch to pre-
vent the cord injury. Yellow ligament can be left 
over the dura as cover to prevent epidural venous 
bleeding during laminectomy.

After the bone removal is over, the ligamen-
tum flavum is cut meticulously. We should avoid 
pulling of the epidural fat while cutting ligamen-
tum flavum to avoid unnecessary epidural bleed. 
After exposure of the epidural fat, it can be 
incised or mobilized to lateral side by bipolar 

Fig. 18.13  Vertebral arch exposure to about interverte-
bral joint

Fig. 18.14  Medial laminotomy by cutting the vertebral 
arch with small diamond drill

Fig. 18.15  Removal of 
all laminae including the 
interspinous and 
ligamentum flavum  
as en block

18  Spinal Cord
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coagulation. All these manoeuvres minimize the 
blood loss during the exposure of dura.

After dura exposure (Fig. 18.16a), midline 
dural opening is done under operating micro-
scope. Dural stay sutures are taken to expose the 
surgical field properly (Fig. 18.16b). The arach-
noid membrane should not open along with dura 
opening to prevent sudden escape of CSF and 
cord or vascular injury. After the dural opening, 
the arachnoid membrane is incised with micro-
scissor and arachnoid hook. Arachnoid should be 
incised in a meticulous manner to prevent injury 
to the cord and its blood vessels.

Tuberculoma Resection
After the arachnoid layer is opened with micro-
scissors, the spinal cord is looked for an appro-
priate zone for opening. Most of the time, 
there is no clue of lesion underlying the dor-
sum of the spinal cord lest it has extended the 
pia mater or even grown-up in exophytic man-
ner. Occasionally arachnoidal thickening due 
to TB arachnoiditis may point to the beneath 
pathological lesion. In patients with post-TBM 
syringomyelia, the exact location of spinal intra-

medullary tuberculoma cannot be predicted only 
by inspecting of the spinal cord because the 
spinal cord will be distended over a more wide-
spread region. Therefore, we acclaim ultrasound 
probe use to confirm that the exposure is satis-
factory and to define the precise location of the 
tuberculoma before myelotomy.

Principally, three alternatives are there for 
myelotomy. Most of the time, myelotomy is per-
formed in the midline. The dorsal root entry zone 
may be utilized if the tuberculoma is located lat-
erally. If tuberculoma is encroaching the cord 
surface or having exophytic component, myelot-
omy can be done directly over that bulge. 
Needless coagulation of cord surface vessels 
should be avoided, because it may lead to sub-
stantial sensory deficit. SEPs monitoring is 
remarkably supportive during myelotomy. 
Additionally, motor-evoked potential monitoring 
is helpful during tuberculoma resection.

We advocate myelotomy over the tubercu-
loma as the first step of resection. We usually per-
form the dissection with the help of a microneedle 
hook or microscissors to incise the pia mater. 
After that, cord opening is done by spreading the 

a

b

Fig. 18.16  (a) Exposed dura mater after haemostasis of epidural venous bleeding. (b) Dura mater stay sutures are used 
to keep dura open
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cord fibres apart from midline with blunt instru-
ments to avoid sharp dissection.

Best landmark for cord midline is the poste-
rior median septum, which separates the spinal 
cord in two halves on dorsal aspect. Small con-
versing blood vessels of both sides into this sep-
tum are pointer for median septum.

We use proline 5-0 suture material for 
anchoring pia mater to keep the myelotomy 
open. This technique decreases handling of cord 
parenchyma and prevents injury during tubercu-
loma resection as well as helps in maintaining 
the resection plane. For the large tuberculoma, 
debulking can be done with the help of coagu-
lation and piecemeal removal. Debulking can 
be achieved by sharp dissection, biopsy for-
ceps or cavitron ultrasonic aspirator (CUSA) as 
and when required. After adequate debulking, 
dissection of tuberculoma margins should be 
performed.

Most of the time, it is likely to almost dissect 
the tuberculoma capsule from the surrounding 
cord parenchyma with the help of microforceps 
and dissectors (Fig. 18.17). In cases where tuber-
culoma capsule is adherent to cord parenchyma, 
sharp dissection is to be done to remove the 
tuberculoma. If there is associated syrinx, it can 
help in marginalizing the tuberculoma and 
dissection.

Closure
As tuberculoma is resected and removed, we 
should look for adequate haemostasis which 
can be achieved by gentle coagulation, small 
cottonoids and saline irrigation. Few thin pro-
line sutures can be used to approximate the pia 
mater to prevent adhesion between arachnoid 
and cord parenchyma. Some authors recom-
mend to close arachnoid layer to avoid scar-
ring, but it is the surgeon’s choice and personal 
experience. Lastly watertight dura closure is 
performed.

Laminoplasty can be performed with help 
of miniplates or sutures. But metallic mini-
plates cause interface in follow-up MRI so it 
should be avoided if possible. The paraspinal 
muscles are approximated with sutures. Deep 
muscle facia with sheath closure is key to pre-
vent wound gaping and CSF leak. Skin and 
subcutaneous layer suturing is done in tradi-
tional way.

18.4.2.2	 �Histopathology
The gross pathological specimens are generally 
encapsulated and/or yellow-grey firm mass. 
Histopathological evaluation of the resected 
specimen of tuberculoma in most of the cases has 
epitheloid cell granulomas with Langerhans giant 
cells (Fig. 18.18). Areas of caseous necrosis are 
also a characteristic finding [106]. Along the 
margin of the lesion, ill-formed granulomas 
mixed with mononuclear infiltration and are of 
gliosis are usually seen in histopathological 
examination [59]. Variable numbers of acid-fast 
bacilli are often detected in the lesions.

18.4.2.3	 �Postoperative Outcome 
and Complications 
Management

Postoperative MRI shows total resolution of the 
lesion in most of the operated patients. In some 
patients, there was postoperative oedema which 
was resolved in follow-up MRI at 3 months [59, 
70, 99]. Few patients develop CSF leak in postop-
erative period which is successfully managed by 
acetazolamide, prone position and compression 
dressing. Sixty percent to 70% of patients improve 

Fig. 18.17  Wipe the covering layer of spinal cord tissue 
over the tuberculoma capsule
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significantly and rest gradually in neurological 
status in terms of ambulation and spasticity in 
follow-up [119, 121]. Antispastic agent is also 
advised in postoperative period in dose of baclofen 
10 mg thrice a day. Anti-TB chemotherapy is con-
tinued postoperatively with follow-up at regular 
interval of 3 months, 6 months, 1 year and 2 years 
[59]. Post-TB syringomyelia is managed by 
syringo-subarachnoid shunt and has good out-
come in some patients (Fig. 18.19). Some recent 
publications related to intramedullary manage-
ment and outcome are summarized in Table 18.3 
[1, 14, 47, 59–61, 64, 83, 89, 91, 107, 116].

Fig. 18.18  Histopatho–
logical examination finding 
showing multiple 
epitheloid cell granulomas 
with Langerhans and 
foreign body type of giant 
cells confirming the 
diagnosis of tuberculoma

Fig. 18.19  Syringo-subarachnoid shunt for post-TB 
syringomyelia
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�Conclusion

•	 Although rare, spinal intramedullary tuber-
culoma should be kept in the differential 
diagnosis of spinal cord lesions.

•	 Gadolinium-enhanced MRI helps in the 
accurate diagnosis and monitoring of the 
treatment response and in the follow-up of 
spinal intramedullary tuberculoma.

•	 In cases with early diagnosis of spinal 
intramedullary tuberculoma, immediate 
medical treatment with anti-TB treatment 
is sufficient, and complete resolution of 
lesions is seen.

•	 We advocate that patients presenting with 
progressive neurological deterioration 
should go through early decompression 
even with adequate anti-TB chemotherapy, 
since the spinal intramedullary location 
and broadening of the cord with demyelin-
ation as well as spinal tract damage can 
aggravate the poor neurological outcome.

•	 A well-designed prospective study is in 
need of time to explain the surgical and 
medical treatment role for the management 
of tuberculoma.

•	 Brief conceptualization of the diagnosis 
and management of spinal intramedullary 
tuberculoma is tried by us for decision-
making (Table 18.4).
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19.1	 �Introduction

Tuberculosis (TB) is an infectious disease caused 
by Mycobacterium tuberculosis, and it usually 
affects the respiratory system. However, any 
organ system can be affected by the disease, espe-
cially in patients with predisposing conditions 
such as diabetes, hepatic cirrhosis, corticosteroid 
treatment, alcoholism, and intravenous drug abuse 
and in immunocompromised patients [1–5]. 
Historically, spinal TB was first determined by 
Percivall Pott in 1779, and thus, the disease was 
called as “Pott’s disease” at present [6].

The hematogenous extension of disease is usu-
ally from the lung or other extraosseous regions 
such as the lymph nodes, gastrointestinal tract, and 
other viscera. Spinal TB is the most common form 
of extrapulmonary TB, occurring as osteoarticular 
TB in 65% of the cases [7]. The most common sites 
of involvement for the entity are the spinal region, 
pelvis, hip, and knee. Anatomically, the spine is 
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likely to be involved by M. tuberculosis because 
the agent can easily grow in blood-rich tissues and 
the spinal region is characterized by slow venous 
blood and the presence of cancellous bone and ter-
minal arteries being its nutrient artery at this site [8, 
9]. TB is seen in any age, though adults of middle 
age are the most frequently affected group. Men 
are affected slightly more frequently than women. 
Unfortunately, severe morbidity and neurologic 
sequelae may develop due to osteoarticular disease 
in patients with TB [7, 10–12].

19.2	 �Imaging Findings

Spinal TB occurs mainly at the upper lumbar and 
lower thoracic vertebrae, comprising 48–67% of 
the lesions, by hematogenous dissemination via the 
venous plexus of Batson. Notably, the cervical and 
sacral involvement is rare [13, 14]. The disease is 
usually seen in more than one vertebra, and it usu-
ally starts at the anteroinferior region of the verte-
bral body. The spread of the infection can occur 
beneath the anterior longitudinal ligament involv-
ing the adjacent vertebral bodies or penetration of 
the subchondral bone plate. Rarely, posterior ele-
ments of the spine may be involved too. On the 
other hand, the narrowing and collapse of interver-
tebral disk (IVD) space occur secondarily [11].

The lack of proteolytic enzymes in M. tuberculo-
sis has been proposed as the cause of relative preser-
vation of the IVD space compared to pyogenic 
infections [15–17]. The involved vertebral end plates 
are demineralized and resorbed, which results in the 
loss of definition of its dense margins on conven-
tional radiographs. After these end plate changes, the 
spread of the infection to adjacent IVD and other 
spinal segments becomes easier. Then, the disease 
involves the paraspinal tissues which may result in 
the occurrence of paravertebral abscess known as a 
Pott’s abscess. On conventional radiographs, it man-
ifests as lateral bowing of the psoas shadow. 
Sometimes, the groin and thigh may be affected by 
psoas abscess. If spinal TB progresses, collapse of 
partially destructed vertebral bodies and anterior 
wedging may occur, leading to severe deformities as 
kyphosis or Gibbus deformity and scoliosis. If spinal 
TB heals, on the other hand, ankylosis of the 
vertebral bodies and obliteration of the intervening 
IVD space may be seen [14, 18–22].

19.2.1	 �Conventional Radiography

Conventional radiography is usually the first imag-
ing method of choice in patients with spinal 
TB.  The relevant findings are lytic lucencies in 
anterior portion of the vertebrae, narrowing of the 
IVD space, end plate erosions, sclerosis secondary 
to chronic infection, compression fracture, verte-
bral body collapse, kyphosis, and Gibbus. If bone 
mineral loss exceeds 30%, a radiolucent lesion is 
detected on conventional radiography. The earliest 
radiological feature is narrowing of the IVD space. 
Then, anterior wedging or collapse occurs, result-
ing in kyphosis of varying degree and thickening 
of the prevertebral soft tissue (Fig. 19.1). The 
tuberculous granulation tissue and necrotic mate-
rial are fused which results in paravertebral abscess 
formation. TB abscesses may be accompanied by 
concave erosions around the anterior margins of 

Fig. 19.1  Lateral x-ray of the cervical spine of a patient 
with spinal tuberculosis (TB) showing thickening of the 
prevertebral soft tissue (Courtesy of M. Benzagmout)
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the vertebral bodies, and this appearance is called 
as the aneurysmal phenomenon [23].

19.2.2	 �Computed Tomography

The bone destruction may be determined by using 
computed tomography (CT) at the beginning. CT 
depicts irregular lytic bone lesions, sclerosis, col-
lapse of IVD, and disruption of bone circumference 
much better than conventional radiography (Fig. 
19.2). In particular, CT is superior to conventional 
radiography in depicting lesions with a diameter of 
less than 1.5 cm. The pattern of bone destruction can 
be seen well on CT. The patterns of bone destruction 

are fragmentary (47%), osteolytic (33%), subperios-
teal (10%), or localized and sclerotic (10%) [24, 25]. 
The presence and extent of epidural compression 
can be determined by CT; the technique is especially 
helpful for detecting bone fragments within the spi-
nal space in patients with neurological deficit. In 
addition, CT is quite helpful for defining the shape 
of paraspinal muscle abscesses (Fig. 19.3). On CT, 
the granulation tissue is seen as a high-attenuation 
lesion, whereas an abscess or caseous tissue is 
depicted with low attenuation. Bone expansion due 
to destruction and paravertebral abscess with hetero-
topic bone or calcification is accepted to be a sign of 
a TB lesion (Fig. 19.4). CT can also be used to guide 
percutaneous interventions (Fig. 19.5) [11, 24–28].

a b

Fig. 19.2  A 67-year-old man. Axial (a) and coronal (b) CT images demonstrate lytic bone destructions of the vertebral 
body (arrow) with an adjoining soft tissue abscess

Fig. 19.3  Axial abdominal CT image demonstrates 
hypodense right TB psoas abscess with peripheral rim 
enhancement (arrow)

Fig. 19.4  Calcified psoas abscess. Axial noncontrast CT 
image demonstrates left TB psoas abscess with peripheral 
calcification (arrow)
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19.2.3	 �Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is the gold 
standard of imaging in spinal TB due to its supe-
rior soft tissue resolution and multiplanar capa-
bility. MRI is more accurate in determining the 
epidural and neural extension of the disease in 
cases with skip lesions [14, 29–32]. MRI 
sequences used in the evaluation of spinal TB are 
noncontrast T1-weighted, T2-weighted, short tau 
inversion recovery (STIR) sequences and 
contrast-enhanced T1-weighted sequences with 
gadolinium contrast agent in axial, sagittal, and 
coronal planes. STIR sequences are helpful for 
making a distinction between fluid and fatty com-
ponent in noncontrast sequences [33–38].

The affected vertebral bodies are hypointense 
on T1-weighted images and hyperintense on 
T2-weighted images and STIR images, and 
signal of IVD space is normal [39, 40] (Fig. 
19.6). Then, IVD space is affected (Fig. 19.7). 
Usually, the disease extends to the ligaments and 
soft tissues from vertebral bodies and IVD space, 
and this extension frequently occurs anterolater-
ally. The involvement of posterior peridural 
region is rare [25, 26]. The cortical destruction 
and posterior element involvement can be best 
demonstrated by axial MRI [41]. Khalequzzaman 
et al. [41] reported that posterior element involve-
ment was found in 55% which is slightly higher 
than other reported series. The presence of poste-
rior element involvement is important, because 

this might cause neurological symptoms and 
necessitate laminectomy for the treatment. In 
addition, there is a tendency toward pedicular and 
laminar involvement in patients with spinal TB, 
whereas pyogenic spondylitis has a predilection 
for the facet joint. Posterior element involvement 
is usually seen as an extension of the vertebral 
body disease, but isolated involvement of poste-
rior element in patients with spinal TB is rare, 
with an incidence ranging from 0.8% to 10% 
[42]. Unfortunately, posterior element abnormal-
ities without vertebral body involvement poses as 
a challenge for the differentiation of an infection 
from a tumor [20, 42–45].

Paravertebral abscesses are hypointense on 
T1-weighted images and hyperintense on 
T2-weighted images (Fig. 19.8). Enhanced coro-
nal images are helpful for delineating these 
abscesses as well as their communications [46]. 
The important MRI findings of spinal TB are rim 
enhancement around intraosseous and 
paravertebral abscess [17, 47] (Figs. 19.9 and 
19.10). The enhancement of the abscess wall 
related to TB is thin and smooth, and paraspinal 
abnormal signal is well defined. On the contrary, 
thick and irregular enhancement of abscess wall 
and ill-defined paraspinal abnormal signal are 
seen in spinal pyogenic infections [48, 49]. In 
addition, the size of the paraspinal abscess related 
to TB has generally been reported to be bigger 
than pyogenic abscess. The use of intravenous 
contrast medium is essential in the differentiation 
of spinal TB and pyogenic infections [50] 
(Figs. 19.11 and 19.12). Turgut [51] reported that 
most of the patients with Pott’s disease in Turkey 
have large abscesses, neurologic involvement, 
and multisegmental involvement when admitted.

Intracranial tuberculomas are often detected in 
brain MRI studies. Rarely, intradural extramedul-
lary and intramedullary tuberculomas can be seen 
on spinal MRI. The MRI findings of spinal tuber-
culoma are variable depending on different phases 
of tuberculoma. In early phase, the tuberculoma 
has equal signal intensity on T1-weighted images 
and T2-weighted images and enhances after con-
trast material administration. The reason for this 
signal is severe infective reactions, poor formation 
of the gel capsule, and severe edema. In time, the 

Fig. 19.5  Axial CT image shows left psoas abscess 
(arrow). CT may be used to guide percutaneous 
interventions
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a

c

b

Fig. 19.6  A 55-year-old woman. (a) Sagittal T1-weighted 
MRI shows heterogeneously hypointense signal (arrow) 
in T9–T10 vertebral bodies. (b) Sagittal fat-suppressed 

contrast-enhanced T1-weighted MRI shows heteroge-
neous enhancement (arrow) of T9–T10 vertebral bodies. 
(c) Coronal CT image shows bone destruction
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b

Fig. 19.7  A 75-year-old woman. (a) Sagittal T1-weighted 
MRI shows heterogeneously hypointense signal (arrow) 
in T1–T2 vertebral bodies with epidural mass. (b) T1 and 
T2 vertebral bodies are heterogeneously hyperintense 

(arrow) on sagittal turbo spin-echo T2-weighted MRI. (c) 
Sagittal fat-suppressed contrast-enhanced T1-weighted 
MRI shows heterogeneous enhancement (arrow) of  
T1–T2 vertebral bodies and the intervertebral disk space
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gel content of tuberculoma increases, and the 
peripheral edema is decreased. At this phase, it has 
an isointense appearance on T1-weighted images, 
whereas it is isointense or hypointense on 
T2-weighted images. The rim enhancement and 
hypointense signal in the central region are seen 
after intravenous contrast material. “Target sign” 
due to the development of caseation is a character-
istic finding on T2-weighted images. It is charac-
terized by a low signal target due to the caseous 
material and high signal rim due to the peripheral 
infective granulation tissues. The external low sig-
nal rim is composed of collagen fibers produced 
by fibroblasts. The “target sign” is an important 
finding which enables the differentiation of spinal 
tuberculoma from other intramedullary lesions. 
Compared with tumors, spinal tuberculoma has a 
sharper margin, and hypointense signal on 
T2-weighted image signals and rim enhancement 
can also be seen [52, 53] (Fig. 19.13).

Another radiologic finding in spinal TB is 
arachnoiditis. Also, the congestive meninges, 
edematous spinal cord and nerve roots, and 
peripheral exudate can be seen. Usually, the 
dorsal spinal region is involved. The spinal cord 
is hyperintense on T2-weighted images (Fig. 

19.14); rarely, cavitation in the spinal cord can 
occur. The contrast enhancement of the meninges 
and nerve roots, or spinal cord, clumping of 
cauda equina roots, and loculation of cerebrospi-
nal fluid are detected (Fig. 19.15). Clinically, 
paraplegia, quadriplegia, pain, and radicular 
symptoms may be seen in these patients due to 
involved segments. The patients usually heal 
without any sequela in case early diagnosis and 
proper medical treatment are provided. 
Sometimes, myelomalacia, moderate to severe 
cord atrophy, and syringohydromyelia are seen in 
untreated patients [54, 55]. Recently, diffusion-
weighted (DW) MRI and apparent diffusion 
coefficient (ADC) values are used for the evalua-
tion of the spinal TB and to differentiate TBs 
from metastatic lesions. The information about 
tissue composition as well as the physical proper-
ties and the microstructure of the tissues can be 
derived from DW-MRI. ADC values are a mea-
sure of the diffusion ability of molecules. High 
ADC values imply increased diffusion of mole-
cules, and it shows less compact tissue 
microstructure. Sometimes, ADC values in 
patients with spinal TB may be similar to meta-
static disease. Hence, DW-MRI and ADC values 

a b

Fig. 19.8  On T2-weighted contrast-enhanced MRI, sagittal (a) and parasagittal (b) images show craniovertebral junc-
tion TB with a large prevertebral abscess (Courtesy of S. Behari)
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must be evaluated in association with clinical his-
tory and conventional MRI findings [56, 57].

19.2.4	 �Magnetic Resonance 
Spectroscopy

Magnetic resonance spectroscopy (MRS) reveals 
information about the nature and concentration 
of biochemical metabolites within tissues [58]. 
MRS is a useful adjunct to routine conventional 
MRI. However, it is difficult to perform MRS on 
smaller lesions as partial volume averaging will 
contaminate the spectra. The MRS findings of 
many disorders are similar. There is increased 
choline levels in most neoplastic lesions, tuber-

culosis, fungal infections, and inflammatory dis-
orders (demyelination). Choline is a cell 
membrane marker; its elevation indicates high 
cellularity or cell destruction. Lipid/lactate peak 
is consistently seen with necrotic tumors, lym-
phomas, and tuberculomas [58–64].

The MRS findings of tuberculomas are 
increased peak of lipids, more choline, and less 
N-acetylaspartate and creatine. In addition, the 
choline/creatine ratio is also greater than 1 in all 
tuberculomas [65, 66]. Gupta et  al. [63] have 
demonstrated that high choline level along with 
the presence of lipid/lactate is a nonspecific 
finding and may not be useful in the differentia-
tion of tumors from infective/inflammatory intra-
cranial lesions. Therefore, MRS findings should 

a b

Fig. 19.9  A 80-year-old woman. (a) Sagittal STIR MRI 
shows loss of vertebral body height and increased signal 
intensity at T4 (arrow) and kyphosis at upper thoracal 

region (b) Axial T2-weighted MRI of the upper thoracal 
spine shows bilateral paraspinal abscesses (arrow) with 
involvement of T4
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Fig. 19.10  A 24-year-old woman. (a) Sagittal T1-weighted 
MRI shows heterogeneously hypointense signal (arrow) in 
T3–T4 vertebral bodies with epidural mass. (b) T3 and T4 
vertebral bodies are heterogeneously hyperintense (arrow) 
on sagittal turbo spin-echo T2-weighted image. (c) Axial 
T2 -weighted MRI shows heterogeneous hyperintense sig-
nal in T1–T2 vertebral bodies and left pedicle. In addition, 
there is infiltration of left paraspinal and spinal canal region 
with abscess formation and displacement of the spinal cord. 

(d) Sagittal fat-suppressed contrast-enhanced T1-weighted 
MRI shows contrast enhancement (arrow) in vertebral bod-
ies and spinal canal. (e) Axial fat-suppressed contrast-
enhanced T1-weighted MRI shows contrast enhancement 
(arrow) in vertebral bodies and spinal canal. (f) Coronal 
fat-suppressed contrast-enhanced T1-weighted MRI shows 
enhanced paravertebral abscesses (arrow) between T3 and 
T5 vertebral bodies. A TB lesion is seen at the right lung
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c

Fig. 19.11  A 47-year-old woman. (a) Sagittal 
T2-weighted MRI shows heterogeneously hypointense 
signal (arrow) in T8–T9 vertebral bodies with epidural 
mass. (b) Coronal fat-suppressed contrast-enhanced 
T1-weighted MRI shows bilateral paraspinal abscesses 

(arrow) between T8 and T10 vertebral bodies. (c) Axial 
fat-suppressed contrast-enhanced T1-weighted MRI 
shows contrast enhancement (arrow) in vertebral bodies 
and spinal canal
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Fig. 19.12  A 67-year-old man. Axial T2-weighted MRI 
(a) shows hyperintense left psoas abscess. Axial (b) fat-
suppressed contrast-enhanced T1-weighted MRI demon-
strates peripheral enhancement of left psoas abscess. 

Sagittal (c) fat-suppressed contrast-enhanced T1-weighted 
MRI demonstrates involvement of T12, L1, and L2 verte-
bral bodies (arrow)
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Fig. 19.13  A 36-year-old woman. Sagittal T2-weighted 
MRI (a) and axial T2-weighted MRI (b) show hyperin-
tense spinal cord (arrows). Axial (c) and sagittal (d) fat-

suppressed contrast-enhanced T1-weighted MRIs 
demonstrate an enhanced lesion (tuberculoma) and dis-
placement of the spinal cord at T1–T2 level (arrows)
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be evaluated with the data derived conventional 
MRI as well as the patient history; if there is a 
suspicion, biopsy must be performed.

19.3	 �Differential Diagnosis

The differential diagnosis for spinal TB involves 
metastatic disease and low-grade pyogenic infec-
tion like brucellosis, fungal infection, and sar-
coidosis. In the early stage of infection, radiologic 
findings are nonspecific. However, some clinical 
and radiologic features may aid in the diagnosis 
of spinal TB [67].

Posterior vertebral elements are often abnor-
mal in metastatic disease, whereas they are rarely 

involved in spinal TB.  The anterior scalloping 
due to subligamentous spread of infection may be 
seen with paravertebral lymphadenopathy, sec-
ondary to metastases and lymphoma. Anterior 
scalloping of the vertebral bodies due to psoas 
abscess is similar to that seen with lymphoma or 
abdominal aortic aneurysm. The calcification 
within the abscess is important in the diagnosis of 
spinal TB [11, 14].

Unfortunately, the differentiation between 
spinal TB and pyogenic infection based on clini-
cal and imaging findings is often difficult. The 
slow course of the disease, normal erythrocyte 
sedimentation rate, and pulmonary findings and 
symptoms are related to spinal TB infection. 
Especially, involvement of one or more segments, 

a b

Fig. 19.14  A 23-year-old man. (a) Sagittal fat-suppressed 
contrast-enhanced T1-weighted MRI shows leptomenin-
geal contrast enhancement (arrow) at the lumbar spine. 

(b) Sagittal T2-weighted MRI shows hyperintense signal 
and expansion of the cervical spinal cord due to edema 
(arrow)
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delay in destruction of the IVD space, large calci-
fied paravertebral mass, and absence of sclerosis 
are more specific for spinal TB. At the beginning, 
the IVD space is not destroyed in spinal TB; 
therefore, the signal of the IVD space is normal 
on T2-weighted images. On the contrary, the 
increased signal at the IVD space on T2W images 
is detected in spinal pyogenic infections. 
Radiologically, the enhancement of the abscess 
wall related to TB is thin and smooth, and para-
spinal abnormal signal is well defined, whereas 
thick and irregular enhancement of abscess wall 

and ill-defined paraspinal abnormal signal are 
seen in spinal pyogenic infections. Additionally, 
the size of the paraspinal abscess related to TB 
has generally been reported to be larger than 
pyogenic abscess. Importantly, the use of intrave-
nous contrast medium for MRIs is essential in the 
differentiation of spinal TB and pyogenic 
infections [48–50, 68].

Spinal brucellosis often affects the lower lum-
bar region without causing kyphosis. Usually, the 
radiologic findings of spinal brucellosis are gas 
in the IVD space and small paraspinal abscess 

a b

Fig. 19.15  A 63-year-old woman. Sagittal fat-suppressed contrast-enhanced T1-weighted MRI shows leptomeningeal 
contrast enhancement (arrows) around cord at the whole cervical (a) and thoracal (b) spine
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[25]. Sarcoidosis is similar to spinal TB, with 
multiple focal lesions of the vertebrae and IVD 
spaces and the formation of paravertebral 
abscesses. Medullary involvement of sarcoidosis 
is rarely seen. The lesions tend to regress with the 
utilization of corticosteroid. Correlation with 
laboratory tests and imaging findings is crucial 
for making a distinction from TB [69–72].

�Conclusion

TB usually affects the respiratory system. 
However, it can affect any organ system, espe-
cially in patients with predisposing conditions 
as diabetes, hepatic cirrhosis, corticosteroid 
treatment, alcoholism, intravenous drug abuse, 
and immunocompromised patients. Severe 
morbidity and neurologic sequelae may develop 
in untreated patients. Spinal TB has a variety of 
radiologic findings which may be similar to 
other diseases such as brucellosis, metastasis, 
lymphoma, sarcoidosis, and pyogenic infec-
tions. The positive culture or histologic analysis 
of biopsy specimens is still required in diagno-
sis of spinal TB. Conventional radiography, CT, 
and MRI clearly demonstrate the extensions of 
spinal TB. CT is useful for the evaluation of the 
type and extent of bone destruction. MRI is the 
gold standard imaging tool in spinal TB due to 
its superior soft tissue resolution and multipla-
nar capability and the lack of ionizing radiation. 
MRI is especially superior to CT in the evalua-
tion of the epidural and foraminal extension of 
the disease and involvement of the spinal cord 
and the nerve root in the asymptomatic patients. 
MRI shows findings of spinal TB earlier than 
conventional methods, and this provides earlier 
detection and treatment. In addition, the 
response to treatment and regression of the dis-
ease may be followed with serial MRI.
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20.1	 �Introduction

Spinal tuberculosis (TB) is one of the most chal-
lenging diseases for surgeons to treat. Spinal TB 
is a serious type of skeletal TB, as it can be asso-
ciated with very harmful complications such as 
neurologic deficit and spinal deformity due to 
spinal collapse. Hence, early detection and proper 
management of this disease are important in pre-
venting its grave complications.

Although chemotherapy is the mainstay treat-
ment, surgery has its significant role with definite 
indications. A variety of surgical procedures/
techniques is in use today for treatment of spinal 
TB and its associated complications with a suc-
cessful outcome. A brief account of commonly 
applied procedures with radiograph figures is 
presented in this chapter. Just like other surgical 
areas today, minimal invasive surgery (MIS) 
techniques using endoscopy and modern instru-
mentation are also frequently applied in spinal 
TB surgery. Some currently reported MIS tech-
niques and their indications are also mentioned in 
this chapter.

20.2	 �History of Spinal 
Tuberculosis Treatment

TB has been prevalent in the human population 
since antiquity. Its treatment has been varied over 
the time. The management protocol for musculo-
skeletal TB has evolved through different phases 
[1]. In the pre-anti-TB period, patients were 
treated by orthodox nonoperative methods and 
few early surgical procedures. The orthodox 
treatment was entirely constitutional and based 
mainly on recumbence and immobilization in the 
form of body casts, plaster beds, and several 
types of braces. The main objective of these treat-
ment modalities before the availability of chemo-
therapy was to limit the spread of the disease and 
to prevent the development of spinal deformity, 
but the results were highly unsatisfactory [2, 3]. 
Few early surgical procedures developed for this 
disease included a simple aspiration or drainage 
of the abscesses and removing the lesion through 
the limited posterior route [4, 5]. In 1895, Menard 

used an anterolateral extrapleural approach to 
decompress TB abscess around the spinal cord 
with gratifying results [6]. In 1911, Hibbs and 
Albee introduced posterior spinal fusion with 
bone grafting [7, 8]. In 1937, McKee and Seddon 
proved that posterior bone grafting alone was not 
beneficial and was even damaging in the pres-
ence of active TB [9, 10]. Though anterior radical 
debridement and non-instrumented fusion were 
initially reported by Ito and Asami in 1934 [2], 
however, Hodgson and Stock are being accred-
ited for their extensive work and publishing the 
detailed technique of this procedure [11].

The standard treatment practiced during 
1950–1960 was universal excisional surgery 
combined with anti-TB drugs [12–15]. 
Simultaneously, all the same, many reports 
showed excellent results by anti-TB drugs alone 
and limiting surgery to those patients who failed 
to respond to drugs or those with complications. 
With the development of the so-called middle 
path regime, the indications of surgery became 
more selective and mainly aimed for prevention 
and correction of spinal deformity and neural 
complications [16, 17].

To resolve the debate over various treatment 
options, the Medical Research Council (MRC) 
working party on TB of the spine conducted the 
prospective multicenter clinical trials in Hong 
Kong, Korea, Rhodesia, and South Africa [19]. 
Various combinations of conservative treatment 
were compared to debridement, and debride-
ment was compared to radical debridement 
with strut grafting. In the earlier reviews, com-
parable results were reported with the different 
treatment protocols used. The ambulatory treat-
ment was in general as effective as inpatient 
bed confinement treatment. The results of 
ambulatory chemotherapy were comparable to 
the debridement surgery group. Similarly, no 
significant difference was found between 
debridement alone and radical surgery group in 
early reports. However, when these data were 
examined in greater details, it was evident that 
the radical surgery group treated in Hong Kong 
did have a distinct advantage over the other two 
groups. The symptoms of the disease were 
resolved earlier, and there was no neurological 
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involvement during treatment in this group. A 
comparatively higher rate of bone fusion and 
improvement of the deformity were seen at 
5  years and were maintained till the final 
15  years follow-up [19, 20]. Nevertheless, in 
succeeding years it became evident that even 
anterior radical surgery with bone grafting 
alone without instrumentation was not often 
successful in achieving reasonable correction 
and in preventing progression of deformity. 
Therefore, instrumented correction was recom-
mended to bring the best possible outcomes for 
surgery [21].

Major advances in spinal surgery have been 
accomplished in recent years. With the applica-
tion of the modern segmental instrumentation 
system, newer interventional radiological tech-
niques, and percutaneous methods of debride-
ment and internal fixation, a variety of surgical 
procedures are done today for spinal TB manage-
ment with excellent outcomes. These procedures 
include several combinations of MIS techniques, 
open limited and radical debridement, different 
bone grafting methods, and stabilization with 
specialized spinal instruments [22–25].

20.3	 �Classification System

Presently, there are only few classification sys-
tems based on objective data that can steer the 
choice of the proper treatment approach for 
patients with spinal TB.

Kumar [26] proposed a 4-point classification 
system for posterior spinal TB based on location 
and stages of the disease. The main limitation to 
this classification scheme was its description of 
posterior disease alone and not including the rel-
atively common anterior spinal lesions.

The classification system of Mehta and 
Bhojraj [27] uses MRI findings and classifies the 
spinal TB patients into four groups according to 
the employed surgical technique:

	1.	 Group A consisted of patients with stable 
anterior lesions and no kyphotic deformity, 
which were managed with anterior debride-
ment and strut grafting.

	2.	 Group B consisted of patients with global 
lesions, kyphosis, and instability and these 
patients were managed with posterior instru-
mentation using a closed-loop rectangle with 
sublaminar wires plus anterior strut grafting.

	3.	 Group C patients had anterior or global lesions 
along with a high operative risk for transtho-
racic surgery due to medical comorbidities and 
possible anesthetic complications. Therefore, 
these patients underwent posterior decompres-
sion with the anterior aspect of the cord being 
approached through a transpedicular route and 
posterior instrumentation performed using a 
closed-loop rectangle held by sublaminar wires.

	4.	 Group D patients had isolated posterior lesions 
that needed only a posterior decompression.

This classification addresses only the tho-
racic lesions and that is its most important 
limitation. To overcome these limitations, 
Oguz et  al. presented [28] GATA (Gulhane 
Askeri Tıp Akademisi) classification based on 
seven clinical and radiological criteria includ-
ing abscess formation, disc degeneration, ver-
tebral collapse, kyphosis, sagittal index, 
instability, and neurological problems 
(Table 20.1). They also recommended specific 
techniques for each type [29]. Even though it 
is a more practical classification system, it is 
not widely accepted because it holds no spe-
cial consideration for posterior lesions and its 
type-specific treatment recommendations are 
not universally agreed upon [5, 30].

Table 20.1  GATA classification system

Type Lesion

Type 
IA

The lesion is limited to the vertebra, one level 
disc degeneration, no collapse, no abscess, no 
neurologic deficit

Type 
IB

Abscess formation; one- or two-level disc 
degeneration, no collapse, no neurologic 
deficit

Type II Collapse of vertebrae; abscess formation; 
kyphosis (correctable with anterior surgery); 
stable deformity with or without neurologic 
deficit; sagittal index is less than 20°

Type 
III

A more severe vertebral collapse; abscess 
formation; severe kyphosis; instable 
deformity with or without neurologic deficit; 
sagittal index is more than 20°
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20.4	 �Indications for Surgery

Chemotherapy is the mainstay treatment for all 
types of TB [31]. Surgery plays a significant role 
in the management of spinal TB. Properly indi-
cated and timely done surgical procedures are the 
cornerstone in the prevention of neurological 
complications, maintenance of stability, and 
early recuperation [18, 28].

Main indications for surgery are [19, 32–35]:

	1.	 Progression of neurologic deficit
	2.	 Progression of spinal deformity (either coro-

nal or sagittal)
	3.	 Failure of conservative treatment (indicated 

by progressive increase in neurologic deficit 
and/or spinal deformity or severe pain due to 
spinal abscess or instability)

	4.	 For diagnostic purpose

20.4.1	 �Neurologic Deficit

These include a newly onset or worsening neural 
complications in patients receiving anti-TB 
chemotherapy, paraplegia of rapid onset, painful 
paraplegia in elderly, neural arch disease, and 
spinal tumor syndrome (epidural spinal tubercu-
loma without osseous involvement).

20.4.2	 �Spinal Instability or Deformity

When the anterior column of the spine is destroyed 
by the infectious focus, severe kyphosis may 
develop due to progressive anterior collapse. 
Besides obvious deformity, severe kyphosis may 
cause late-onset paraplegia and cardiopulmonary 
compromise. Timely done operative procedures 
would prevent a serious deformity. Patients at risk 
of developing severe kyphotic deformity should be 
identified early. The following guidelines help clini-
cians to identify the patients at risk [22, 34, 36, 37]:

	1.	 Younger patients (less than 11 years of age)
	2.	 Location of lesion between seventh cervical to 

first lumbar vertebrae

	3.	 Multiple vertebral bodies’ destruction (three 
or more)

	4.	 If vertical height of the spinal column is 
lost equal to or more than 1.5 vertebral 
bodies

	5.	 If progression of the kyphotic deformity is 
seen in serial X-rays

There is rapid progression in kyphosis with 
acute and severe curves. The intact posterior 
arch of the spinal column acts like a tension 
band and prevents “buckling collapse of the 
spine. Surgical treatment is generally indicated 
in 50° or more severe kyphosis as it is associ-
ated with the most morbidity. As compared to 
the lumbar spine, more kyphosis can be 
accepted in the thoracic spine. Even a simple 
loss of lumbar lordosis is not easily tolerated. 
Involvement of junctional (cervicothoracic, 
dorsolumbar, and lumbosacral) areas of the 
spine leads to severe discomfort and instability; 
hence, surgery is frequently indicated in these 
lesions [38–41].

For children especially younger than 11 years, 
growth may be a cause of further deterioration, 
and it can lead to progress in kyphotic angles 
despite healing of infection. Children at risk of 
developing severe deformity can readily be iden-
tified by few plain radiographic signs proposed 
by Rajasekaran [42]. As shown in Fig. 20.1, these 
signs include:

	(a)	 Facet joints separation
	(b)	 Retropulsion
	(c)	 Lateral translation
	(d)	 Toppling

The main pathology is the dislocation of the 
facet joint that leads to spinal instability and pro-
duces this characteristic radiographic appear-
ance. One score is attributed to each sign. A score 
of three or more predicts an increase in the 
kyphosis by more than 30° and a final deformity 
of more than 60°. These signs can be detected 
very early in the course of the disease, and early 
surgical intervention can halt the progression of 
the deformity [39, 42].
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20.4.3	 �Failure of Conservative 
Management

Surgery is indicated by the failure of conservative 
treatment, which may manifest as an increase in 
the intensity of pain or progressive neurologic 
deficit after at least 3–4 weeks course of chemo-
therapy. The possible causes of pain in spinal TB 
are a persistent infection, a large abscess, spinal 
instability and deformity due to progressive 
destruction of vertebral structures, and nerve root 
compression. Though most of the spinal TB 
abscesses can be managed adequately by 
CT-guided drainage, anterior cervical and some 
thoracic abscesses may prove to be excessively 
difficult to aspirate and may need surgical 
drainage [43].

20.4.4	 �Uncertain Diagnosis

In some difficult cases of spinal TB, open 
biopsy may be needed to establish the diagno-
sis. The specimen is subjected to acid-fast 
bacilli staining, culture studies, polymerase 
chain reaction (PCR), and histopathology. 
Histopathology may be the sole evidence of 
disease in certain cases [44].

20.5	 �Surgical Approaches

The spine can be approached from anterior, pos-
terior, or anterolateral or posterolateral sides. 
Choice of an approach is dictated and decided by 
various factors including the availability of 
appropriate facilities, site, development and 
extent of infection, the plan of action, and the 
experience and individual choice of the surgeon.

The main goals of surgery in spinal TB are 
proper decompression and debridement of the 
lesion, maintenance and reinforcement of stability 
to prevent deformity, and correction of existing 
deformity. Since the anterior spinal column includ-
ing the vertebral bodies and disk spaces is the pre-
dominant site of spinal TB, the anterior approach 
has been favored throughout the spine to achieve 
these goals. It allows direct access to the infected 
focus and is convenient for debridement and recon-
struction of the defect [45–48]. There is universal 
agreement on an anterior approach to the cervical 
spine, and all modalities of surgery such as abscess 
drainage, corpectomy, and internal fixation can be 
performed via the anterior approach alone. 
Additional posterior stabilization is required only 
in patients with extensive bone destruction [49]. 
The selection of anterior versus posterior or com-
bined anterior and posterior approach for thoraco-

a b c d

Fig. 20.1  “Spine at risk” radiological signs. (a) Separation of the facet joint, (b) retropulsion, (c) lateral translation, and 
(d) toppling
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lumbar TB is still a matter of debate. Conventional 
surgical approaches to the ventral aspect of the dor-
sal spine include thoracotomy with extrapleural or 
transpleural access, lateral extracavitary and costo-
transversectomy approaches, and retroperitoneal 
approaches for the lumbar spine [50–53]. Recent 
data, however, associates the best outcomes with 
the posterior or combined surgical approaches [54, 
55]. A combined anterior and posterior approach 
helps to overcome stability-related drawbacks of 
anterior approach alone [56–60]. However, it 
entails two surgeries (single event or staged) with 
additional morbidity [33, 61, 62].

20.5.1	 �Anterior Transthoracic 
Approach to the Dorsal Spine

The anterior approach remains the reference 
standard. It is the most suitable approach for 
most cases of spinal TB and serves to achieve 
everything that is desired in the radical treatment 
of the disease. It allows direct debridement of the 
prevertebral and intraspinal focus of infection. 
With this approach, skip lesions, double lesions, 
and extensive lesions involving a number of ver-
tebrae can be managed at the same sitting. This is 
a good approach for anterior decompression of 
the cord, for the correction of mild to moderate 
kyphotic deformity and as an initial step in the 
serial correction of severe kyphotic deformity 
[63–65]. However, it is through major body cavi-
ties and is associated with increase morbidity. It 
needs a team of well-trained surgeons and opera-
tion room staff, a well-equipped operation the-
ater, and intensive care facilities.

20.5.2	 �Anterolateral Approach/
Extrapleural Approach

Anterolateral approach for a dorsal or dorsolum-
bar lesion is an extension of costotransversec-
tomy. It is a simpler and safe technique. It is a 
time-tested approach that is suitable for most of 
the lesions of anterior complex [4, 66]. The 
access to spinal lesion is adequate, excision of the 

disease is near complete, full decompression of 
the cord is possible, and subsequent fusion is sat-
isfactory. There are no risks of anterior spinal 
surgery and problem of opening and closure of 
the chest. Not only it allows anterior debridement 
and fusion, posterior aspect of the spine can also 
be approached by turning the patient prone, and 
even posterior instrumentation can be done 
simultaneously through this single approach 
alone [47].

20.5.3	 �Posterior Approach/
Transpedicular Approach

Conventionally, the posterior approach was 
applied for the cases with destruction of posterior 
structures of the spine accompanied by an epi-
dural abscess or the involvement of neural arch, 
causing posterior spinal cord compression. 
Recently, posterior approach has gained popular-
ity with the application of MIS techniques to the 
spine. It provides opportunity for transforaminal 
debridement, interbody bone graft fusion, and 
posterior instrumentation all from one approach 
in one stage [67–69]. It delivers the advantages of 
minimal surgical invasion and little hazard of 
focal neurological injury due to easy access to the 
spinal canal. It, therefore, obviates the need for 
anterior exposure and its associated complica-
tions [70, 71].

20.6	 �Surgical Techniques/
Procedures

Diverse surgical techniques for treatment of spi-
nal TB and their associated complications are 
described. These range from simple aspiration of 
an abscess to radical debridement and fusion with 
variable combinations of instrumentation and 
minimal invasive techniques using endoscopy and 
modern instrumentation [70]. The main aim of 
surgery in spinal TB is adequate decompression/
debridement of lesion, to correct the deformity 
and to stabilize the spine to halt the progress of 
deformity. These aims are achieved by different 
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combinations of undermentioned procedures 
along with proper chemotherapy [49]:

•	 Debridement/decompression of lesion
•	 Bone grafting
•	 Anterior fusion
•	 Posterior fusion
•	 Combined anterior and posterior fusion
•	 Spinal osteotomies
•	 Spinal shortening
•	 Anterior instrumentation
•	 Posterior instrumentation
•	 Combined anterior and posterior 

instrumentation

Commonly described methods to achieve 
these aims are briefly described here.

20.6.1	 �Abscess Drainage

Most of the small- and medium-size cold 
abscesses resolve spontaneously with anti-TB 
chemotherapy. Drainage is not recommended as a 
routine practice [22]. Evacuation of abscesses did 
not alter patients’ general condition and may 
result in persistent discharge from abscess cavity. 
However, some large abscesses in cervical area 
(e.g., retropharyngeal abscess) and some thoracic 
abscesses may be painful and need urgent surgical 
drainage. Iliopsoas abscesses can be drained by 
CT-guided percutaneous drainage [43, 72, 73].

20.6.2	 �Debridement/Surgical 
Decompression

Debridement of spinal focus involves surgical 
removal of whole pus, sloughs, caseous material, 
and sequestra without removal of the unaffected 
and healthy bone. It provides adequate access to 
the infectious focus to decompress the cord [74]. 
Isolated anterior decompression without bone 
grafting and instrumentation traditionally had a 
poor outcome in comparison to radical debride-
ment and bone grafting. Posterior laminectomy 
for debridement of anterior body lesion was also 
condemned [75, 76], but due to recent advances 

in spinal surgery and application of MIS 
techniques and modern spinal instrumentation, 
the role of focal debridement of TB lesion has 
reemerged. It can be done by anterior less inva-
sive mini-open approach or by posterior transpe-
dicular approach combined with posterior 
segmental instrumentation [77–79].

20.6.3	 �Anterior Radical Debridement 
and Bone Grafting (Hong 
Kong Operation)

Anterior radical debridement with strut bone 
graft fusion is the standard in the surgical treat-
ment of spinal TB [63, 70]. This technique was 
originally described by Hodgson and Stock in 
1956, the so-called Hong Kong operation [11]. In 
the radical debridement, the excision of the bone 
extends upward and downward until healthy, 
bleeding cancellous bone is reached with a sur-
face suitable for reception of bone graft and pos-
teriorly until the dura matter is reached. In 
widespread involvement where a healthy bleed-
ing bone cannot be shaped, the intervertebral 
disks and end plates proximal and distal to the 
lesions are sacrificed. Slots are made in the 
healthy bleeding bones of vertebral bodies above 
and/or below the affected ones as a bed for bone 
graft. At the end of debridement, the length of the 
defect is measured. A strut graft few mm longer 
than the defect is inserted into the defect by gen-
tle pushing on the kyphosis posteriorly and open-
ing up the defect. Bone grafting after anterior 
radical debridement is a safe procedure in spinal 
TB [74, 80].

A wide variety of grafting materials is avail-
able for the reconstruction of the anterior column. 
The traditional approach is to use rib grafts in the 
dorsal spine and tricortical iliac crest for the 
reconstruction of the spine at all levels. However, 
the donor site morbidity is great if the length of 
the graft needed is greater than 5  cm or if the 
patient is elderly. Rib grafts are readily available 
after thoracotomy, but they are structurally weak 
and do not contain cancellous bone. Vascularized 
rib grafts have been used successfully but they 
also suffer from structural weakness [81]. The 
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fibula takes a longer time to incorporate. Allograft 
from the humerus, tibia, and femur has been used 
successfully [82, 83]; they need supplementation 
with cancellous bone grafting. Titanium mesh 
cage (TMC) filled with cancellous bone is also in 
general use these days. The potential advantage is 
the healing that can occur between the host bone 
and the cancellous bone in the TMC. Though it is 
a foreign body in an infected environment, it has 
been shown to be safe [84]. After surgery patient 
is kept on strict bed rest for 6–8 weeks and subse-
quently mobilized in brace.

Though the anterior radical surgery without 
instrumentation was once advised as the treat-
ment of choice for spinal TB, it later became evi-
dent that it has limitation in achieving reasonable 
deformity correction and a tendency to halt pro-
gression in kyphotic deformity due to high pos-
sibility of graft failure [12, 85, 86]. 
Non-instrumented anterior fusion is associated 
with higher rate of deformity progression when 
compared even to nonoperative treatment [21].

20.6.4	 �Debridement and Fusion 
with Instrumentation

Panvertebral (circumferential involvement of 
vertebral bodies) TB lesions are potentially 
unstable and may not be able to resist transitory 
stresses, thereby leading to pathological sublux-
ation or dislocation of the spinal column with 
resultant neural deficit and progressive kyphosis. 
Surgical decompression may cause further insta-
bility [40, 87]. Though anterior debridement and 
bone graft fusion lessen the kyphotic deformity 
to some extent, there is a high incidence of recur-
rence and progression of deformity due to graft-
related complications, and also the rehabilitation 
is slower [64, 67, 88]. Addition of spinal instru-
mentation to the reconstruction helps to regain 
the height of the collapsed vertebra and to with-
stand the shearing forces across the spine. It also 
stabilizes the graft and accelerates the graft 
incorporation and fusion. It promotes early mobi-
lization of patient [88, 89].

Though the insertion of implants in the 
infected bony areas is generally contraindicated, 

due to risk of harboring pyogenic bacteria which 
forms a biofilm on the implant surfaces and then, 
are very difficult to eradicate, however, in the 
case of bone TB, there is less risk of such bond 
formation between TB organism and implant, 
because M. tuberculosis divides very slowly with 
minimal glycocalyx slime production and exists 
in a planktonic form, which responds well to che-
motherapy. Hence, the use of metal or other 
reconstruction biomaterial is not contraindicated 
even in the presence of active TB infection. 
Instrumented stabilization is found to be safe in 
spinal TB [90, 91].

Junctional areas of the spine show more bio-
mechanical stresses. These are the junction of a 
fixed and a mobile segment, and spinal curvature 
is changed from kyphosis to lordosis and vice 
versa. Therefore, instrumented stabilization is 
advised in such cases [37]. Some general indica-
tions for spinal instrumentation in spinal TB are:

•	 Panvertebral disease
•	 Long segment of disease (vertebral loss of two 

or more)
•	 Surgical correction of kyphosis
•	 TB of junctional areas (cervicodorsal, dorso-

lumbar, or lumbosacral spine) [40, 47, 87]

The choice of particular implant depends on 
individual cases. It depends on surgical approach, 
level and extent of lesion, availability of implant, 
facility, and experience of surgeon. A large range 
of implants are available for fixation of the ante-
rior column of the spine including plates, rod sys-
tem, and different types of meshes. The anterior 
plates, screws, and rods are used in short-segment 
disease. As healthy vertebral bodies are neces-
sary above and below the diseased segment to 
acquire purchase, this system can be used in mild 
to moderate kyphosis only. Anterior instrumenta-
tion can only be used when disease is confined to 
the anterior and middle columns and the poste-
rior column is healthy. In panvertebral disease, 
anterior instrumentation alone does not provide 
mechanical stability. Hence, stabilization by pos-
terior instrumentation is indicated [87].

In recent days, cages are frequently being 
used in anterior reconstruction. The material 
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strength and toughness of cages provide adequate 
immediate stability for a reconstructed segment. 
The cages are filled with crushed autograft, 
allograft, artificial bone graft, or even hybrid 
graft as per need. The availability of these cages 
offers more choices for anterior reconstruction 
and ensures satisfactory osseous healing [92]. 
These cages can be divided into metallic and 
nonmetallic types. TMC is a typical example of 
metallic cage. It was first introduced in 1986, 
since then it is broadly used in spinal reconstruc-
tion [93]. TMC has proved its superiority in pro-
viding good mechanical support with a 
satisfactory outcome [94, 95]. Few complications 
associated with the use of TMCs are the stress 
shielding, postoperative radiographic interfer-
ence, and implant subsidence [93, 96]. To over-
come these material defects of metallic cages, 
nonmetallic cages are developed with equal effi-
cacy. More recently, a bionic nonmetallic hollow 
cylindrical cage n-HA/PA66 cage (nano-
hydroxyapatite/polyamide-66) has been used in 
anterior cervical reconstruction. It is made by 
covalent miscibility of the nano-hydroxyapatite 
and polyamide-66 which simulates the constitu-
ent form of the natural bone (Fig. 20.2) [92]. 
With isolated insertion of a cage, there is risk of 

dislodgement; therefore, whenever possible, it 
should be supported by anterior and/or posterior 
instrumentation [87].

The use of sublaminar wiring and Hartshill 
loop rectangle in spinal surgery had fallen out of 
favor in comparison to the third-generation 
implants. The main reasons are high incidence of 
neurological complications due to the wires; 
inadequate corrective forces, especially rotatory 
control in the instrumented segment; and sagittal 
profile correction and maintenance [97, 98]. At 
present, the posterior pedicle screw system (Fig. 
20.3) is the most widely used implant system in 
the spinal surgery. It has been proven effective for 
the treatment of many thoracic spinal disorders 
associated with segmental instability and neuro-
logic impairment. It provides extremely stable 
and rigid fixation [77, 99].

20.6.5	 �Anterior Radical Surgery 
and Anterior Instrumentation

Conventionally, the infected spine has been 
approached anteriorly as the TB pathology 
mainly affects the anterior column of the spine. 
It permits direct access to the infected focus for 

a b

Fig. 20.2  Frontal (a) and transverse (b) view of cervical 
nano-hydroxyapatite/polyamide-66 cage (n-HA/PA66) 
(left side) and titanium mesh cage (TMC) (right side). 
There are several shallow recesses designed on the rims of 

the n-HA/PA66 cage to prevent cage translocation (a). 
The rims of the n-HA/PA66 cage are wider than TMC 
which reduce cutting of the cage into the end plates and 
preventing subsidence (b)
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debridement and reconstruction of the defect 
[46, 47, 100]. The safety and efficacy of anterior 
fixation in surgical treatment of spinal TB via 
both open and endoscopic approaches in differ-
ent regions of the spine especially in the dorsal 
and cervical spine have well been established 
[55, 64, 65, 101]. The use of anterior instrumen-
tation alone is indicated only if the posterior ele-
ments are intact. Anterior instrumentation and 
grafting are done as single-stage surgery through 
the same incision, minimizing total blood loss 
and surgery time with no risk of the graft slip-
ping out. It also prevents fusing an unnecessarily 
large number of levels, and postoperatively, 
immobilization in orthosis is not needed [46, 
102]. However, there is some difficulty in insert-
ing the implants anteriorly and chances of prom-
inent hardware impaling the great vessels, 
particularly in the thoracic spine. The retrieval of 
dislodged anterior implant also carries the risk of 
fatal bleeding due to extensive scarring near 
major vessels [103, 104]. Both anterior plating 
and mesh cages are used in combination or alone 
for anterior reconstruction (Figs. 20.4 and 20.5). 
However, due to risk of dislodgement, isolated 

insertion of cages should be avoided, and it 
should be supported by anterior plating when-
ever possible [105].

20.6.6	 �Anterior Radical Surgery 
with Posterior 
Instrumentation

This combined procedure includes anterior radi-
cal surgery with posterior instrumented stabili-
zation of the spine. This can be done as a 
one-stage simultaneous anterior debridement 
with bone grafting and then posterior instru-
mentation by turning the patient prone [47, 80, 
106] or as a two-stage procedure with anterior 
surgery done first, followed in second stage by 
posterior instrumentation (Fig. 20.6) [107]. 
Alternatively with severe kyphosis deformity, 
posterior instrumental stabilization can be done 
first followed later by anterior debridement and 
fusion [24]. Each method has its distinct advan-
tages. Pedicle screw system is the most com-
monly used implant for posterior stabilization. 
When the infection and destruction of the 

a b

Fig. 20.3  Segmental spinal pedicle screw system
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vertebral body is severe, pedicle screw is fixed 
one level above or below the infected segment. 
Patients presenting late with extensive, multi-
segment TB involving more than two vertebral 
bodies and progressive kyphosis are suitable 
candidates for the two-stage procedure. Anterior 

radical debridement and strut grafting combined 
with posterior instrumentation and fusion 
shorten the postoperative immobilization period 
and hospital stay, obtain good and long-lasting 
correction of kyphosis, and prevent further col-
lapse and graft failure [60, 107, 108].

a b c d

Fig. 20.4  (a–d) A 33-year-old woman with spinal tuber-
culosis (TB) in the T9–T12 vertebrae, especially T10–
T11. Three mobile segments were instrumented anteriorly, 
and 9° correction of kyphosis deformity was obtained 
after anterior radical debridement and titanium cage filled 
with morsellised rib-bone grafting and instrumentation in 

the sagittal plane. There was an 11° loss of correction 
in  local kyphosis angle at the last visit. Preoperative (a) 
lateral radiograph and (b) sagittal magnetic resonance 
image (MRI) and (c) postoperative lateral and (d) 
12-month follow-up lateral radiographs

a b c

Fig. 20.5  A 51-year-old female with C5/6 TB lesion 
with marked kyphosis reconstructed by an iliac crest auto-

graft and anterior cervical plating. (a) Preop X-rays with a 
37° kyphosis, (b) preop MRI, and (c) final correction to 3°
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20.6.7	 �Anterior Radical Surgery 
with Combined Anterior 
and Posterior Instrumentation

The combined anterior and posterior instrumen-
tation used in cervical and thoracic tuberculous 
lesions results in satisfactory clinical outcomes 
[55, 109–111]. When the anterior approach is 

combined with posterior approaches, it signifi-
cantly reduces the stress on plate and graft and 
increases the stability of the spine, thereby reduc-
ing the graft and/or the fixation-related complica-
tions (Fig. 20.7). Anterior instrumented fusion 
can be combined with posterior fusion as well as 
with instrumentation [55]. Due to long operation 
time, long hospitalization time, more bleeding, 

a

d e

b c

Fig. 20.6  A case requiring anterior debridement and rib 
strut grafting (the “Hong Kong operation”) combined 
with posterior instrumentation to preserve the sagittal 
alignment in a case with multilevel infection. Preoperative 

X-rays (a, b) and the MRI (c) showing the extent of 
involvement and postoperative X-rays (d, e) showing res-
toration of normal kyphosis
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and routine anterior-posterior approach-related 
complications, this combined procedure is 
reserved for certain case of spinal TB such as 
multilevel segmental lesion, severe spinal 

destruction, and complex kyphosis deformity 
[112]. Progressive increase in kyphosis can con-
tinue in children with spinal TB even after solid 
anterior fusion due to posterior longitudinal over-

a

d e f

b c

Fig. 20.7  (a–f) A 23-year-old man with spinal TB in the 
T10–L1 vertebrae, especially in T11–12. Three mobile 
segments were instrumented posteriorly, and 18° correc-
tion of kyphosis deformity was obtained after anterior 
radical debridement and titanium cage filled with morsell-
ised rib-bone grafting and posterior instrumentation in the 

sagittal plane. There was a 9° loss of correction in local 
kyphosis angle at the last visit. Preoperative (a) lateral 
radiograph and (b) sagittal MRI, postoperative (c) antero-
posterior and (d) lateral radiographs, and12-month con-
trol (e) anteroposterior and (f) lateral radiographs
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growth [42, 113]. Therefore, supplemental poste-
rior fusion is recommended sooner or later after 
anterior radical surgery in children to keep a 
mechanical balance between anterior and poste-
rior spinal elements [65].

20.6.8	 �Debridement, Reconstruction, 
and Instrumentation 
by Posterior-Only Approach

One-stage posterior transpedicular debridement, 
interbody fusion with or without posterior fusion, 
and posterior instrumentation with pedicular screw 
system are the present-day treatments of choice 
for many spinal TB lesions [68, 77, 114]. The 
technique has been successfully used at all levels 
of the spine from the upper cervical (Fig. 20.8) to 
the lower lumbar spine [78, 115]. It is a MIS inter-
vention that assures an early neurological recovery 
and a good correction of kyphosis [27, 114]. This 
posterior-only approach provides sufficient oper-
ating space through resection of both sides of the 
facet joint, diapophysis, and laminae. It allows 

operation on the vertebral body at a 360° angle 
under direct visualization of the outside of the dura 
mater for thorough removal of the sequestrum, 
collapsed vertebra, and intervertebral disk. A com-
plete spinal decompression is possible without 
injuring the spinal cord. Associated paraspinal 
abscess can be evacuated by adequate pressure 
washing and postural drainage. Supplemented 
posterior instrumentation, combined with poste-
rior interbody and posterolateral intertransverse 
fusion, serves to correct the angular deformity and 
to minimize the loss of correction [68, 109].

20.6.8.1	 �Minimally Invasive Surgical 
(MIS) Approaches 
in the Management 
of Tuberculosis 
of the Thoracic and Lumbar 
Spine

MIS approaches are frequently used for various 
spinal disorders, such as degenerative spine, 
trauma, and tumors [71, 116, 117]. Video-assisted 
thoracoscopic anterior surgery (VATS) is a MIS 
technique used in the management of the dorsal 

a
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b c d

Fig. 20.8  A 14-year-old female, axis destruction and for-
mation of epidural cold abscess, posterior debridement, 
short-segment fusion, and posterior instrumentation in 
C1–C3. Preoperative radiography showed destructive seg-
ments located at C2, and preoperative CT and MRI 
showed C2 vertebral body was almost vanished and 

abscess was localized (a–d). Postoperative roentgeno-
graphs and CT showed atlas with bilateral pedicle screws, 
axis with left pedicle screw and C3 with bilateral lateral 
mass screw (e–h). Twenty-five month’s postoperative 
roentgenographs showed internal fixation with good bone 
fusion (i)
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spinal TB [79, 118, 119]. Some other MIS tech-
niques used for evacuation of spinal abscesses 
include nucleotome-based percutaneous aspira-
tion [120, 121], endoscopic suction and drainage 
[122], and open transpedicular decompression 
[123]. VATS is considered as a surgical alterna-
tive to conventional thoracotomy. Alone it can be 
used for decompression and biopsy of the lesion 
[79, 118, 124], or it can be combined with percu-
taneous posterior transpedicular fixation [119]. It 
is associated with minimal morbidity [118, 124–
126]. However, there is a steep learning curve for 
this technique, and it is associated with some pul-
monary complications such as lung collapse and 
pleural adhesions. To facilitate further, less inva-
sive mini-thoracotomy (mini-open or using tubu-
lar retractor ports) techniques have been 
developed. They use small 3–4 cm mini incisions 
to provide direct visualization of the thoracic 
spine including vessels, nerves, and visceral 
structures. Due to a direct three-dimensional 
view, it is easy to perform procedures like cor-
pectomy with direct spinal canal decompression, 
bone grafting, and placement of anterior instru-
mentation. The operative time is significantly 
reduced (Fig. 20.9) [79, 127, 128].

Posterior-only MIS procedures to approach 
posterior part of the spine include MIS transpe-
dicular debridement and percutaneous transpe-
dicular screw fixation for thoracic spine levels 
and MIS hemilaminectomy and debridement, 
followed by internal fixation using percutaneous 
transpedicular screws for the lumbar spine (Fig. 
20.10) [71, 129, 130].

In hybrid MIS techniques, combined ventral 
and dorsal procedures are done using limited 
exposures. The ventral decompression and fusion 
is performed in lateral position using mini-
thoracotomy transpleural approach. Drainage of 
abscess and debridement of necrotic tissues is 
done to achieve adequate cord decompression 
and ventral column reconstruction is done using 
iliac crest or rib autograft or TMC filled with 
autograft. This is supplemented with posterior 
fixation using posterior transpedicular screws 
inserted percutaneously in the prone position in 
the same sitting as a single stage (Figs. 20.11 and 
20.12). This hybrid MIS method helps to achieve 

all the aims of conventional approaches using 
MIS principles [71, 119].

20.7	 �Procedures for Kyphosis 
Correction

Kyphosis is the most common spinal deformity 
produced by the TB dorsal spine. TB of the cer-
vical and lumbar spine starts with reversal of lor-
dosis and followed by kyphosis. Kyphosis 
continues to increase in adult patients if they are 
treated nonoperatively and even in operated 
cases if surgery is not supplemented with spinal 
instrumentation. In children, kyphotic deformity 
can continue to increase even after healing of the 
primary disease, due to the remaining growth 
potential. The sequel to residual healed kyphosis 
is painful costo-pelvic impingement, reduced 
vital capacity and eventual respiratory failure, 
spinal canal stenosis proximal to the kyphosis, 
and paraplegia. Patient’s life span is reduced. 
These complications can be avoided by early 
diagnosis and proper intervention according to 
the stage of the disease. A kyphotic deformity of 
more than 50° is a severe one, and is likely to 
progress further, if urgent intervention is not 
done. Some risk factors for exponential increase 
in kyphosis in children are age less than 7 years 
at the time of diagnosis, dorsolumbar disease, 
loss of two or more vertebral body height, and 
the presence of two or more spine at risk signs 
described above. These children are potential 
candidate for surgical correction of their defor-
mity and should be kept under strict observation 
[36, 38, 42, 66].

20.7.1	 �Kyphosis Correction in Active 
Disease

Spinal TB patients with a kyphotic deformity of 
50° or more should be evaluated for kyphosis cor-
rection surgery [66]. Kyphotic deformity extend-
ing from D2 to L2 can be corrected by single-stage 
correction by the extrapleural or extraperitoneal 
anterolateral approach with patient in a lateral 
position. Anterior decompression and corpec-
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tomy are done first followed by posterior column 
shortening, instrumented stabilization, and recon-
struction of anterior gap by bone graft sequen-
tially in one stage (Fig. 20.13) [37].

The combined anterior and posterior 
approaches enable access to all three columns of 
the spine and encourage correction of both neu-
rologic deficit and kyphosis. Anterior decom-
pression with bone grafting is done first, followed 
by correction of kyphosis and posterior instru-
mentation or in vice versa fashion where poste-
rior instrumentation is done first followed by 
anterior surgery (Fig. 20.14) [55, 60, 88, 
131–133].

Single posterior debridement, bone graft-
ing and instrumentation is an alternative option 
where both the anterior and posterior aspects 
of the spine can be approached through a sin-
gle incision from behind. It avoids the possible 
hazards of violating the thoracic and abdominal 
cavities [39, 134]. A midline incision is made 
centering at kyphosis. A costotransversectomy 
and excision of pedicle are carried out at the 
apex of the kyphosis. The abscess is drained, 
granulation tissue and bony sequestrum are 
debrided off, and spinal cord is decompressed. 
All bony tissues and soft tissues preventing the 
correction of kyphosis are removed. Segmental 

a
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Fig. 20.9  A 53-year-old female with T8–T9 TB under-
went thoracoscopic-assisted anterior debridement, iliac 
bone autograft, and fixation with single-rod Ventrofix sys-
tem (Synthes Spine, Switzerland). (a, b) AP X-ray shows 
paraspinal shadow, and lateral plain radiograph demon-
strates a narrowed disk space at T8–T9 and a kyphotic 
angle of 39°. (c) MRI demonstrates vertebral destruction 
and paravertebral and epidural abscess with compression 

of the spinal cord. (d, e) AP X-ray and lateral plain radio-
graph of final follow-up show that there was no fixation 
failure, and the postoperative kyphotic angle is measured 
22° at final follow-up. (f, g) Three-dimensional CT scan in 
coronal and sagittal planes demonstrates a solid fusion. 
(h) Postoperative clinical photograph demonstrates the 
size of the skin incision
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spinal instrumentation using Hartshill rectangle 
with sublaminar wiring or pedicle instrumenta-
tion is done, and kyphosis is gradually corrected. 
The anterior defect is subsequently grafted [58]. 
This is supposed to be the best technique to treat 
single-segment thoracic and lumbar spinal TB, 
especially for patients in early phase of bone 
destruction or ones with mild kyphosis (Fig. 
20.15) [67, 135]. In children with advanced tho-
racolumbar spinal TB with kyphosis, one-stage 
posterior focus debridement and interbody or 
combined interbody and posterior fusion with 
posterior instrumentation have achieved good 
correction of kyphosis [78, 114].

20.7.2	 �Kyphosis Correction in Healed 
Disease

In healed disease with residual kyphosis, the 
bony anatomy is distorted, and the cord in this 
area is ischemic, deformed, and less mobile. It is 
often trapped in the deformed, narrow, hypoplas-

tic canal and is adherent to the dura [46, 136]. 
Several surgical procedures are described for cor-
rection of rigid TB kyphosis. These include dif-
ferent types of osteotomies, decancellation 
procedures, and vertebral column resection [22, 
137–140]. The choice of operation depends on 
the magnitude of correction required. Long-
segment stabilization and fusion are required in 
this surgery (Fig. 20.16).

20.8	 �Surgery-Related 
Complications

Like all surgeries, surgical procedures for spinal 
TB are also associated with several complica-
tions (Table. 20.2) [141–143]. A large number of 
intraoperative and postoperative complications 
including vascular, neurological, chest, local, 
graft, and implant-related complications are 
reported in the literature [60, 113, 131, 144–146]. 
When the main surgical goals of deformity cor-
rection and neural recovery are not achieved, the 

a
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Fig. 20.10  MIS transpedicular decompression and per-
cutaneous fixation (posterior-only MIS method) are illus-
trated. (a) The X-Tube is positioned. (b) The position of 
the X-Tube is confirmed with the C-arm. (c) An intraop-
erative microscopic view after decompression of the the-
cal sac is shown. (d) An endoscopic view allows better 

visualization of the ventrolateral aspect of the dura using 
the 30° forward-angled 4-mm telescope. Asterisk = thecal 
sac. (e) Endoscope-assisted decompression of the ventral 
aspect of the thecal sac is performed using an angled 
curette. Arrow = necrotic bone. (f) A C-arm image shows 
the extent of decompression with angled curettes
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d

Fig. 20.11  Intraoperative images illustrate mini-
thoracotomy with expandable tubular retractors. (a) A 
three-blade retractor is positioned, with one blade retract-

ing the lung. (b) Paravertebral pus is drained. (c) A defect 
(arrow) remains after debridement. (d) Fusion is per-
formed with iliac crest autograft (arrow)

a b c d e

Fig. 20.12  Images illustrate the case of a spinal TB 
patient treated by hybrid MIS techniques. (a) A preopera-
tive T2-weighted sagittal MR image shows destruction of 
the vertebral body, kyphosis, and epidural and paraverte-
bral abscess with cord compression. (b) A preoperative 
sagittal CT scan shows sequestered bone compromising 

the canal. Postoperative (c) AP and (d) sagittal CT scans 
show the spine after intracorporeal decompression and 
iliac crest graft in situ and correction of deformity. (e) A 
lateral follow-up radiograph shows bony fusion without 
deformity progression
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Fig. 20.13  (a) A preoperative X-ray of a 45-year-old 
male demonstrated the destruction of T12 and L1, with a 
kyphosis angle of 43°. CT and MRI (b, c) show vertebral 
bone destruction and paravertebral abscess formation, 
with, severe spinal cord compression. The patient under-

went one-stage anterior debridement, autologous bone 
grafting, and posterior instrumentation. (d) A lateral 
X-ray indicates that kyphosis was corrected to 6° 3 months 
after surgery. (e, f) At 18-month follow-up, fixation was in 
good shape, without signs of TB recurrence
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results are labeled as a failure in spite of the 
healed disease.

The development of surgical complications is 
related to the patient and surgeon factors 
including the patient’s age and general condition, 
cord condition, severity of deformity, emergency 
surgery, unjustified surgical indication, and sur-
geon’s skills. Generally, the surgical complica-
tion rates are higher in the deformity correction 
surgery [38, 147].

Careful preoperative surgical planning and 
patient care, using appropriate surgical tech-
nique, and proper postoperative patient manage-

ment are some important factors to avoid these 
complications. Any decision to operate should be 
based on clear goal of treatment for each indi-
vidual and must weigh the high complication and 
reoperation rates against the anticipated improve-
ment. Surgical risks and complications must be 
fully explained to the patient, and ultimately the 
patient should choose between the risks and his/
her quality of life. Highly evolved surgical tech-
niques, improved surgical tools, and newly devel-
oped anti-TB drugs have contributed greatly in 
reducing the complications of surgery in spinal 
TB [141, 147, 148].

a b c d

e

f g h

Fig. 20.14  A six-year-old girl. (a, b) Preoperative X-ray 
demonstrated destruction of T7 and T8, with a 60° kypho-
sis measured between T6 and T9. MRI reveals (c) protru-
sion of dead bone fragments and granulation tissue into 
the canal, leading to compression of the dural sac. (d) 
Pronounced paravertebral abscesses. (e) A cross-sectional 
CT scan shows moth-eaten bone destruction. patient 

underwent single stage posterior instrumentation, anterior 
debridement and bone grafting with tricortical iliac crest 
graft.. (f) At the 3-month follow-up, a lateral X-ray indi-
cates that kyphosis was corrected to 19°. (g, h) At the 
9-month follow-up, a CT scan shows successful fusion at 
the grafted site, and the kyphosis was 20°
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a

e f g h

b c d

Fig. 20.15  (a) A preoperative X-ray of a 22-year-old 
male demonstrated the destruction of T6 and T7, with a 
kyphosis angle of 32°. CT and MRI (b, c) show vertebral 
bone destruction, paravertebral abscess formation, and 
spinal cord compression. (d, e) 3  months after single 

posterior debridement, bone grafting and instrumentation, 
a lateral X-ray indicated that kyphosis was corrected to 
26°. (f–h) At final follow up Xrays and CT revealed 
successful fusion and a kyphosis angle of 27°
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a

c
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b
Fig. 20.16  An 8-year-old boy 
with spinal TB treated medically. 
He developed a progressive 
severe kyphosis and bilateral leg 
weakness.  
(a) Clinical appearance 
preoperatively demonstrating skin 
breakdown over the gibbus 
deformity. (b) Lateral radiograph 
shows sharp (140°) angular 
deformity of the thoracolumbar 
spine with spinal cord 
compression. (c) Appearance after 
decompression and vertebral 
column resection. (d) Lateral 
radiograph shows anterior cage 
support with bone graft and 
posterior instrumented fusion.  
(e) Clinical appearance 
postoperatively
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Conclusion

The primary treatment of spinal TB is chemo-
therapy. Surgery is mainly indicated for the 
failure of conservative treatment, progressive 
neurologic deficit, and prevention and correc-
tion of spinal deformity. There are different 
surgical procedures for treatment of spinal 
TB.  Each has its own indication and advan-
tage. The main aim of surgery is debridement/
decompression of lesion and stabilization of 
the spine. Anterior radical debridement (Hong 
Kong procedure) with bone graft fusion is the 
standard in spinal TB surgery. Instrumented 
stabilization of the spine produces a better out-
come. Posterior segmental stabilization with 
pedicle screw system has changed the trend 
in spinal surgery. Posterior-only approach as 
MIS technique is effectively employed for 
debridement, fusion, and instrumented stabili-

zation in dorsal and lumbar spinal TB. Video-
assisted mini-open approaches are developed 
to avoid the complications of conventional 
thoracotomy. Kyphosis correction in healed 
lesion is difficult surgery and is associated 
with serious complications. Any decision to 
operate on should be based on clear goals 
for each individual and must weigh the high 
complication and reoperation rates against the 
anticipated improvement.
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Abbreviations

(D4-D9)	Dorsal 4th–9th vertebrae
ICS	 Intercostal space
MRI	 Magnetic resonance imaging
TB	 Tuberculosis
TS	 Tubercular spondylitis
VATS	 Video-assisted thoracic surgery

21.1	 �Introduction

Tuberculosis (TB) is the most common infec-
tious disease worldwide [1], with the spine being 
one of the most common sites of extrapulmonary 
involvement. Although anti-TB chemotherapy is 
the mainstay of treatment for spinal TB [2], it 
may not be applicable to all patients such as 
those with worsening neurological deficit, where 
surgery would be required in addition [3]. The 
standard surgical method of decompression of 
TB dorsal spine is either the anterolateral extra-
pleural or open transthoracic transpleural 
approach. The application of thoracoscopy to 
treat spinal lesions is a relatively recent develop-
ment [4–11]. This chapter elaborates its use in 
tubercular spondylitis (TS), viz., indications, 
contraindications, surgical technique, and com-
plications. At the end of the chapter, there is a 
thorough presentation of the current relevant lit-
erature of video-assisted thoracic surgery 
(VATS) in TS.
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21.2	 �VATS for Tubercular 
Spondylitis

The thoracic spine is most often involved spinal 
area in TS, followed by lumbar and cervical spine 
[12, 13]. Neurological involvement is highest in the 
patients who have the mid-thoracic spinal TB 
involvement. It is thought due to highest cord/canal 
ratio, and precarious blood supply in dorsal spine 
(D4–D9) spinal cord is at risk in this region. Good 
outcome in spinal TB is observed with anti-TB drug 
treatment, alone or in combination with surgical 
decompression. Absolute indications for surgery in 
patients with spinal TB under active treatment are 
approximately 6% in those without neurological 
deficit and approximately 60% in those with neuro-
logical deficit [14]. VATS has been used in various 
spinal procedures with the most frequently reported 
applications being in the management of rigid sco-
liosis releases or thoracic disc herniations [15–17]. 
Now, VATS is being used in active TB of dorsal 
spine in many centers [5, 6, 8, 9, 11].

21.2.1	 �History

Thoracic cavity was inspected endoscopically for 
the first time by Bozzini in 1806 [18]. Jacobaeus 
from Stockholm, Sweden, was credited to per-
form thoracoscopic procedures in human beings 
for the first time. He introduced in 1910 the use of 
thoracoscopy in the diagnosis and management of 
pulmonary TB [19–21]. Open surgical procedures 
replaced thoracoscopy from the 1950s until the 
1980s [19]. In 1991, Lewis popularized VATS for 
pulmonary diseases. The first description of VATS 
for thoracic spinal diseases was published by 
Mack and others in 1993 [15, 17, 22–24].

Reagan et  al. successfully used endoscopic 
techniques to perform interbody grafting and, 
more recently, instrumentation in diverse tho-
racic spinal pathology, including deformity and 
degenerative disease [22, 23, 25]. Rosenthal et al. 
reported the use of VATS for ventral decompres-
sion and stabilization in patients with metastatic 
tumors of the thoracic spine [26]. Huang et al. in 
2000 published first report of the use of VATS in 
TS. They also introduced the concept of extended 
manipulating channel method [5]. Later on more 

authors reported their experience with VATS in 
TS [5, 6, 8, 9, 11]. Thoracoscopy has emerged as 
a safe surgical technique with a wide field of 
application.

21.2.2	 �Indications and 
Contraindications

Indications  Clinically, TB of the spine can 
mimic other infections or tumorous (either pri-
mary or metastatic) conditions. It continues to be 
a scourge in the developing world, contributing to 
spinal deformity and neurological deficit. TB 
pathology, such as inflammatory focus, debris, 
and caseation, compresses the spinal cord from 
the anterior aspect. Therefore, it is better to 
approach the spinal cord anteriorly to decompress 
it from this anterior pathology. Anterolateral 
decompression and transthoracic anterior decom-
pression have been the two favored approaches. 
VATS can be a valuable alternative to those con-
ventional approaches. VATS can be employed for 
biopsy, debridement, decompression, and recon-
struction in TS.

Contraindications  VATS is contraindicated in 
TS in the following situations:

•	 Significant morbid cardiopulmonary condi-
tion with limited cardiopulmonary reserve 
and other contraindications for single-lung 
anesthesia.

•	 Expected difficulty in visualization and 
manipulation of instruments through a scarred 
chest cavity especially in patients with pleural 
symphysis, failed prior open ventral surgery, 
or bullous lung pathology.

•	 Significant hemostatic disturbances.
•	 Relative contraindications include empyema, 

previous thoracotomy, or previous tube 
thoracostomy.

21.2.3	 �Preoperative Evaluation

Important information on the anatomical as well as 
the patho-anatomical structure; three dimensional 
position of the spine, including malpositioning; and 
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the topographical anatomy of the diseased area 
require well-planned preoperative imaging (Fig. 
21.1). Assessment of the curvature of the spine and 
configuration of the vertebral bodies requires stan-
dard spinal x-rays (AP and lateral) [27]. It is also 
desirous to include magnetic resonance imaging 
(MRI) in preoperative planning, as it better delin-
eates paraspinal soft tissues, the neural structures 
including the situation within the spinal cord, as 
well as the localization and course of the greater 
vessels in relation to spine (Fig. 21.2) [27].

Posteroanterior and lateral chest radiographs 
are required to evaluate any associated pathology, 
viz., pleural fluid, fibrinous membranes, or adhe-
sions in the pleural space. Electrocardiogram is 
used to exclude any recent myocardial infarction 
or significant arrhythmia. In addition, laboratory 

investigations including the coagulation parame-
ters, serum electrolytes, blood group typing, and 
platelet count should be carried out preopera-
tively [4].

21.2.4	 �Anesthetic Considerations

General anesthesia using a double-lumen endo-
tracheal tube is given to the patient to achieve 
single-lung ventilation for maximal surgical 
exposure during thoracoscopy (Fig. 21.3). Single-
lumen tube with an endotracheal block is an 
alternative to difficult double-lumen endotra-
cheal intubation. The correct position of the 
endotracheal tube is confirmed with a broncho-
scope before and after final positioning [5, 28]. 

a b

Fig. 21.1  Preoperative radiographs lateral (a) and anteroposterior (b) are essential in preoperative planning as these 
can depict any deviation in the curvature of the spine and configuration of the vertebral bodies
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Hypotensive anesthesia should be avoided in 
myelopathic patients or in those undergoing seg-
mental artery sacrifices [2, 12]. In addition, a 
Foley catheter and arterial and central venous 
lines are placed.

21.2.5	 �Positioning

Lateral decubitus position of the patient is 
obtained by securing the patient on a radiolucent 
operation table with legs flexed slightly and an 
axillary roll placed under the axilla. Right/left 
lateral decubitus position during surgery is 
decided depending on the radiologic findings 
(i.e., bulk of abscess and caseating tissue and 
destruction of the body). Cleaning and draping is 
done as for a standard posterolateral thoracotomy 
(for conversion to standard thoracotomy in cir-
cumstance of intraoperative complications or the 
presence of severe pleural adhesion).

Prone positioning may be used during a simul-
taneous anterior-posterior approach [25, 29]. 
Simultaneous surgical exposures eliminate the 
need to stage the procedure, along with the added 
time and costs for repositioning, redraping, and a 
new operating room setup [28].

T1W sagittal

T2W sagittal T2W axial

STIR coronal

Fig. 21.2  MRI showing body destruction, paravertebral abscesses, spinal cord condition, and location of great 
vessels

Fig. 21.3  Shows use of double-lumen endotracheal tube 
for general anesthesia purpose. It helps in achieving 
single-lung ventilation and maximal surgical exposure
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21.2.6	 �Thoracoscopic Access 
and Exposure

The correct placement of the portals is of particular 
importance. With selective collapse of right/left 
lung, the initial trocar incision (2  cm) is usually 
made at the fifth or sixth intercostal space (ICS) or 
higher along the anterior axillary line depending 
upon the site of lesion [9, 27]. The first portal site is 
opened using a blunt dissection technique to mini-
mize possible injury to the lung. The subcutaneous 
tissues and intercostal muscles are dissected bluntly 
without removing any rib, which minimizes local 
trauma. The pleural space is the exposed and palpa-
tion is used to detect any pleural adhesions. There 
may be a higher rate of pleurodesis secondary to 
inflammation, requiring either meticulous thoraco-

scopic release of adhesions (Fig. 21.4) or conver-
sion to an open procedure (Fig. 21.5). The parietal 
pleura is opened under direct visualization to 
ensure proper lung deflation. Once this structure is 
deflated securely, the first trocar (11 mm) is used to 
introduce the operating thoracoscope, and the 
exploratory thoracoscopy is performed (Fig. 21.6). 
The lesion site is identified and displayed on the 
video monitor. Two other stab incisions, the 
extended manipulating channel, usually 3–4 cm in 
length, are done 2–3 ICS above and below the first 
port, slightly posterior to the posterior axillary line 
(Fig. 21.7). The correct placement of these portals 
is of utmost importance to ensure the correct work-
ing direction and avoid loss of orientation.

Visualization of the spine can be enhanced by 
tilting the patient forward so that the lungs fall 

a b

c d

Fig. 21.4  Shows lung adhesions (a, b) being separated with thoracoscopic release of adhesions (c, d)
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anteriorly and, if required, a fan retractor for further 
retraction of ipsilateral lung is inserted (Fig. 21.8) 
[8]. Brief insufflations of carbon dioxide at a pres-
sure of 8 cm H2O can be used if descriptive atelec-
tasis of the ipsilateral lung is found incomplete.

21.2.7	 �Debridement, 
Decompression, 
Reconstruction, and Fusion

The correct level of diseased vertebrae is deter-
mined by counting the ribs as seen through the 
endoscope. Putting a spinal needle from the 
preoperative marker site and visualizing the tip of 
needle through the thoracoscope further confirm the 
correct level. With monopolar electrocautery 
accompanied by a suction tube the parietal pleura 
overlying the rib head is incised. Alternatively, the 

Fig. 21.5  Shows extensive lung adhesions and the 
patient-required mini-thoracotomy for adhesiolysis

Fig. 21.6  Shows view of exploratory thoracoscopy local-
izing site of lesion (pus pointing underneath the pleura)

Fig. 21.7  Shows classical three portals for the VATS

a

b

Fig. 21.8  Shows additional portal (a) being used for the 
fan retractor to retract the lung (b)
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harmonic scalpel can dissect with less smoke and 
char. Avoid monopolar cautery at inferior margin of 
the rib where intercostal nerve may be injured. The 
degree of pleural dissection depends on the extent 
of the intended surgery but may include longitudi-
nal approaches parallel to the spine or transverse 
approaches parallel to each disc space [28]. Pleura 
over the lesion is divided longitudinally/trans-
versely; pus is drained and granulation tissue is 
removed (Fig. 21.9). Suction should be available 
before incising the pleura to suck the pus immedi-
ately to avoid contamination. A thorough debride-
ment is performed to remove necrotic disc, 
sequestra, infected granulation tissue, and caseous 
material under direct vision through the thoraco-
scope (Fig. 21.10). The working portals are enlarged 
to be used as extended manipulating channels, facil-
itating the used conventional instruments (Fig. 
21.11). Of late, various manufacturers now also 

offer sets of instruments for soft tissue and bone 
preparation. These instruments are ergonomically 
designed for good control and handling with depth 
scale on the sides of each instruments. The decom-
pression is considered complete only when dura is 
exposed in the involved segment and appears to be 
devoid of compression. Epidural granulation tissue 
can be adherent to the dura mater and surrounding 
tissues, requiring careful dissection.

Essentially the steps of biopsy, decompres-
sion, discectomy, and reconstruction are same as 
with open procedures.

The specimen is obtained for Ziehl-Neelsen 
staining, gram staining, and culture for TB and 
pyogenic organisms. The paravertebral incision 
is extended by a smaller horizontal incision, 
parallel to the ribs and starting from the center 
of the longitudinal incision in a T-shaped man-
ner [8]. The larger intercostal arteries and veins 

a b

c d

Fig. 21.9  Shows pleura over the lesion being divided (a, b) using electrocautery. Pus is drained (c) and granulation 
tissue is removed (d)
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a b

c d

Fig. 21.10  Shows thorough debridement is being performed to remove caseous material (a), infected granulation tis-
sue (b), necrotic disc (c), and sequestra (d) under direct vision through the thoracoscope

a b

Fig. 21.11  Shows conventional long curette being used through thoracoscopic port (a) and through extended manipu-
lation channel (b)
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are isolated, ligated, and divided if needed (Fig. 
21.12). The remainder of the surgery is con-
ducted from beneath the incised pleural that, 
along with the anterior longitudinal ligament, 
had been distal from the vertebral body by 
abscess and granulation tissue. This precaution 
ensures that the important structures, i.e., artery, 
inferior vena cava, azygos vein, sympathetic 
trunk, and thoracic duct, are not damaged.

Reconstruction of anterior column depends 
on the extent of bone defect. Small defects can 
be reconstructed using rib grafts or tricortical 
iliac crest grafts (Fig. 21.13). Anterior rib 
grafts are harvested by subcutaneous dissec-
tion of the rib through portal incision. Larger 
anterior defects can be filled with titanium 
mesh cages. These can be stabilized with ante-

rior instrumentation with screw-rod construct. 
The portal for screw insertion is made care-
fully, with C-arm guidance using strict lateral 
views, and an attempt should be made to make 
the working portals exactly coaxial with the 
tributary of the planned screws. Sometimes 
open posterior instrumentation using a pedicle 
screw-rod construct can be completed first, and 
in the same setting, thoracoscopic-assisted 
anterior debridement and anterior column 
reconstruction can be done.

After irrigating the thoracic cavity and 
removal of blood clots, hemostasis is achieved. 
Chest tube drain of appropriate size is inserted 
through one of the port sites in the 7th or 8th ICS 
in midaxillary line and is connected to underwa-
ter seal. The small wounds are closed.

a

c d

b

Fig. 21.12  Shows segmental vessel being isolated (a) and ligated using ligaclips (b–d)
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21.2.8	 �Postoperative Care

Patient is monitored closely for heart rate, arterial 
pressure, respiratory rate, oxygen saturation, 
blood loss (in water seal bag), and any respiratory 
complication. Postoperative plain chest radio-
graph is taken to check adequate lung inflation. 
Chest tube is removed once collection in the 
chest tube bag is <50–100 mL in the last 24 h. 
With radiological evidence of complete lung 
inflation, postoperative chest physiotherapy with 
incentive spirometer is started in the first day to 
allow early lung expansion and minimize atelec-
tasis [8, 19].

Antitubercular drugs are continued and patient 
mobilized with brace depending on the individ-
ual patient’s situation.

21.3	 �Advantages 
and Disadvantages of VATS

VATS confers many proven potential advantages 
to both the surgeon and patient, including 
improved visualization through magnification 
and lighting, decreased perioperative morbidity, 
and shorter hospital stay. In addition, thoraco-
scopic surgery provides small thin incisions with-
out the need for rib resection or retraction. This 
procedure offers reduction in pain, better cos-

metic effect, lower perioperative morbidity, and 
earlier return to normal activities [5, 6, 9, 10, 
28, 29].

The most significant disadvantage of VATS 
procedure is an extremely steep learning curve 
for proper thoracoscopic surgery technique, such 
as establishing proper operative orientation and 
performing the operation through small portals 
with long surgical instruments at longer distances 
from the target area [6, 10, 28].

21.4	 �Results and Complications 
Relevant to VATS 
in Tubercular Spondylitis

Very few studies have been reported about the 
role of VATS in TS in the literature. Authors of 
other studies have shared their experience, 
results, and complications about VATS [6, 11, 12, 
26, 27].

In 2000, Huang et  al. reported first study of 
VATS in TS in ten cases. At the mean follow-up 
of 24  months, four patients had an excellent 
result, five had a good result, one had a poor 
result, and one had a fair result [5]. The average 
neurological recovery was 1.1 grades on Frankel’s 
grade. Postoperative complications included one-
lung atelectasis. Pleural adhesions, owing to local 
inflammation or paravertebral abscess, were seen 

a b

Fig. 21.13  Shows anterior column reconstruction after thorough debridement with rib (a) and tricortical iliac bone 
crest graft (b)
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in four patients, in one patient with severe pleural 
diagnosis who needed an open technique for 
treatment. Postoperative air leaks were seen in 
40% of the cases but all were transient. They con-
cluded that VATS has diagnostic and therapeutic 
role in the management of TB [5].

In 2005, Kapoor et al. reported a prospective, 
observational study in 16 patients with middorsal 
TS with paraplegia/paraparesis [8]. Eighty-eight 
percent of patients had good neurological recov-
ery. In one patient, thoracoscopy was abandoned, 
and open thoracotomy was performed because of 
persistent bleeding; in one patient anterolateral 
decompression was performed 10 weeks after tho-
racoscopy due to non-recovery; and in patient 
there was a rib fracture. They concluded that 
video-assisted thoracoscopic decompression of 
TB dorsal spondylitis was a viable option to 
achieve significant neurological recovery with less 
morbidity, blood requirement, and hospital stay 
compared to the open thoracotomy procedures [8].

In 2007, Jayaswal et al. reported a retrospec-
tive review of 23 patients with single-level tho-
racic spinal TB (T4-T11) treated with VATS [6]. 
Twenty two of 23 patients achieved flexion with 
no recurrence. Complications occurred in seven 
patients and one patient had superficial wound 
infection. Two had prolonged intercostal drain-
age tube in situ for 5 days due to persistent air 
leak. Conversion to open thoracotomy was under-
taken in three patients; the cause was extensive 
pleural adhesion in two patients and uncontrolled 
bleeding in one patient. Pneumonitis occurred in 
one patient [6].

In 2012, Kapoor et al. reported long-term fol-
low-up results of VATS-consisted treatment of 
dorsal spinal TB in 30 patients [9]. All patients 
had neurological improvement and one return of 
ambulatory power. Ninety-six percent of patients 
achieved an excellent or good subjective out-
come. There were ten complications including 
two cases of superficial wound infection, six with 
pulmonary complications, and one with postop-
erative air leak [9].

The author of the present chapter reported 
VATS for TS in a patient in 2014. At the time of 
final follow-up, fusion was achieved in all patients, 
the VAS score for back pain improved from a pre-

treatment 8.3–2, and the functional assessment 
yielded excellent (n = 4) to good (n = 5) results. In 
two patients mini-thoracotomy had to be reported 
due to extensive pleural adhesions (n = 1) or dif-
ficulty in placement of graft (n = 1) [11].

In addition to these complications in TS, 
general intraoperative complications of VATS, 
viz., risk of injury to the aorta or vena cava, 
spinal cord or nerve root, dural tear, etc., are 
always there. Postoperative complications like 
intrathoracic bleeding, lung atelectasis, pneu-
mothorax, and splenic injury should always be 
kept in mind.

�Conclusion

•	 Among the infectious diseases, TB is the 
most prevalent disease worldwide. The 
spine is one of the most common sites of 
extrapulmonary TB.

•	 Anti-TB drugs are the mainstay of treat-
ment in spinal TB. In patients with worsen-
ing neurological deficit alone, it may not be 
sufficient.

•	 Anterolateral extrapleural and open trans-
thoracic transpleural are the standard surgi-
cal procedures used to decompress dorsal 
spine in TB.  Significant morbidity and 
mortality is associated with these open 
approaches.

•	 VATS is a relatively recent development in 
the treatment of TS and can be a valuable 
alternative to conventional approaches.

•	 VATS can be employed for biopsy, debride-
ment, cord decompression, and reconstruc-
tion in TS.

•	 VATS is contraindicated in significant car-
diopulmonary disease of associated contra-
indication for single lung disease, scarred 
chest cavity, and failed prior open ventral 
surgery.

•	 VATS requires a proper preoperative evalu-
ation and planning to prevent complica-
tions and for a better surgical outcome.

•	 VATS is a safe and effective procedure in 
the management of spinal TB.  Inherent 
advantages of VATS are decreased blood 
loss and minimum postoperative morbidity 
and complications.

21  Video-Assisted Thoracic Surgery for Tubercular Spondylitis



312

References

	 1.	World Health Organization (2008) Global tuberculo-
sis control: surveillance, planning, financing. 
Publication no. WHO/HTM/TB/ 2008.393. World 
Health Organization, Geneva

	 2.	Tuli SM (1975) Results of treatment of spinal tuber-
culosis by “middle-path” regime. J Bone Joint Surg 
Br 57B:13–23

	 3.	Rajasekaran S, Soundarapandian S (1989) 
Progression of kyphosis in tuberculosis of spine 
treated by anterior arthrodesis. J Bone Joint Surg 
Am 71:1314–1323

	 4.	Amini A, Beisse R, Schmidt MH (2005) 
Thoracoscopic spine surgery for decompression and 
stabilization of the anterolateral thoracolumbar spine. 
Neurosurg Focus 19:E4

	 5.	Huang TJ, Hsu RW, Chen SH, Liu HP (2000) Video-
assisted thoracoscopic surgery in managing tuber-
culous spondylitis. Clin Orthop Relat Res 379: 
143–153

	 6.	 Jayaswal A, Upendra B, Ahmed A, Chowdhury B, 
Kumar A (2007) Video-assisted thoracoscopic ante-
rior surgery for tuberculous spondylitis. Clin Orthop 
Relat Res 460:100–107

	 7.	Kandwal P, Garg B, Upendra BN, Chowdhury B, 
Jayaswal A (2012) Outcome of minimally invasive 
surgery in the management of tuberculous spondyli-
tis. Indian J Orthop 46:159–164

	 8.	Kapoor SK, Agarwal PN, Jain BK Jr, Kumar R (2005) 
Videoassisted thoracoscopic decompression of tuber-
cular spondylitis: clinical evaluation. Spine (Phila Pa 
1976) 30:E605–E610

	 9.	Kapoor SK, Kapoor S, Agarwal M, Agarwal P, Jain 
BK Jr (2012) Thoracoscopic decompression in Pott’s 
spine and its long-term follow-up. Int Orthop 
36:3331–3337

	10.	Kim SJ, Sohn MJ, Ryoo JY, Kim YS, Whang CJ 
(2007) Clinical analysis of video-assisted thoraco-
scopic surgery in the thoracic or thoracolumbar spinal 
pathologies. J Korean Neurosurg Soc 42:293–297

	11.	Singh R, Gogna P, Parsad S, Karwasra RK, Karwasra 
PK, Kaur K (2014) Video-assisted thoracic surgery 
for tubercular spondylitis. Minim Invasive Surg. 
Article ID 963497, 8 pages. http://dx.doi.
org/10.1155/2014/963497

	12.	Hodgson AR, Stock FE (1960) Anterior spinal fusion 
for the treatment of tuberculosis of the spine. The 
operative findings and results of treatment in the first 
one hundred cases. J  Bone Joint Surg Am 
42A:295–310

	13.	Lifeso RM, Weaver P, Harder EH (1985) Tuberculous 
spondylitis in adults. J  Bone Joint Surg Am 
67A:1405–1413

	14.	Bakalim G (1960) Tuberculosis spondylitis a clinical 
study with special reference to the significance of spi-
nal fusion and chemotherapy. Acta Orthop Scand 
(Suppl)47: 1-111

	15.	Mack MJ, Regan JJ, Bobechko WP, Acuff TE (1993) 
Application of thoracoscopy for diseases of the spine. 
Ann Thorac Surg 56:736–738

	16.	McAfee PC, Regan JJ, Zdeblick T (1995) The inci-
dence of complications in endoscopic anterior thora-
columbar spinal reconstructive surgery: a prospective 
multicentre study comprising the first 100 consecutive 
cases. Spine 14:1624–1632

	17.	Regan JJ, Mack MJ, Picetti GD (1995) A technical 
report on video-assisted thoracoscopy in thoracic spi-
nal surgery—preliminary description. Spine 
20:831–837

	18.	Bloomberg AE (1978) Collective reviews: thoracos-
copy in perspective. Surg Gynecol Obstet 147:433–443

	19.	Dickman CA, Rosenthal DJ, Perin NI (1999) 
Thoracoscopic spine surgery, 1st edn. Thieme-Verlag, 
New York

	20.	Jacobaeus HC (1910) Possibility of the use of cysto-
scope for investigations of serous cavities. Munch 
Med Wochenschr 57:2090–2092

	21.	Jacobaeus HC (1921) The practical importance of 
thoracoscopy on surgery of the chest. Surg Gynecol 
Obstet 32:493–500

	22.	Regan JJ, Guyer RD (1997) Endoscopic technique in 
spinal surgery. Clin Orthop 225:122–139

	23.	Regan JJ, Ben-Yishay A, Mack MJ (1998) Video-
assisted thoracoscopic excision of herniated thoracic 
disc. Description of technique and preliminary experi-
ence in first 29 cases. J  Spinal Disord 
11(13):183–191

	24.	Rosenthal D, Rosenthal R, de Simone A (1994) 
Removal of a protruded thoracic disc using microsurgi-
cal endoscopy. A new technique. Spine 19:1087–1091

	25.	Regan JJ, Mack MJ (1995) Endoscopic approach 
strategies. In: Regan JJ, McAffee PJ, Mack MJ (eds) 
Atlas of endoscopic spine surgery, 1st edn. Quality 
Medical Publishing, St. Louis, pp 117–136

	26.	Rosenthal D, Marquardt G, Lorenz et  al (1996) 
Anterior decompression and stabilization using a 
microsurgical endoscopic technique for metastatic 
tumours of the thoracic spine. J  Neurosurg 
84:565B–572B

	27.	Heider F, Beisse R (2012) Anterior thoracoscopic 
approaches, including fracture treatment. In: Hartl R, 
Korge A (eds) Minimally invasive spine surgery- tech-
nique, evidence, and controversies. Thieme Verlag, 
New York, pp 191–207

	28.	Lieberman IH, McLain RF, Truumees E, Brebach GT 
(2004) Positioning and approaches to the thoracolum-
bar spine. Endoscopic and minimally invasive 
approaches. In: Frymore JW, Weisel SW (eds) The 
adult and pediatric spine, 3rd edn. Lippincott Williams 
& Wilkins, Philadelphia, pp 1061–1080

	29.	Lieberman IH, Salo PT, Orr RD, Brenda K (2000) 
Prone position endoscopic transthoracic release with 
simultaneous posterior instrumentation for spinal 
deformity: a description of technique. Spine 
25:2251–2257

R. Singh

http://dx.doi.org/10.1155/2014/963497
http://dx.doi.org/10.1155/2014/963497


Part IV

Tuberculosis of the Cranial 
and Peripheral Nerves



315© Springer International Publishing AG 2017 
M. Turgut et al. (eds.), Tuberculosis of the Central Nervous System, 
DOI 10.1007/978-3-319-50712-5_22

Optochiasmatic Tuberculosis

Neeraj Kumar, Ravindra K. Garg, 
and Hardeep Singh Malhotra

Contents

22.1     � Introduction �   315

22.2     � Anatomy of Optochiasmatic Region �   316

22.3     � Etiopathogenesis and Pathology �   316

22.4     � Clinical Features and Presentation �   327

22.5     � Diagnostic Investigations and 
Differential Diagnosis �   328

22.5.1  �Diagnosis of Tuberculous Meningitis �   328
22.5.2  �Diagnosis of Optochiasmatic 

Tuberculosis �   328

22.6     � Treatment of Optochiasmatic 
Tuberculosis �   330

22.6.1  �Medical Management �   331
22.6.2  �Surgical Management �   333

22.7     � Prognosis �   333

22.8     � Future Research �   334

�References �   334

Abbreviations

CNS	 Central nervous system
CSF	 Cerebrospinal fluid
CT	 Computed tomography
EMB	 Ethambutol
IL		 Interleukin
INH	 Isoniazid
MMP	 Matrix metalloproteinases
OCA	 Optochiasmatic arachnoiditis
OCT	 Optochiasmatic tuberculoma
PAS	 Para-aminosalicylic sodium
PCEG	 Pneumocisterno-encephalography
PL		 Perception of light
RIF	 Rifampicin
RIHSA	 Radioactive human serum albumin
STR	 Streptomycin
TB	 Tuberculosis
TBM	 Tuberculous meningitis
TNF	 Tumor necrosis factor
WHO	 World Health Organization

22.1	 �Introduction

Tuberculous meningitis (TBM) is a serious form 
of extrapulmonary TB.  Recently in 2015, the 
World Health Organization (WHO) released the 
20th edition of its global TB report. In 2014, 9.6 
million people were estimated to have TB, but 
only six million new cases were reported to 
WHO.  The death due to TB was 1.5 million 
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people during the same year. In a major shift, the 
earlier Stop TB Strategy is being changed to the 
End TB Strategy from 2016 onwards [1].

TBM presents with various manifestations 
and complications. Cranial nerve involvement is 
common, including frequent affection of vision. 
Optochiasmatic TB can present either as opto-
chiasmatic arachnoiditis (OCA) or optochias-
matic tuberculoma (OCT). Optochiasmatic TB 
is a dreaded complication of TBM and requires 
meticulous work-up and treatment. In 1929, 
Balado et al. gave the first detailed description of 
OCA in a case with visual deterioration [2]. The 
surgical intervention and release of adhesions 
around optochiasmatic region lead to excellent 
visual recovery, and later on the disease was 
named as “syndrome of Balado” [3]. Soon many 
such cases with good surgical results were pub-
lished [4, 5]. In 1951, Yuhl et  al. reported the 
first case of proven TB OCA. Though the visual 
loss improved markedly after surgery the patient 
succumbed due to disseminated disease status 
[6]. Both surgical and medical treatment has 
been reported with good prognosis. A review of 
all the reported cases of optochiasmatic TB in 
the literature till date has been summarized in 
Table 22.1.

22.2	 �Anatomy of Optochiasmatic 
Region

Anatomy of optochiasmatic region is very com-
plex. Involvement in TB OCA due to basal exu-
dates is not confined to chiasmatic region only. 
Cisterns are the subarachnoid cerebrospinal fluid 
(CSF) space at places where adherent pia mater is 
separated from overlying arachnoid mater. The 
basal exudates in subarachnoid space may extend 
from one to another cisternal space depending 
upon the inflammatory response.

The chiasm is surrounded by chiasmatic cis-
tern, which extends around the optic nerves too. 
Chiasmatic cistern is bounded laterally by the 
medial carotid membrane and adjoining carotid 
cisterns, anteroinferiorly by the arachnoid mem-
brane over diaphragma and tuberculum sellae, and 
posteriorly by a membrane of Liliequist over dien-

cephalon [38, 39]. The suprasellar cistern com-
prises chiasmatic cistern, cistern of lamina 
terminalis, and interpeduncular cistern. The exu-
dates in this region may extend to involve as far as 
Sylvian fissure, ambient cistern, and occasionally 
prepontine cistern too (Figs. 22.1, 22.2, and 22.3). 
The blood supply to optic chiasm is via small 
branches arising from vessels of the circle of 
Willis (anterior cerebral, anterior communicating 
artery, posterior cerebral, posterior communicat-
ing and basilar arteries). Sometimes, TB vasculitic 
involvement of these branches or vasa nervorum 
may lead to optic nerve and chiasm infarcts.

22.3	 �Etiopathogenesis 
and Pathology

Central nervous system (CNS) TB occurs sec-
ondary to some primary focus (most commonly 
lungs) [40]. The postulated mechanism suggests 
initial lung involvement via the inhalational route 
and then dissemination to the brain. Other pri-
mary sites like the intestine, lymph node, and 
bones may also spread the Mycobacterium tuber-
culosis to the brain.

Brain involvement occurs either via the hema-
togenous route or via direct extension of a focus 
like mastoids [41] and Pott’s spine. The hematog-
enous spread commonly leads to the formation of 
a Rich focus at the cortex or less commonly cho-
roid plexus involvement [42–45]. The Rich focus 
may either rupture into subarachnoid CSF space, 
resulting in TBM, or extend deeper into brain 
parenchyma and thus leading to the formation of 
tuberculoma or TB abscess [46]. Even choroid 
involvement leads to TB ventriculitis and 
TBM. Characteristically, TBM is associated with 
basal exudates. The ventral cranial nerves exiting 
from the brainstem are commonly involved. 
Optochiasmatic region involvement is also com-
mon, resulting in visual loss. Sellar and suprasel-
lar region involvement leads to pituitary and 
hypothalamic dysfunction [47, 48]. Visual 
involvement may occur due to entrapment of 
optic chiasm in thick exudates. Additionally, 
occlusion and vasculitis of blood vessels supply-
ing the optic nerve may also lead to visual loss.
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Gross pathological examination reveals thick, 
gelatinous, grayish exudates involving most 
commonly basal region, including optochias-
matic region, interpeduncular cistern, Sylvian fis-
sure, prepontine space, and less commonly 
superficial sulcus [18, 49].

Sometimes, rather than arachnoiditis, OCT 
is the prominent radiological presentation. 
Histopathologically, these tuberculomas show 
caseation, epitheloid granuloma, lymphocytes, 
and Langerhans giant cells. Acid-fast bacilli 
positivity is uncommon [18].

Paradoxical reaction in TBM is a common 
phenomenon despite adequate treatment [8, 
32, 50–52]. This paradoxical reaction may 

manifest as a clinical deterioration with the 
radiological appearance of new tuberculomas, 
increased exudates, optochiasmatic involve-
ment [8, 28], raised CSF proteins, lumbosacral 
arachnoiditis, and even extracranial involve-
ment. The exact cause of development of opto-
chiasmatic granulomas or paradoxical reaction 
is not known, but role of pro-inflammatory 
cytokines and chemokines has been postu-
lated. M. tuberculosis interacts with the CNS 
microglial cells and leads to production of 
pro-inflammatory cytokines and chemokines. 
T-helper cell 1 produces tumor necrosis factor 
(TNF)-α, interferon (IFN)-γ, and interleukin 
(IL) 2. T-helper cell 2 produces IL2, 4, 5, 10, 

a

d e

b c

Fig. 22.1  Normal anatomy and extension of optochias-
matic region cisterns (outlined in red). (a) Axial T2 
sequence shows optochiasmatic region with extension of 
cerebrospinal fluid (CSF) spaces around optic nerves and 
medial portion of anterior temporal lobes (Sylvian fis-
sure). (b, c) Axial T2 sequence shows optochiasmatic 

region with CSF space around middle cerebral artery 
(Sylvian fissure) and extension to perimesencephalic cis-
tern. (d) Coronal T2 sequence shows optochiasmatic 
region with Sylvian fissure. (e) Sagittal T2 sequence 
shows optochiasmatic, suprasellar, perimesencephalic, 
and prepontine CSF spaces

N. Kumar et al.



325

a b c
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Fig. 22.2  Contrast-enhanced spoiled gradient-recalled-
echo (SPGR) imaging shows TB optochiasmatic arach-
noiditis (OCA) and optochiasmatic tuberculoma (OCT). 
Axial SPGR contrast shows (a) exudates in optochias-
matic (bold arrow) and perimesencephalic region and 
around optic nerves (thin arrows), (b) exudates around 
optic chiasm (dotted arrows), and (c) exudates in optochi-

asmatic region and around middle cerebral artery (bold 
arrow). Coronal SPGR contrast shows (d–f) exudates in 
optochiasmatic and Sylvian fissures along with basal exu-
dates (dotted lines). Sagittal SPGR contrast shows (g) 
OCT (dotted line), (h) perimesencephalic exudates and 
tuberculoma (dotted and bold lines), (i) perimesence-
phalic exudates (dotted line)
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Fig. 22.3  Contrast-enhanced T1 and spoiled gradient-
recalled-echo (SPGR) imaging shows exudates in opto-
chiasmatic and other cisterns. Axial T1 contrast shows (a) 
exudates in Sylvian fissure (thin line); (b) OCA (bold 
arrow), perimesencephalic exudates (dotted arrow, curved 
arrow); (c) exudates in Sylvian fissure (dotted lines) and 
quadrigeminal plate cistern (bold arrows); (d) exudates in 

interhemispheric CSF space (dotted arrow) and Sylvian 
fissure (bold arrow); (e) exudates in optochiasmatic 
region, Sylvian fissure, and perimesencephalic and ambi-
ent cisterns (dotted line); (f) tuberculoma in perimesence-
phalic region (sagittal view); (g–i) exudates in Sylvian 
fissure (dotted lines)
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and 13. Matrix metalloproteinases (MMPs) 
have role in blood–brain barrier breakdown as 
well as in brain tissue damage. MMP2 and 
MMP9 are especially associated with hydro-
cephalus, tuberculoma formation, and progno-
sis. Other ILs have also been analyzed in 
various studies and were found to be raised in 
TBM [53–57].

22.4	 �Clinical Features 
and Presentation

Cranial nerve involvement is a common presen-
tation of TBM. It can appear during the initial 
presentation or as a complication later on. Even 
during treatment, paradoxical manifestation 
with the appearance of new cranial nerve defi-
cits is commonly reported. Various studies have 
shown cranial nerve involvement ranging from 
23% to 51% [16, 58–62]. The most common 
nerve to be involved is abducens [60] owing to 
its long intracranial course in the subarachnoid 
space and acute bend over petrous portion of 
temporal bone. Second common nerve affected 
is oculomotor owing to its course in basal 
region of the brain with easy susceptibility to 
exudates. Apart from the facial nerve, lower 
cranial nerve involvement has also been 
reported in literature. Some rare case reports 
have demonstrated the involvement of vestibu-
locochlear nerve too [60], but no report is pres-
ent, documenting the involvement of olfactory 
nerve.

Visual involvement is the most devastating 
and dreaded complication of TBM. Though the 
involvement of other cranial nerves improve or 
recover completely with time, the visual loss may 
persist. This disability has a profound bearing on 
patient’s personal and social life. Ocular and 
visual involvement can occur due to the involve-
ment of several structures. Ocular involvement 
may present with or without visual impairment. 
Numerous case reports and a review [63] have 
mentioned ocular involvement [64–66] as 
adnexal, lid or conjunctival disease [67, 68], 
orbital tuberculoma or abscess [69], iris nodules 
[70], ciliary mass [71], keratitis [36], uveitis [72], 

scleritis [73], choroidal tubercle [74], choroiditis 
[75], optic disk tuberculoma [76], panophthalmi-
tis [77], neuroretinitis [78, 79], and Eales disease 
[80].

In CNS TB, the visual involvement [81] may 
manifest as monocular or binocular blindness, 
optic neuritis, scotomas, concentric filed defects, 
bitemporal hemianopia, palinopsia [82], and cor-
tical blindness. The onset is usually gradual but 
may be an acute onset in few cases.

The clinical examination may reveal pupillary 
reaction abnormalities [83]; diminution of vision; 
fundus changes like choroid tubercle, papill-
edema, or optic atrophy [13]; and field defects 
such as scotoma or hemianopias. Visual axis 
involvement can be divided into anterior and pos-
terior visual pathways. Apart from orbital causes, 
other sites and etiologies of anterior visual 
involvement may be due to tubercular optic neu-
ritis, optic nerve tuberculoma [35, 84, 85], vascu-
litic infarct of optic nerve, drug induced, OCA 
[6], and tuberculomas [18, 30]. Posterior visual 
pathway involvement has been reported as optic 
tract, optic radiation tuberculoma [82, 86], and 
cortical lesions. TB OCA and OCT develop grad-
ually either during the initial course of disease or 
later on as a paradoxical manifestation. The 
visual complains are similar as discussed earlier.

The literature review shows lack of prospec-
tive studies focusing on optochiasmatic 
involvement in TBM. Most reports are as case 
reports and case series. Even studies on visual 
involvement in TBM are few. In a study by 
Aaron et  al. [87], out of 163 TBM patients, 
OCA was present in 23 patients (14%) and cra-
nial nerve involvement in 61% of these 23 
OCA patients. Associated spinal arachnoiditis 
was present in 48% of OCA patients. This 
complication of optochiasmatic involvement 
was late, and the study showed mean interval 
between the TBM diagnosis and onset of visual 
symptoms to be 6.4 (± 1.27) months. This 
delay may be due to paradoxical phenomenon. 
Visual assessment at presentation showed 
blindness (<3/60 according to WHO) in 82%, 
papilledema in 39%, and optic atrophy in 52% 
of OCA patients. Almost 43% of these patients 
were in stage III, thus associating OCA with 

22  Optochiasmatic Tuberculosis



328

advanced state of TBM. In another such study 
by Sinha et  al. [17], 101 adult TBM patients 
were evaluated for visual involvement. Around 
27% patients presented with low vision 
(between 6/18 and 3/60) or blindness (<3/60 
according to WHO). The cause for visual 
involvement was found to be OCA in 40% and 
OCT in 22%. But, radiologically, OCA was 
present in 21.8% and OCT in 17.8% of all 
TBM patients. They concluded that visual 
impairment was related with poor outcome 
either as disability or death. Moreover, base-
line cranial nerve palsies, papilledema, mark-
edly raised CSF proteins, and OCA on magnetic 
resonance imaging (MRI) were associated with 
visual deterioration during follow-up.

Paradoxical reactions and development or 
enlargement of tuberculoma is commonly 
reported [12, 15]. In a case series, Sinha et  al. 
[88] reported eight cases of paradoxical vision 
loss due to OCT developing in TBM patients 
with normal baseline visual acuity. Out of these 
eight cases, three patients were having baseline 
OCA on MRI along with normal vision. 
Paradoxical development of OCT occurred after 
a mean of 41  days. This was associated with 
severe vision loss (≤ 6/60) in six patients and 
death of two patients.

22.5	 �Diagnostic Investigations 
and Differential Diagnosis

Diagnosis of TB OCA firstly requires establish-
ment of TBM and then diagnosis of OCA.

22.5.1	 �Diagnosis of Tuberculous 
Meningitis

Clinical diagnosis of TBM requires investigative 
support too. Brain neuroimaging is an essential 
part of this diagnostic endeavor. Though MRI is 
better than computed tomography (CT), both 
these modalities are sufficient to detect hydro-
cephalous, exudates, and tuberculomas. 
Vasculitic infarcts, conglomerate granuloma, 

and abscess may be additional imaging 
findings.

CSF plays a vital role in diagnosis. Classically, 
CSF in TB is yellowish in color with raised cells 
(up to 1000), lymphocytic predominance, 
increased proteins, and decreased glucose. 
Routine microscopy may demonstrate AFB posi-
tivity on ZN staining. Culture and sensitivity are 
helpful in demonstrating mycobacterium and 
drug sensitivity. Polymerase chain reaction is 
now widely used owing to its high detection rate. 
Recently, for rapid detection of rifampicin (RIF) 
resistance, GeneXpert MTB/RIF assay is a new 
tool for the diagnosis of TB [89].

Other supportive investigations for evidence 
of TB like tuberculin test, X-ray chest, ultrasound 
abdomen, and IGRA assay may be helpful to 
some extent. Interleukins and cytokines are raised 
in TBM but due to its non-specific character, util-
ity for diagnosis is lacking.

22.5.2	 �Diagnosis of Optochiasmatic 
Tuberculosis

First clue to OCA or OCT is vision impairment, 
and complete visual assessment is an integral part 
of diagnosis of OCA.  Radiological and histo-
pathological features also support OCA 
diagnosis.

22.5.2.1	 �Visual Assessment
Visual complains of a patient is the first clue 
to OCA. Clinical examination includes visual 
acuity and fundus examination. Field charting 
can be done to ascertain the type of scotoma 
and field defects. Classical patterns of optic 
chiasm involvement is lacking as the arach-
noiditis is a diffuse process involving chiasm, 
optic nerve, and to some extent optic tracts 
too. Fundus photography and OCT help in 
evaluation of retinal layers. Visual evoked 
potential is another modality to assess the 
visual pathway and is usually abnormal in 
OCA.  Prospective study evaluating these 
parameters in OCA is lacking, and available 
literature such as case reports and case series 
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[17, 87, 88, 90] mentions only visual acuity or 
field defects.

22.5.2.2	 �Radiological Evaluation
Since 1929 when Balado gave the first descrip-
tion of OCA, the radiological diagnosis of OCA 
has changed a lot. During the initial days, indi-
rect evidence of OCA pathology was suspected 
on direct roentgenogram either as a calcifica-
tion within adhesions or an associated sinusitis 
(initially linked to OCA). Cerebral angiography 
provided no better evidence and only clue to an 
OCA pathology used to be traction and con-
striction of carotid siphon or A1 segment of 
anterior cerebral artery. Cisternography with 
radioactive human serum albumin (RIHSA) 
was used to demonstrate slowing and delayed 
circulation of CSF in anterior circulation. The 
best aid available at that time was pneumo-cis-
terno-encephalography (PCEG). The features 
suggestive of OCA were (a) a slowing or failure 
of air passage from the basal cistern into the 
subarachnoid space, (b) changes in shape and 
increase in size of the chiasmatic or interpedun-
cular cisterns and of the lamina terminalis, and 
(c) scanty or irregular filling of frontal 
subarachnoid spaces. Even these diagnostic 
findings were challenged later on owing to such 
features in normal individuals too. It was also 
postulated that arrest of air was due to Liliequist 
membrane [91].

The invention and medical use of CT pro-
vided a big boost in diagnosis of diseases. Brain 
CT was helpful in showing brain parenchyma, 
ventricles, and CSF spaces. Administration of 
contrast was vital in providing additional infor-
mation. For decades, the contrast enhanced CT 
was the imaging of choice for OCA. CT was able 
to demonstrate basal exudates and exudates in 
various cisterns including optochiasmatic region. 
Though subjective findings of basal exudates on 
CT in TBM are described in numerous studies 
and reports, objective defining criteria were 
given by Andronikou et al. [92] in 2004. Such a 
criterion exclusively for defining exudates in 
perichiasmatic region is still lacking. Out of the 
nine criteria for exudates, four are relevant for 

defining exudates in perichiasmal region, 
namely, (a) filling of cistern with contrast and 
obliteration of normal CSF space around the 
vessels, (b) double and triple line signs, (c) lin-
ear enhancement in the middle cerebral artery 
cistern, and (d) Y sign. MRI is better than CT in 
detecting parenchymal tuberculomas, hydro-
cephalus, and exudates at an earlier stage. 
Vascular anatomy and exudates in perichiasmal 
region is also better delineated. An objective cri-
terion for OCA has not been defined yet, but lit-
erature shows numerous pictures of OCA.  In a 
study by Aaron et al. [87] on TBM, 23 patients 
of OCA were found. The basal exudates, perichi-
asmal tuberculomas, and parenchymal tubercu-
lomas were detected in 87%, 13%, and 35%, 
respectively. In another study by Raut et al. [61], 
basal exudates were found in 52% cases. 
Commonly, optochiasmatic region shows exu-
dates which extend anteriorly along the anterior 
cerebral vessels and CSF space between the two 
frontal lobes, along middle cerebral artery reach-
ing as far as Sylvian fissure, in sellar and supra-
sellar region, and along the clivus to ambient as 
well as prepontine cistern (Figs. 22.2 and 22.3). 
Secondary complications like infarct and hydro-
cephalus can also be detected well on MRI. In a 
study by Anuradha et al. [93], significant asso-
ciation was found between stroke and exudates 
in and around optic chiasm, Sylvian fissure, and 
posterior fossa.

22.5.2.3	 �Histopathological Evaluation
Initially, the concept of OCA was substantiated 
and established by histopathological diagnosis 
rather than imaging. In 1945, Hartmann [81] 
published a beautiful review and description of 
histopathological findings in OCA.  Though 
chronic serous meningitis and pockets of fluid 
collection in the brain were reported in the later 
part of nineteenth century, the turning point in 
the recognition of OCA was a case reported by 
Balado in 1929 [2, 6]. Histopathological 
description of his case of bilateral primary optic 
atrophy showed a milky appearance of arach-
noid and exudates in basal region and around 
optic nerves. Optic nerve exploration showed 
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thinning and abnormal pink color. Visual acuity 
and field improved substantially in postopera-
tive period [2, 6]. In the present era, the surgical 
exploration of OCA for diagnosis is uncom-
mon. The histopathological findings can be 
summarized in three headings, namely, (a) 
arachnoid thickening and adhesions, (b) collec-
tions or exudates, and (c) optic nerve and chi-
asm atrophy. Behari et al. [18] described similar 
gross pathological findings in their study on 
sellar and suprasellar tuberculomas. The histol-
ogy showed areas of caseation with Langerhans 
giant cells, epitheloid granuloma, lymphocytes, 
and plasma cells in 50% cases.

The differential diagnosis comprises suprasel-
lar meningioma, pituitary adenoma, craniopha-
ryngioma, glioma of the chiasm, and suprasellar 
aneurysm. Other etiologies causing OCA are 
enumerated in Table 22.2.

22.6	 �Treatment  
of Optochiasmatic 
Tuberculosis

Both medical and surgical managements of opto-
chiasmatic TB are well described in literature as 
case reports and series. The outline for management 
of a case of optochiasmatic TB is shown in Fig. 22.4.

Table 22.2  Etiology and differential diagnosis of optochiasmatic involvement

Etiology Author References

Infection Syphilis Bruetsch et al. [3]
Vail et al. [94]
Bollack et al. [95]
Bruetsch et al. [4]

Tubercular Behari et al. [18]
Cryptococcal Maruki et al. [96]
Epstein–Barr virus Purvin et al. [127]
Sinus infection
Middle ear infection
Mastoid infection

Bruetsch et al. [3]

Meningeal infections Bruetsch et al. [3]

Trauma Bruetsch et al. [3]
Iraci et al. [97]

Sarcoidosis Tang et al. [98]
Hosseini et al. [46]

Multiple sclerosis Bruetsch et al. [3]
Bell et al. [99]

Pick’s disease Bruetsch et al. [3]
Rheumatic fever Bruetsch et al. [3]
Cerebral tumors Bruetsch et al.

Gruber et al.
[3]
[100]

Postsurgical Carreras et al. [101]
Differential diagnosis of optochiasmatic arachnoiditis
Suprasellar meningioma Bruetsch et al. [3]
Pituitary adenoma Bruetsch et al. [3]
Craniopharyngioma Bruetsch et al. [3]
Glioma of the chiasm Bruetsch et al. [3]
Suprasellar aneurysm Bruetsch et al.et al [3]
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22.6.1	 �Medical Management

Various medical therapies along with anti-TB 
therapy have been administered to patients on a 
case-to-case basis with mixed results.

22.6.1.1	 �Anti-TB Treatment
Anti-TB treatment for OCA and OCT is not dif-
ferent from treatment protocol for CNS TB. WHO 
recommends use of streptomycin (STR) in place 
of ethambutol (EMB) in TBM [102]. This 
replacement is even more important in cases with 
visual loss as EMB leads to optic as well as retro-
bulbar neuritis.

Similar visual involvement may occur in 
OCA, and thus EMB administration often delays 
early recognition of this condition. The duration 

of anti-TB treatment administration in OCA and 
OCT is controversial and contrary to 12 months 
of therapy in TBM [102]; the treatment is often 
prolonged in such cases sometimes even more 
than 2 years.

22.6.1.2	 �Corticosteroids
Mortality was high before the advent of STR and 
para-aminosalicylic sodium (PAS) but dropped to 
around 50% with the availability of these medica-
tions. Further efforts were made to improve out-
come by using streptokinase and surgery. 
Complications related to exudates and its relation-
ship to poor outcome lead to the use of corticoste-
roid as an adjuvant therapy as early as during the 
1950s. Anti-inflammatory and immunomodula-
tory role of corticosteroid reduces undesirable 

Tuberculous meningitis

Vision loss No vision loss

No vision loss

Anti tubercular drugs with steroids

Brain neuroimaging (contrast enhanced)

Regular vision monitoring

Paradoxical vision loss

Optochiasmatic tuberculosis Hydrocephalous No identifiable cause of vision loss

Get orbital cut MRI

Replace ethambutol

Empirically steroids

Reconsider diagnosis

Mannitol

Acetazolamide

Shunt surgery

Endoscopic third
ventriculostomy

Steroid prolongation

Methyl prednisolone

Thalidomide

Surgery

Fig. 22.4  Management algorithm for optochiasmatic tuberculosis
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effects of host factors. In a study by Shane et al. 
[103] in 1956, survival improved to 92% with 
usage of corticosteroids along with antimicrobi-
als. Earlier debates regarding decreased penetra-
tion of drugs and suppressed host immunity with 
use of corticosteroids eventually ceased. More 
and more studies advocated its routine use in chil-
dren and adults [104–107]. Ultimately, a Cochrane 
review in 2008 clearly showed benefits of cortico-
steroids in reducing deaths and severe disabling 
neurological deficits.

In cases with optochiasmatic involvement, 
corticosteroids have been used either as dexa-
methasone or as a pulse therapy of methylpred-
nisolone [9, 12, 31]. In most cases, beneficial 
effects were seen with this adjuvant therapy, and 
visual outcome was good. A prospective study 
evaluating effects of this adjuvant therapy in 
OCA is lacking.

22.6.1.3	 �Thalidomide
Thalidomide use as hypnotics soon landed into 
controversy due to phocomelia in about 10,000 
newborns. The drug was withdrawn completely 
within 5 years. It took many years to establish its 
role as an immunomodulator in other diseases 
(erythema nodosum leprosum and multiple 
myeloma) [108]. With better understanding of 
pathophysiology of TBM, role of TNF-α, inter-
leukins, and cytokines became established. Less 
than expected benefits of corticosteroid prompted 
a search for other drugs. The role of thalidomide 
in inhibiting TNF-α production prompted its use 
in TBM.  In an animal study [109], thalidomide 
showed better outcome and protective effects on 
rabbit infected with mycobacterium. It also 
reduced TNF-α levels in blood and CSF in a 
dose-dependent manner. This was followed by an 
open-label pilot study by Schoeman et al. [110] 
in children with TBM.  In enrolled 15 patients, 
CSF levels of TNF-α decreased, basal exudates 
decreased at 1  month, infarcts reduced, and 
hydrocephalus could be managed medically only. 
This study inspired the authors to go for a ran-
domized controlled trial, which was stopped pre-
maturely due to greater side effects and 
unexpected deaths in thalidomide arm [111]. 
Later on, Tsenova et al. [112] showed promising 

effects of IMiD3 (a thalidomide analogue) on 
experimental rabbit models of TBM. It resulted 
in reduced CSF levels of TNF-α, reduced CSF 
leukocytosis, and lesser pathological effects on 
the brain. This drug was well tolerated and free 
from teratogenic effects too. Initial results of tha-
lidomide use in stage II and III showed improve-
ment with decreased exudates and complications. 
Optochiasmatic involvement is a result of 
increased basal exudates. In 2004, Roberts et al. 
[27] reported two cases of CNS tuberculomas 
with one being disseminated TB with OCT. 
Despite drug compliance and steroids, her vision 
deteriorated due to enlarging OCT. The institu-
tion of thalidomide at a twice daily dosing 
(50 mg) for more than a year showed promising 
results and improvement in vision. The radiologi-
cal resolution was also dramatic. In 2006, 
Schoeman et al. [113] reported four cases respon-
sive to thalidomide. One of these patients devel-
oped visual loss while on treatment for 
TBM. Thalidomide was started when the patient 
deteriorated despite anti-TB treatment and ste-
roids. The clinical and visual improvement was 
dramatic with vision recovering from perception 
of light (PL) to right eye (RE) (6/24) and left eye 
(LE) (6/5). In 2009, Stefan et  al. [20] reported 
another such case. The reported child was suffer-
ing from acute lymphoblastic leukemia, which 
was under remission, but developed TBM with 
OCA.  Thalidomide administration improved 
vision from absent PL to RE (FC) and LE (6/30). 
In 2010, Schoeman et al. [114] again showed the 
usefulness of thalidomide in four cases of TBM 
with OCA. All the cases except one regained 6/6 
vision and excellent radiological improvement.

Thus, this literature review supports the utility of 
thalidomide as a suitable adjuvant to anti-TB treat-
ment and steroids in cases with OCA. Randomized 
controlled trials are required to substantially prove 
its role in a robust scientific manner.

22.6.1.4	 �Streptokinase
The need of adjuvant therapy was soon recog-
nized after less promising effect of STR. Cathie 
et al. [115] and Lorber et al. [116] used streptoki-
nase to decrease the fibrinous exudates and pre-
vent complications associated with CSF passage 
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blocks. Soon it was noticed that the effect of 
intrathecal streptokinase was minimal and asso-
ciated with side effects [117]. Further availability 
of PAS and isoniazid (INH) lead to improved sur-
vival and thus terminated the use of 
streptokinase.

22.6.1.5	 �Hyaluronidase
In 1956, Owens et al. [118] studied and published 
their study on intrathecal effects of hyaluronidase 
in rhesus monkeys. The nontoxic tolerable effects 
paved the way for future usage. In 1979 and 
1980, Gourie et al. showed its beneficial effect in 
both spinal and cranial arachnoiditis [119, 120]. 
Though isolated case reports of hyaluronidase 
use in hydrocephalus were mentioned earlier in 
the literature, this series was the largest of such 
sort. The use of hyaluronidase in OCA was also 
established in this study with good results. Out of 
seven patients with visual loss, three showed 
good improvement with administration of intra-
thecal hyaluronidase. A lack of further studies 
and clinical use questions its utility at present 
times.

22.6.1.6	 �Interferon and Infliximab
Though other adjuvants like interferon-γ [121] 
and infliximab [122] have been used in compli-
cated cases of TBM, its use in OCA has not been 
reported.

22.6.2	 �Surgical Management

Surgery in TBM is required in selected cases of 
hydrocephalus, TB abscess, and tuberculoma. 
Nowadays, surgical intervention for OCA is 
rare, but previously, surgery was common in 
such cases. Balado et  al. [2] reported the first 
case of postsurgical visual improvement in an 
OCA. In a study by Dickmann et al. [123], out 
of 47 operated OCA cases, only 19 could be fol-
lowed, in which visual improvement or stabili-
zation occurred in 37% (7/19) cases. Though 
TB etiology was suspected and was one of the 
differential diagnoses of OCA, it was not until 
1951 when the first case of tubercular OCA was 
published. In 1951, Yuhl et al. [6] reported the 

first case of TB OCA with visual involvement, 
which was operated but death could not be 
averted owing to disseminated TB status. 
Surgical intervention for TB OCA decreased 
with time due to better anti-TB drugs. The 
visual involvement still occurs, largely as a par-
adoxical phenomenon and less commonly as a 
presentation of TBM.  In a case series of eight 
patients, Navarro et al. [34] showed full visual 
recovery in all cases of TB OCA after the micro-
surgical release of adhesions around optochias-
matic region preceded by the ventriculoperitoneal 
shunt. In a recent study by Behari et  al. [18], 
operative interventions were done in eight cases 
of sellar and suprasellar tuberculoma with basal 
exudates and arachnoiditis. The postoperative 
result showed visual improvement in four of 
five cases with visual involvement.

Evidence from case reports and case series 
definitely shows the good visual outcome of sur-
gical interventions, but a randomized controlled 
trial is needed [124]. Till then surgery can be per-
formed on a case-to-case basis depending upon 
drug response, visual involvement, and the 
amount of OCA and perichiasmal tuberculomas.

22.7	 �Prognosis

CNS TB is considered the severest form of extra-
pulmonary TB. The morbidity and mortality are 
greatest in stage III patients. In a study by Sharma 
et  al. [16], poor prognosis was significantly 
higher in patients with cranial nerve deficits. 
Higher CSF protein is associated with hydro-
cephalus leading to a relatively poor outcome 
[125].

The visual prognosis depends upon the base-
line presence of basal exudates, papilledema, 
OCA or OCT, and severely raised CSF proteins 
[88]. In a study by Anuradha et al. [93], stroke 
was significantly associated with stage III and 
visual loss. Raut et al. [61] showed hydrocepha-
lus to be higher in patients with cranial nerve 
deficits, papilledema, basal exudates, and visual 
impairment.

In the summarized table (see Table  22.1), a 
total of 122 reported cases of OCA and OCT 
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were described. No outcome details were avail-
able for 37 patients. Out of 85 patients with avail-
able outcome data, 68 patients showed 
improvement in vision, 14 patients showed no 
improvement, and death occurred in only three 
cases. Thus this review of cases of OCA and 
OCT shows good outcome with appropriate and 
timely treatment.

22.8	 �Future Research

As vision is the most important of all the special 
sense of body, preservation of its function is of 
utmost importance. Early recognition and reli-
able predictors of its affection is required. Greater 
role of CSF biomarkers like cytokines and inter-
leukins may be evaluated in future studies.

Regular imaging follow-up may detect OCA 
at an earlier stage. Low threshold for repeat imag-
ing in cases with visual involvement may detect 
the paradoxical development of OCA and OCT.

Further, guidelines for steroid dosage and 
duration and institution of other drugs like tha-
lidomide, interferon, and infliximab are required. 
A guideline regarding timing and approach of 
surgical intervention is the need of the hour.
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23.1	 �Introduction

Tuberculosis (TB) is a disease with exuberant 
body tissues being involved and can show 
unexpected ways of clinical presentation, 
especially in developing countries wherein it 
is rampant. The primary involvement of 
peripheral nerves must be considered as 
peripheral neuropathy (PN) due to TB may not 
be always iatrogenic [1–4]. Retrospectively, 
an expected good outcome to anti-TB therapy 
confirms the diagnosis of TB [1–4]. High 
degree of suspicion in such TB cases is 
required with unexpected ways of presenta-
tion. Prompt diagnosis and timely inception of 
anti-TB therapy can help prevent complica-
tions like PN and, thus, avoid unwanted sur-
geries in such patients.

23.2	 �Histology of Normal 
Peripheral Nerve

Each peripheral nerve (spinal or cranial) is made 
of bundles of nerve fibers (axons) which may be 
nonmyelinated axons and/or myelinated axons. 
The axons which are myelinated are surrounded 
by a multilayered myelin sheath. The Schwann 

cells cover the nerve fibers, and each Schwann 
cell contains one myelinated fiber or several non-
myelinated fibers [5].

The bundles are held together by connective 
tissue which provides structural support as well 
as nutritional support by carrying blood vessels 
to nerve fibers. The connective tissue framework 
is well appreciated in cross section of a nerve, 
where the following structures can be observed 
(Fig. 23.1) [5]:

Epineurium: dense connective tissue surrounding 
the entire nerve

Perineurium: a sleeve of flattened specialized 
epithelial cells surrounding the bundles of 
nerve fibers

Endoneurium: loose connective tissue composed 
of reticular fibers supporting individual  
nerve fibers

23.3	 �Peripheral Neuropathy

23.3.1	 �Introduction to Peripheral 
Neuropathy

The disease or harm affecting the peripheral 
nerves, which curtails the normal functions of 

Epineurium

Perineurium

Endoneurium

Bundle of nerve fibres

Blood vessel

Fig. 23.1  Normal 
histology – pictorial 
representation: transverse 
cut section of a peripheral 
nerve
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organs/glands or other health aspects like loco-
motion, which is related to the type of nerve 
affected, is called PN. The systemic diseases like 
leprosy and diabetes, deficiency of vitamins, 
drugs like chemotherapeutic agents, radiation 
treatment, trauma, extreme alcoholism, impaired 
immune system, celiac disease, or infections 
caused by viruses are common etiologies of PN.

•	 PN is of two types: genetic (present since 
birth) or idiopathic (unknown cause) [6, 7].

–– PN can also be classified as follows [6–8]:
	1.	 PN wherein just one nerve is involved is 

called “mononeuropathy.”
	2.	 PN affecting multiple or numerous nerves 

in almost the same areas on both the body 
sides is called “symmetrical polyneurop-
athy” or simply “polyneuropathy.”

	3.	 PN is called as “mononeuritis multi-
plex,” “multifocal mononeuropathy,” or 
“multiple mononeuropathy,” when two 
or more discrete nerves in different 
areas of the body are involved.

–– PN can also be classified as:

	1.	 Acute PN (an acute neuropathy with sudden 
occurrence, fast progression, and slow resolu-
tion). Acute neuropathies need prompt 
diagnosis.

	2.	 Chronic PN (a chronic state wherein clinical 
symptoms of neuropathy occur and progress 
slowly).

Sensory nerves that carry body sensations to 
organs/tissues, motor nerves which facilitate muscle 
activity, and autonomic nervous system which helps 
facilitate heart rate, temperature of the body, and res-
piration can be involved by PN.  Simultaneously, 
more than one type of nerve can be involved by PN.

PN affecting the motor nerves can cause 
body cramps, twitching of muscles, muscle 
atrophy, and degeneration of tissues like 
bones/skin/hair/nails. Also weakened mus-
cles, faulty body balance/posture, and incoor-
dination are the result of PN affecting the 
motor nerves.

Sensory neuropathy results in loss of touch/
vibration/position sense causing improper coor-
dination, impaired sensitivity to change in tem-
perature, tingling, and burning sensation of the 
body with pain sensation even on non-painful 
light touch stimuli called allodynia.

PN affecting autonomic nervous system 
causes varied symptoms, based on the type of 
glands/organs which are involved, but commonly 
seen are improper control of urinary bladder, 
altered blood pressure or heart rate, and decreased 
normal capacity to sweat [6–8].

23.3.2	 �Signs and Symptoms 
of Peripheral Neuropathy

The expected normal functions of peripheral 
nerves are affected by diseases or improper func-
tioning of the respective nerves. The signs and 
symptoms are different based on the type of the 
nerve fiber that is affected.

PN affecting the sensory nerve function com-
monly includes the following:

•	 Functional loss or “negative” symptoms: 
impaired gait and body balance and numbness 
of limbs

•	 Functional gain or “positive” symptoms: 
pricking kind of pain, itching, tingling sensa-
tion, and crawling sensation [9]

PN affecting the motor nerve function com-
monly includes the following:

•	 Functional loss or “negative” symptoms: mus-
cle loss, body weakness, easy fatigability, and 
gait problems

•	 Functional gain or “positive” symptoms: mus-
cle cramps and twitching of muscles [10]

Generally in nerve length-dependent PN, 
abnormal altered sensation and pain occur sym-
metrically and usually affect the ends of long 
nerves such as those at distal ends of lower limbs. 
Also important to note is the fact that sensory 
signs and symptoms due to PN usually precede 
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motor signs and symptoms such as muscle 
weakness [11]. PN affecting “nerves of the auto-
nomic nervous system” causes symptoms like 
micturition difficulty, standing posture induced 
whirling sensation, hard stools, and xerostomia 
[10].

23.3.3	 �Diagnosis of Peripheral 
Neuropathy

When a patient presents with clinical signs and 
symptoms such as pricking pain sensation and 
limb weakness, PN must be taken into consider-
ation. On ruling out CNS lesions by appropriate 
investigations like CT brain or MRI brain, the 
diagnosis of PN must be favored based on clini-
cal/family history, lab investigations, and detailed 
checkup [11]. The patients who have generalized 
neuropathies generally have loss of distal motor/
sensory neural functions, although patients with 
peripheral nerve lesions may apparently appear 
normal.

There are inflammatory neuropathies like 
GBS which cause proximal weakness, while in 
mononeuropathies, there are focal sensory/motor 
disturbances. Typically, in PN, ankle jerk reflex is 
absent [11].

The physical exam of the patient must be 
done. One must look out for feet ulcerations apart 
from absent deep ankle reflex.

When large nerve fiber-related PN occurs, 
the physical examination reveals reduced sensa-
tion of light touch/vibration sense. Reduced 
sensation to vibration sense is elicited by tuning 
fork test using a 128-Hz tuning fork. Other 
advanced tests like EMG and NCS can help 
examine the large myelinated nerve fiber func-
tion [11].

The PN due to autonomic nervous system 
dysfunction tends to affect the tiny thin and non-
myelinated nerve fibers, and such affection 
causes small-fiber PN. Sweat test and tilt-table 
tests can be used to diagnose PN due to small 
nerve fiber involvement. A skin biopsy of 3 mm 
thickness from calf muscle is taken to measure 
the skin intraepidermal nerve fiber density 
(IENFD), that is, the nerve density in the outer 

skin layer (epidermis) is measured [9]. The 
decreased small nerve fibers in the epidermis 
help in diagnosing the condition of small-fiber 
PN.

Laboratory work-ups include CBC, vitamin 
B12 assays, levels of thyroid-stimulating hormone 
(TSH), metabolic work-up to screen for diabetes 
and prediabetes, and serum immunofixation test to 
test for antibodies present in blood [10].

23.3.4	 �Causes of Peripheral 
Neuropathy

The causes of PN are broadly narrated as 
follows:

•	 Genetic disorders: Charcot-Marie-Tooth dis-
ease [12], hereditary neuropathy with 
increased chances of pressure palsy, and 
Friedreich’s ataxia.

•	 Toxic causes: drugs overdose (statins, 
phenytoin, vincristine, metronidazole, nitrofu-
rantoin), ethyl alcohol [13, 14], organic herbi-
cides, organic/heavy metals, and excess 
vitamin B6 intake. Long-term linezolid treat-
ment can also cause PN.

•	 Adverse outcome of fluoroquinolones: associ-
ated with irreversible neuropathy [15].

•	 Metabolic and endocrine disorders: liver fail-
ure, porphyria, amyloidosis, hypothyroidism, 
diabetes mellitus [16], and chronic renal 
failure.

•	 Vitamin deficiency conditions: vitamin B1 
(thiamine), vitamin B12 (methylcobalamin), 
vitamin E, and vitamin A.

•	 Inflammatory diseases: SLE, GBS, multiple 
sclerosis, leprosy, Sjögren’s syndrome, Lyme 
disease, babesiosis, and sarcoidosis [17].

•	 Traumatic conditions: projectile injuries 
(including gunshot injuries), strokes, 
prolonged blood flow occlusion, cutting, com-
pression, pinching, and lightning strikes.

•	 Agent Orange exposure [18].
•	 Chemotherapy-induced PN [19].
•	 Other causes: electric shock injury, HIV [20], 

radiation therapy, malignant conditions, shin-
gles, and TB [1–4].
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23.4	 �Peripheral Neuropathy 
Due to Tuberculosis

23.4.1	 �Introduction to Tuberculosis-
Related Peripheral 
Neuropathy

One out of three individuals in the world is 
affected by TB.  It is a leading cause of human 
morbidity and mortality which mostly present 
with cervical lymphadenopathy [21]. TB, a dis-
ease caused by Mycobacterium tuberculosis, is 
an infectious disease that continues to be a sig-
nificant health problem in a developing country 
like India [22].

Early diagnosis for strategic management 
requires high index of clinical suspicion and sys-
tematic patient work-up. The usual diagnostic 
methods employed worldwide are histopathol-
ogy, smear microscopy/fine-needle aspiration 
cytology (FNAC), and mycobacterial culture on 
biopsy [22].

TB is a chronic granulomatous disease. 
Granuloma is a collection of epithelioid cells. 
Granulomatous inflammation in histopathology 
means central caseation necrosis surrounded by 
epithelioid cells, Langhans giant cells, foreign-
body giant cells, and peripheral rim of lympho-
cytes which are surrounded by fibroblastic 
proliferation.

Lymphadenitis with granulomas can be seen 
in numerous conditions like sarcoidosis, lympho-
mas, carcinoma, sarcoma, fungal infections, 
toxoplasmosis, cat-scratch disease, inflammatory 
bowel diseases, collagen-vascular disorders, and 
reticuloendothelial system-related disorders. 
Ziehl-Neelsen (ZN) stain in FNAC and its modi-
fied version of Fite-Faraco stain for tissue/biopsy 
help highlight the acid-fast bacilli (AFB) in such 
cases. However, little is known about primary 
involvement of PN due to TB [22].

TB neuropathy has been reported in optic 
nerve, cranial nerve II, but very few reports exist 
on TB-related PN [23–25]. PN is a unique and 
unusual presentation of TB.  Important differen-
tial diagnoses of the TB-related PN are sarcoid-
osis, leprosy, external jugular vein thrombosis, 
and lymphadenitis (specific/nonspecific). PN due 

to TB is under-reported due to lack of awareness 
because leprosy comes first to mind rather than 
TB.

The cause of PN associated with TB is contro-
versial. The possible etiologies include toxic reac-
tions of anti-TB therapy, especially with rifampicin 
(RIF), pyrazinamide (PZA), isoniazid (INH) and 
ethambutol (EMB). Also direct invasion of nerves, 
immune-mediated damage and neuropathy, vascu-
litic and compressive neuropathy, and meningitic 
reaction are possible causes [1–5].

23.4.2	 �Tuberculosis-Related 
Peripheral Neuropathy: 
Reported Manuscripts

23.4.2.1	 �Tuberculosis Affecting  
Sural Nerve

Orrell et  al. (2002) reported the first case of 
peripheral nerve/right sural nerve granuloma in a 
TB patient of African origin, living in England 
[1]. The patient was a 23-year-old gentleman 
who had pricking sensation in his soles that prop-
agated to his toes. His condition worsened in a 
month of follow-up with bilateral foot drop, 
numb toes, and weakened ankles. Further after 
three months, the patient noticed right-sided cer-
vical lymphadenopathy and a liver mass. Various 
clinical neurological tests and lab tests were con-
ducted. EMG revealed lower limb involvement of 
distal sensory and motor axonal polyneuropathy.

Neck lymph node biopsy revealed many large 
caseating TB granuloma with modified ZN stain 
contributory for AFB.  The biopsy of the sural 
nerve conducted to assess the inflammatory/vas-
culitic component to neuropathy revealed nonca-
seating TB-related granuloma with inflammation 
and without giant cells. ZN stain was not con-
tributory for AFB in the sural nerve. There was 
marked immunostaining for CD-4 T-lymphocytes 
and also for CD-68 cells in the area of granuloma 
which is a macrophage-monocyte marker. The 
lymphocytes were also sparsely immunostained 
with CD-8. They started the patient on anti-TB 
therapy, and patient’s peripheral nerve condition 
improved significantly later on follow-up-based 
clinical tests.
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This patient’s report described the rare caseat-
ing TB granulomas in the right sural nerve with 
subsequent TB lymphadenopathy. The TB-related 
PN was seen before anti-TB therapy was started. 
The delayed hypersensitivity reaction without 
specific indication of PN mechanism was sug-
gested as the pathological explanation for the 
patient’s problem.

This case infers that cervical TB lymphade-
nopathy may clinically present after TB-related 
PN. Starting the patient on anti-TB therapy is the 
ultimate remedy for such cases. Biopsy of sural 
nerve was instrumental for diagnosis of 
TB-related PN. Systematic work-up leads to best 
management in such cases.

23.4.2.2	 �Tuberculosis Affecting 
Phrenic Nerve in Children

In a South African-based, case series study by 
Goussard et  al. (2009), pediatric phrenic nerve 
palsy was related to be associated with confirmed 
cases of intrathoracic TB [4]. In this case series 
of eight cases, pediatric phrenic nerve palsy was 
associated with phrenic nerve infiltration after 
TB lymphadenitis. TB lymphadenitis was con-
firmed by culture studies, and Mycobacterium 
tuberculosis was the bacteria cultured in all of the 
eight cases.

Elevated diaphragm on chest X-ray along with 
left upper lobe consolidation was seen in all the 
eight cases studied. Chest fluoroscopy studies 
helped confirm the phrenic nerve palsy. On 
CT-chest study, left-sided hilar and paratracheal 
lymph glands were enlarged along with right-
sided mediastinal displacement.

Two out of the eight pediatric cases had com-
plication of respiratory failure requiring intensive 
respiratory support. Five out of the eight pediatric 
cases continued to remain symptomatic after 
anti-TB therapy for which corticosteroids were 
supplemented in the first month on their respec-
tive admission. In all five cases, diaphragmatic 
plication was done.

On proper follow-up, two out of the eight 
pediatric cases had repeated respiratory tract 
infections due to underlying lung damage, while 
the remaining six were found to be 
asymptomatic.

In conclusion, in cases of pediatric TB, look 
for chest or other CNS complaints. CT-chest and 
chest X-ray can show mediastinal shift and dia-
phragmatic changes related to phrenic nerve 
palsy. Phrenic nerve palsy is confirmed on 
fluoroscopy.

23.4.2.3	 �Tuberculosis Affecting 
Peripheral Nerves of Both 
Lower Limbs

Naha et  al. (2011) illustrated the need to keep 
high degree of clinical suspicion for TB in mind, 
in patients with unexplained PN when associated 
with systemic symptoms of TB.  They also 
inferred that the disseminated TB cases can pres-
ent unusually with associated breast lump with 
positive AFB in breast lump FNAC along with 
sputum AFB smear positivity [26].

A 25-year-old human immunodeficiency 
virus (HIV) sero-negative housewife from 
Karnataka, India, came with complaint of burn-
ing sensation in both feet for previous 15 months. 
She had weight loss and fever for six months. 
She also had a palpable left breast lump from 
30 days.

On physical examination, allodynia and 
hyperesthesia were noted over the lower 
extremities. Sensory neuropathy was con-
firmed by NCS. Chronic axonopathy was diag-
nosed on nerve biopsy study. Palpable left 
breast lump aspirate and sputum were positive 
for AFB.

Patient was a case of disseminated TB with 
bilateral distal lower limb PN (exact nerve not 
quoted in this literature but may be sural nerve 
was involved bilaterally). The disseminated TB 
patient responded well to anti-TB therapy, later 
with subsequent disappearance of tingling sensa-
tion and other systemic symptoms.

In conclusion, disseminated TB may have 
unusual presentation and needs proper work-
up as complaints of PN may follow other clin-
ical signs and symptoms like chest complaints, 
lymphadenopathy, weight loss, low-grade 
fever, and even unusual breast lump due to 
TB. With disseminated TB, HIV testing is 
a  must due to frequent association  
with TB.
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23.4.2.4	 �Tuberculosis Affecting 
Median Nerve

Poulose et al. (2011) reported a TB case affecting 
the median nerve in Kerala, India [27]. A 21-year-
old female patient presented with slow-growing, 
left forearm swelling on volar aspect of 10-week 
duration, extending into the wrist measuring 
around 5 cm × 2 cm. Marked tingling sensation 
was seen along the distribution course of the left 
median nerve. There were no distal neurological 
deficits.

The local ultrasonography (USG) of the swell-
ing had revealed features suggestive of chronic 
tenosynovitis. Local MRI was done which 
showed raised uptake in STIR and TIW images 
with altered signal along the course of the median 
nerve reaching up to carpal tunnel. On preopera-
tive exploration, median nerve was thickened, 
and there was left median nerve which was insep-
arable from the soft tissue swelling (Fig. 23.2). 
With these intraoperative findings, peripheral 
nerve tumor like schwannoma/neurofibroma 
became the operative diagnosis; however, the 
affected nerve was not resected.

On cutting the affected median nerve longitu-
dinally, on operation table, the findings noted 
were of thickened nerve sheaths with granular 
material within it. The granular material within 
the nerve substance was sent for histopathology. 
The surgeons planned for second definite surgery 
after histopathology report. Biopsy revealed fea-
tures of caseating chronic granulomatous lesion 

consistent with diagnosis of peripheral nerve 
TB. They suggested that it must be due to direct 
infiltration of median nerve by TB bacilli. The 
patient responded well to anti-TB therapy, and 
there was subsequent disappearance of tingling 
sensation and other symptoms. The TB-related 
PN was before anti-TB therapy was started and it 
subsided with this therapy.

In conclusion, intra-operative alertness is 
required with high degree of suspicion and 
biopsy rather than nerve resection is important 
here in such cases, since hateful surgery is a 
total waste.

23.4.2.5	 �TB Affecting Greater 
Auricular Nerve (GAN): First 
Reported Case

In 2014, I came across a single, discrete cervical 
nerve affected by TB after TB lymphadenitis, 
which is the first case with TB-related PN involv-
ing a cervical based peripheral nerve [2]. In our 
patient, the neuropathy preceded the anti-TB 
therapy. The primary involvement of peripheral 
nerves must be considered as PN due to TB may 
not be always iatrogenic.

A 69-year-old female presented with left-
sided neck swelling since 13  months and pain 
over the swelling since one week. She also com-
plained of progressive weight loss for the last six 
months. On examination, a single, 9 × 2 × 1 cm 
firm, tender, tubular swelling was noted over the 
left side of the neck. The chest X-ray and neck 
X-ray were normal. Neck USG report was suspi-
cious of thrombosed retromandibular vein, and 
non-contrast computed tomography (CT) of the 
neck was indicative of thrombosis of the left 
external jugular vein. CT chest revealed no spe-
cific finding like lung consolidation, pleural effu-
sion, or malignancy. USG abdomen and CT 
abdomen performed for the presence of lymph-
adenopathy or any other mass lesion revealed 
mild hepatomegaly with no evidence of primary 
malignancy.

With the suspicion of a cervical vascular 
lesion, FNAC study of the swelling was not per-
formed. Based on the clinical and radiological 
findings, this patient was operated under general 
anesthesia. The excised mass from the left side of 

Fig. 23.2  Preoperative findings  – thickened median 
nerve of left upper limb

23  Peripheral Neuropathy Due to Tuberculosis



346

the neck was sent for histopathological study 
(Fig. 23.3). On gross examination, the specimen 
consisted of a single cord-like tubular tissue of 
size 9  ×  2  ×  0.5  cm, with an irregular mass 
adhered to its center with minute yellowish, 2–3 
mm-sized tiny nodules on the external surface.

On hematoxylin and eosin (H&E) staining, 
caseating epithelioid cell granulomas were iden-
tified in the lymph nodes, the nerve substance, 
and the surrounding tissue. Special stains for 
AFB performed on the lymph node and the nerve 
were negative. With characteristic microscopic 
features, the final impression given was TB 
lymphadenitis with perineuritis and nerve granu-
loma (Fig. 23.4). TB specialists started the 
patient on anti-TB therapy based on the histo-
pathological report and their clinical suspicion.

During follow-up at three months, local 
examination revealed no pain or residual swell-
ing in the neck, and the patient responded well to 
anti-TB therapy. On follow-up at six months, the 
patient had no recurrent swelling and had 
regained the lost body weight with a sense of 
well-being. However, because of nerve resec-
tion, she developed postoperative sensory deficit 
over the region supplied by greater auricular 
nerve (GAN), i.e., the skin present over the 
parotid gland, both the aural surfaces and the 
corresponding mastoid process.

In conclusion, neck swelling can present with 
GAN-related neural pain rather than palpable TB 

Fig. 23.3  The dissected cord-like structure with minute 
2–3 mm nodules on the external surface

Fig. 23.4  Caseating 
granulomas in the nerve 
fascicles and surrounding 
lymphoid tissue 
[hematoxylin and eosin 
(H&E), ×100], thin arrow 
denotes perineurium, while 
thick arrow shows 
uninvolved nerve fascicle. 
Inset (H&E, 400) – 
granuloma with Langhans 
giant cell inside the nerve 
substance proper
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lymphadenopathy and without any findings sug-
gestive of TB or other granulomatous lesion 
somewhere else in the body. Lack of preoperative 
documentation of the evidence of TB can be a 
problem in such cases. Wrong work-up or diag-
nosis like CT-diagnosed neck vascular lesion can 
make doctors apprehensive of advising FNAC or 
biopsy. Here patient had preoperative examina-
tion followed by nerve resection or excisional 
biopsy after ruling out the vascular lesion on the 
operation table. The resected GAN, neural tissue 
revealed TB granulomas within the neural sub-
stance and within the surrounding lymph nodes. 
The patient had responded well to anti-TB ther-
apy, but due to GAN resection, the patient had 
sensory deficit locally over the area supplied by 
GAN. Ideally, CT neck should have been reported 
twice with a senior radiologist’s opinion in such a 
case. In this case, after alleged minute regional 
cervical lymphadenopathy, GAN got involved 
after perilymphadenitis.

23.4.2.6	 �Tuberculosis Affecting 
Greater Auricular Nerve 
(GAN): Second Reported 
Case

In 2015, Chaurasia et  al. from Varanasi, Uttar 
Pradesh, India, reported the second case of GAN/
cervical nerve involvement in a 30-year-old man 
[28]. Clinically the patient had a tubular shaped 
swelling in the right side of the neck, which 
proved to be TB neuritis involving GAN, patho-
logically. This patient had tubular, cord-like, sub-
cutaneous tender lump in the right side of the 
neck measuring 4 × 1.2 cm along with same sided 
reddish discoloration of the cheek, which was 
involved along the distribution/supply of anterior 
and posterior branches of GAN.  It had caused 
impaired pain and temperature sensations on cor-
responding area. Clinically leprous neuritis and 
external jugular vein thrombosis were the differ-
entials that were thought.

USG neck report suggested it as superficial 
GAN/nerve thickening. Then multidrug therapy 
for leprosy was given to patient without clinical 
improvement. The USG neck ruled out possibility 
of any vein thrombosis. FNAC advised from the 
neck lump was diagnostic as patient was not will-

ing for a biopsy. FNAC from the cervical nerve 
revealed tuberculous caseating granuloma, with 
positive AFB on ZN staining. The patient showed 
good response on anti-TB therapy.

In conclusion, in this case, no response to 
multidrug therapy for leprosy, FNAC smear 
showing caseating epithelioid cell granuloma, 
and positive AFB stain on ZN staining helped 
diagnose the case. Here without biopsy, FNAC 
and good response to anti-TB therapy retrospec-
tively helped confirm the diagnosis of TB-related 
GAN involvement.

23.4.3	 �Tuberculosis-Related 
Peripheral Neuropathy: 
Associated Findings 
and Discussion

Lymphadenitis is the most frequent presentation 
of extrapulmonary TB.  Cervical lymph nodes 
are the commonest lymph nodes to get involved 
and present as a neck mass [29, 30]. However, 
cervical nerve involvement associated with cer-
vical lymphadenitis is rarely quoted in literature. 
True infectious diseases of peripheral nerves are 
rare. PN commonly occurs following exanthem-
atous fevers and as a complication of various 
acute bacterial infections [31, 32].

One of the commonest causes of PN is lep-
rosy. In lepromatous leprosy, there is peripheral 
nerve infiltration by lepra bacilli along with 
inflammatory cells and fibroblastic growth result-
ing in fusiform enlargement of the affected 
nerves. The peripheral nerve involvement in 
tuberculoid leprosy is due to acute neuritis [33].

Neuropathy in patients with TB was in the 
past mostly related to chronic alcoholism, malnu-
trition, anti-TB therapy [34], and meningitis-
related radiculopathy [31, 34].

In TB, cellular response comprises of macro-
phages and lymphocytes (TH1). The accumulated 
macrophages transform to epithelioid histiocytes 
by interferon gamma, secreted by TH1 lympho-
cytic cells and characterized by granulomatous 
response of TB [33]. It is unknown as to how the 
caseating neural granulomas are related to the 
symptoms and signs of PN.  Possible etiologies 
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include vascular effect or nerve compressive 
effect or cytokine-mediated nerve damage and 
subsequent PN.

Peripheral nerves can be directly affected by 
TB. PN can be due to pressure effects on periph-
eral nerves and toxic neural damage caused by 
TB exudative fluid [34]. PN is a unique and 
unusual presentation of TB and is attributed to 
compression by vertebral collapse or cold abscess 
according to Naha et  al. [26]. They have con-
cluded that advanced studies are required to 
understand the neurotoxicity-based mechanism 
in TB and thus pinpoint the exact mediators. 
Nerve involvement secondary to regional TB 
lymphadenitis is reported by Goussard et al. [4]. 
They have published a case series involving eight 
pediatric cases of phrenic nerve palsy caused by 
TB lymphadenitis and its subsequent phrenic 
nerve infiltration. According to them, nerve com-
pression by inflammatory granulomatous tissue 
is responsible for PN.

TB neuritis occurring after starting anti-TB 
therapy has been studied, especially by INH and 
EMB drugs [35, 36]. INH has propensity to 
combine with pyridoxine (vitamin B6) causing 
the deficiency of the latter. This results in pyri-
doxine deficiency-related neuropathy that is 
prevented by coadministration of pyridoxine 
with INH during anti-TB therapy. Neuropathies 
are known to occur with EMB and streptomycin 
(STR) combination. Retrobulbar toxic neuropa-
thy is caused by EMB drug which has propen-
sity to cause distal sensory PN, which is more 
often reversible. STR is vestibulotoxic but does 
not cause PN [36].

The association of TB with GBS is not clearly 
known. There are very few reports of these two 
conditions coexisting in a single patient [32]. In 
HIV, Mycobacterium avium-intracellulare has 
been isolated as a causative factor of HIV-related 
PN [37]. Lana-Peixoto et  al. (1980) described 
isolated caseating tuberculous granulomata 
involving the optic nerve in a TB patient [38].

Rarely, PN can be a manifestation seen with 
sarcoidosis. Epineural noncaseating granulomas 
may be elicited. Sarcoidosis and TB may coexist 
rarely, that is, after steroid therapy for sarcoid-
osis, TB can occur [39]. The proper anti-TB 

therapy response may make doubtful associated 
condition of sarcoidosis as unlikely in TB neuri-
tis patients [40].

23.4.4	 �TB-Related Peripheral 
Neuropathy: Treatment

The treatment of PN is related to treating the 
underlying etiology on finding out the same on 
prompt basis. Blood sugar estimation tests are 
must if PN is due to diabetes or in Pre-diabetes. 
Strict control of blood sugar levels can better the 
outcome of PN in prediabetes. Intravenous 
immunoglobulin or steroids can significantly bet-
ter the PN caused by immune-mediated nerve 
damage/diseases. PN caused by dietary deficien-
cies can be treated with systematic 
supplementation.

This means that most of the treatment modali-
ties in PN are symptomatic modalities. Similarly, 
in cases of PN due to TB, the patients are started 
on proper dosage of anti-TB therapy which are 
the four main drugs of RIF, PZA, EMB, and INH 
supplemented with pyridoxine to circumvent the 
INH-related pyridoxine deficiency.

23.4.5	 �Tuberculosis-Related 
Peripheral Neuropathy: 
Inference

TB neuritis involving peripheral nerve is rare 
even though TB is a disease with widespread 
body tissue involvement. TB can show many 
unusual modes of presentation with unusual 
sites. High grade of suspicion on the part of spe-
cialists and tissue diagnosis through biopsy 
rather than FNAC becomes imperative in such 
unusual cases. Proper response to anti-TB ther-
apy helps in retrospectively diagnosing TB in 
such cases. No known definitive evidence of PN 
must be evident before inception of anti-TB ther-
apy. The primary involvement of peripheral 
nerves must be considered as PN due to TB may 
not be always iatrogenic and it needs further 
advanced case studies in a larger population 
preferably in the developing countries.
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�Conclusion

TB is a common problem worldwide, more so 
in the developing world, which is a known 
chronic infection associated with caseating 
granulomatous inflammation. TB affects 
many body tissues with unexpected sites of 
presentation like the peripheral nerves causing 
PN. PN due to TB is underreported due to lack 
of awareness because leprosy comes first to 
mind rather than TB whenever there is 
PN. Nevertheless PN is a common term of cli-
nicians, but primary PN due to TB, excluding 
those caused by anti-TB therapy, is uncom-
mon. The primary involvement of peripheral 
nerves must be considered as PN due to TB 
may not be always iatrogenic. Proper response 
to anti-TB therapy helps in retrospectively 
diagnosing TB in such cases. A high clinical 
suspicion must be borne in mind while dealing 
with suspected TB cases showing unusual 
clinical presentation. Prompt diagnosis, per-
fect effective treatment by anti-TB therapy, 
and systematic case follow-up can help avert 
TB-related PN and, thus, avoid unwanted sur-
geries in patients, thus making this world a 
better, healthy world to live and let live.
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Abbreviations

AFB	 Acid fast bacilli
CN	 Cranial nerve
CNS 	 Central nervous system
CSF	 Cerebrospinal fluid
DR	 Drug resistant
EMB	 Ethambutol
EON	 Ethambutol-induced optic neuropathy
ICP	 Intracranial pressure
IL		 Interleukin
INH	 Isoniazid
LETM	� Longitudinally extensive transverse myelitis
MDR	 Multidrug resistant
MRI	 Magnetic resonance imaging
NAT2	 N-acetyltransferase type 2
OCA	 Optochiasmatic arachnoiditis
OM	 Otitis media
PCR	 Polymerase chain reaction
PN	 Peripheral neuropathy
SNHL	 Sensorineural hearing loss
TB	 Tuberculosis
TBM	 Tuberculous meningitis
TOM	 Tubercular otitis media

24.1	 �Introduction

Cranial and peripheral nerve involvement in TB 
of CNS is commonly observed in the clinical 
practice. The involvement of these structures 
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may be due to its primary involvement by the 
disease or may be involved as a part of disease 
process involving the brain and meninges. 
Isolated cranial nerve (CN) palsies are often 
ascribed to lesions of the respective nerves 
along its extra-axial courses. Imaging features 
have been described as a part of the meningitis 
which involves the brain, or it may primarily 
involve the meninges of the lower spinal cord 
and is referred to as arachnoiditis. In this chap-
ter, we will focus on cranial and peripheral 
nerve involvement due to Mycobacterium 
tuberculosis.

CN involvement is seen in 17–70% of patients 
and occurs in the background of diffuse lepto-
meningeal TB. Impairment has been attributed to 
ischemia or entrapment of the nerves in basal 
exudates [1, 2].

24.2	 �Cranial Nerves

24.2.1	 �Optic Nerve (II) and Optic 
Chiasma

Impairment of vision is one of the distressing 
complications of TBM, and it affects 27–32% 
patients in adult population and higher incidence 
of 43–72% in pediatric population [3–5]. It has 
been commonly ascribed to optochiasmatic 
arachnoiditis (OCA) and optochiasmatic granu-
loma and rarely due to optic chiasm compression 
by dilated third ventricle, choroid tubercle, optic 

disk granuloma, ethambutol (EMB) toxicity, and 
occipital infarct [3, 6, 7].

Inflammatory changes with exudates in the 
leptomeninges around the optic chiasm and the 
optic nerves are referred to as OCA. This may 
result in decrease in the visual acuity with vari-
able progression to partial or total blindness. It 
may be found in other conditions like rheuma-
toid arthritis, sarcoidosis, Epstein-Barr viral 
infection, besides TBM.  OCA causes 41% of 
visual impairment in TBM, and mechanisms 
include optic atrophy owing to pressure and/or 
traction on the optic nerve or perichiasmal 
inflammatory process with superimposed vascu-
lar insult to the optic pathway [8–10]. OCA on 
MRI appears as diffusely thickened and homog-
enously enhancing optic nerve and chiasm (Fig. 
24.1) [11]. Optic perineuritis typically shows a 
distinctive pattern of enhancement around the 
optic nerve (“tramtrack” on axial and “dough-
nut” on coronal views) [12]. Associated intrapa-
renchymal tuberculomas can help in clinching 
the diagnosis [13]. These findings in baseline 
MRI have been found to predict blindness at 
6 months [8].

Raised CSF protein content is a known risk 
factor [8]. Higher CSF concentration of IL6 is 
associated with significant neurological deficit 
[14]. Aaron et  al. demonstrated questionable 
change with therapy, suggesting the need to pre-
vent this complication [15].

Early recognition may be useful, as the 
vision does not deteriorate further on starting 

a b c

Fig. 24.1  A 23-year-old male presents with insidious-
onset left-sided hemianopia. Axial FLAIR (a), post-
contrast T1-weighted fat-suppressed coronal (b) and axial 

(c) images at level of suprasellar cistern show left-sided 
optochiasmatic arachnoiditis (arrow)
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treatment. Patient survival and neurological 
outcome in patients with TBM is known to 
improve with corticosteroid treatment, which 
act by reducing the harmful effects of pro-
inflammatory molecules released following 
destruction of M. tuberculosis. The clinical 
improvement with corticosteroid treatment is 
also attributed to reduction in cerebral edema 
and/or vasculitis [16].

Development of visual loss during TBM treat-
ment may be related to drug toxicity and/or arach-
noiditis, besides involvement of the anterior optic 
pathway by tuberculomas. The optochiasmatic 
region may rarely be involved by paradoxical 
development of tuberculomas during anti-TB 
therapy [17]. Differential diagnosis of multiple 
ring-enhancing lesions due to tuberculomas on 
MRI includes neurocysticercosis, pyogenic 
abscesses, metastasis, and toxoplasmosis [18, 19]. 
Paradoxical development of tuberculomas is 
treated by continuation of anti-TB therapy as 
usual with addition of systemic corticosteroids 
that overcomes the host body inflammatory 
response to the breakdown products of M. tuber-
culosis [8, 20]. MRI helps in exact localization of 
tuberculoma with respect to the optic nerve and 
chiasm (Fig. 24.2). This helps in surgical decom-
pression planning of optochiasmatic tuberculomas 
which are causing significant visual deterioration. 
Orbital TB may also present as orbital apex syn-
drome [21–23]. Imaging can demonstrate ring-
enhancing lesions of intra-conal compartment.

EMB is part of the four drug regimen used for 
treatment of TB of CNS and is a contributory fac-
tor in EMB-induced optic neuropathy (EON) 
with an incidence of 1.5%. The risk for develop-
ment of EON gets higher with decrease in renal 
function and higher daily dose of EMB [24]. 
Neuroimaging of chiasm is usually normal; 
however, MRI may show increased T2 signal 
within the optic chiasm without restricted diffu-
sion [25, 26].

Visual function improves in about one-third of 
these patients after discontinuation of treatment 
[27]. Patients with optic disk pallor may not 
improve during follow-up, and this finding may 
be a sign of a poor prognosis.

Literature has documented an incubation 
period varying from 15 days to 2 years follow-
ing commencement of EMB treatment to the 
onset of EON [28]. EMB toxicity affects the 
small size papillomacular bundle axons, and 
optic disk pallor develops months after the fibers 
are lost.

24.2.2	 �Oculomotor (III), Trochlear 
(IV), and Abducens (VI) Nerves

Due to the long course these CNs follow inside 
the cranium, compressive lesions and 
microvascular ischemia in TBM may cause palsy 
to these CNs [29]. Other causes include vasculi-
tis, tuberculoma situated in the midbrain region, 

a b c

Fig. 24.2  Optochiasmatic tuberculomas in a young 
female. Mid sagittal T2WI (a), post-contrast T1-weighted 
fat-suppressed axial (b), and midsagittal (c) images show 

rim-enhancing multiple tuberculomas around the optic 
chiasma (arrow)
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sellar and suprasellar tubercular lesions, and cav-
ernous sinus lesions [30].

TBM is a rare but not unusual cause of oculo-
motor palsy [31, 32]. Typical findings on MRI 
are neural thickening, increased T2 intensity, 
and post-contrast enhancement, particularly of 
the proximal segment [33]. TBM may present 
with isolated third CN palsy, which responds 
well to four-drug anti-TB therapy and intrave-
nous corticosteroids; however, delayed diagno-
sis and management may result in poor prognosis 
[34, 35].

Sixth nerve is the commonest CN involved in 
TBM followed by oculomotor and trochlear 
nerves [6, 31, 32, 36]. Abducens palsy may also 
be secondary to increased ICP. Altiparmak et al. 
published a proven case of TBM presenting with 
vertical diplopia [29]. The symptoms resolved a 
month of initiating anti-TB therapy [35].

Brainstem tuberculomas in isolation are rare 
and account for 2.5–8% of the total intracranial 
tuberculomas [37]. Sharma et al. presented cases 
of ophthalmoplegia due to brainstem tubercu-
loma presenting as rim-enhancing lesions [38].

Pituitary TB may present a diagnostic dilemma 
because it is hard to differentiate a pituitary ade-
noma from pituitary tuberculoma. MRI is ideal to 
establish the differential diagnosis. The thickened 
pituitary stalk on contrast MRI may be helpful in 
the differentiation of sellar/suprasellar TB from 
pituitary adenomas [39, 40]. Dulce and colleagues 

have shown cases of sellar tuberculomas presenting 
with CN palsies and endocrinopathies [41].

Several case reports concluded that intracra-
nial tuberculomas in the cavernous sinus can 
mimic a neoplasm or other inflammatory patholo-
gies like sarcoidosis and fungal infections. High 
index of suspicion should be maintained in the 
presence of risk factors. These lesions shows 
intense homogeneous enhancement and appear 
hypointense on T2-weighted imaging. The pres-
ence of other coexisting lesions may support the 
diagnosis [42]. In the absence of negative bacte-
riological studies, the diagnosis is usually 
accepted on the basis of pathological results of the 
lesion [43, 44]. However, a presumptive treatment 
with anti-TB drugs may result in favorable out-
come and may avert the need for a surgery [45].

24.2.3	 �Trigeminal Nerve (V)

Trigeminal nerve is the largest CN [46]. Disease 
involving this nerve may cause sudden and severe 
pain within its distribution, typically the maxillary 
or mandibular branches [47]. Neuropathy may 
present along the entire course of the nerve, from 
its origin in brainstem to its peripheral branches. 
The common causes are tortuous vessels in pre-
pontine cistern, brainstem lesions, and meningitis, 
the latter of which may show enhancement in 
vicinity of root entry zone (Fig. 24.3) [48, 49].

a b c

Fig. 24.3  A 28-year-old male presented with right facial 
pain while on treatment for multiple tuberculomas. Axial 
FLAIR (a), T1WI (b), and post-contrast T1-weighted fat-

suppressed (c) images show altered signal intensity and 
perineural enhancement of the right trigeminal nerve 
(arrow)
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TB may involve the nerve at the Meckel’s cave 
or cavernous sinus, and the disease process may 
extend into the infratemporal fossa along the 
course of mandibular nerve causing expansion of 
the foramen ovale and destruction of the adjacent 
bone [50–52]. Direct compression on the trigemi-
nal nerve by a venous varix secondary to TBM-
induced superior sagittal sinus thrombosis has 
also been reported [53, 54].

24.2.4	 �Facial Nerve (VII)

Different types of clinical presentations second-
ary to brain stem tuberculoma have been reported 
in literature and include one and a half syndrome, 
glaucoma mimic, unilateral paralysis of saccades, 
Millard-Gubler syndrome, isolated bilateral pto-
sis, horizontal gaze palsy, myokymia, facial con-
tracture, and Foville’s syndrome [55, 56].

Facial nerve palsy may be associated with 
TOM.  It is a rare cause of chronic suppurative 
infection (0.05–0.9%) of the middle ear [57]. 
Peripheral facial palsy has been found to be present 
in 9.6% of patients of TOM, which is higher than in 
patients with suppurative OM [58]. Imaging find-
ings may mimic a tumor causing facial nerve dys-
function [33]. Response rates are favorable with 
surgical decompression and anti-TB therapy [59].

24.2.5	 �Vestibulocochlear Nerve (VIII)

Literature shows a higher incidence of conductive 
hearing loss than SNHL with TBM [58, 60]. Kuan 
et al. studied the autopsy specimen of the temporal 
bone of a patient with SNHL following TBM [61]. 
They found invasion of the labyrinth by TB disease 
through the internal acoustic canal and induced a 
retrocochlear pattern of SNHL. There appeared to 
be significant degeneration of the organ of Corti 
and the loss of most spiral ganglion cells and 
cochlear nerve fibers, particularly the basal turn, 
and of sensory cells of all cristae and maculae. 
MRI shows T2-hyperintensities of bilateral mas-
toids and middle ears, inflammatory changes in the 
petrous apices, and extensive pachymeningeal 
thickening along the temporal convexities [62].

Stach et al. presented a case of sudden SNHL 
secondary to tuberculoma involving the root 
entry zone of the VIIIth CN. MRI localized the 
lesion at the cerebellopontine angle [63].

Ototoxic hearing loss is also common in patients 
of MDR-TB treated with aminoglycosides [64, 
65]. The injectable drugs are known to selectively 
destroy the basal hair cells of the basilar membrane 
that sense the higher frequencies [66].

24.2.6	 �Glossopharyngeal (IX), Vagus 
(X), and Spinal Accessory (XI) 
Nerves

Hoarseness itself is not a common manifestation 
of pulmonary TB but may present when the gran-
ulomatous inflammation involves recurrent 
laryngeal nerves in the mediastinum [67]. 
Richardus et al. reported a case of IX and XI CN 
palsy presenting with torticollis and deviation of 
the uvula. MRI depicted nasopharyngeal mass 
involving the craniovertebral junction [62].

24.2.7	 �Hypoglossal (XII)

TB spondylitis is a common disease of the spine 
especially in developing countries. Nearly 1% of 
all cases of spinal TB involve craniocervical junc-
tion. Hypoglossal nerve palsy is not an uncommon 
neurological finding (Fig. 24.4); however, isolated 
involvement of the hypoglossal nerve is rare and is 
restricted to case reports or small case series. 
Craniocervical junction TB is a common cause of 
hypoglossal nerve involvement [68–70]. The radio-
logical evidence of cord compression may not 
always correlate with clinical presentation as the 
neurological deficits are also due to instability 
besides cervicomedullary compression [71].

24.3	 �Spinal and Peripheral Nerves

During experimental evolution of TB in mice, M. 
tuberculosis sequester in the lungs within a few 
hours, followed by redistribution during the fol-
lowing days [72]. This explains why anti-TB 
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therapy is able to have full effect on a sensitive 
germ before M. tuberculosis reaches the nerves. 
When they do, they can be detected in the peri-
neural and Schwann cells, autonomic ganglia, and 
histiocytes. Lesions of the neurons are caused by 
the compression which these formations exert.

24.3.1	 �Peripheral Neuropathy

Peripheral neuropathy (PN) is a condition which 
may affect sensory, motor, or autonomic nerves, 
compromising the relay of information from dif-
ferent parts of the body. It is anticipated that as 
many as 500 million people in the world suffer 
from PN, and the problem is commonly seen 
among individuals with TB [73, 74]. All patients 
with TB should undergo routine evaluation for 
PN at each clinical encounter [75].

For most patients with TB, the cause of PN 
will be multifactorial, resulting from the disease 
itself [76] or type IV hypersensitivity reaction 
[77], common comorbid conditions [78, 79], and 
the medications used to bring about cure [80, 81].

Isoniazid (INH) is one of the medications 
most commonly associated with PN [82], with 
incidence up to 10% [83]. The drug’s mechanism 
of action against M. tuberculosis leads to deple-
tion of pyridoxine (vitamin B6), which results in 
neurotoxicity [84]. NAT2 is crucial for metabo-

lization and inactivation of INH [85]. Molecular 
screening of patients for variants of NAT2 might 
be useful for the clinical prediction and preclu-
sion of INH-induced polyneuropathy [86].

Studies have reported 13–17% incidence of 
PN for patients with DR-TB [87]. Most cases 
have been attributed to prolonged administration 
of second-line drugs, including cycloserine, ethi-
onamide, fluoroquinolones, clofazimine, and 
linezolid [88–91]. Therefore, it is important that, 
whenever possible, treatment for DR-TB be 
based on drug-susceptibility testing with a goal 
of maximizing effectiveness while limiting toxic-
ity [75]. Management should focus on halting 
damage to the nerve, although care should be 
taken not to compromise the TB regimen and 
alleviating symptoms [75].

Cervicothoracic TB osteomyelitis and resul-
tant paraspinal abscess has been known to cause 
brachial plexus neuropathy [92]. Abscess around 
the brachial plexus may result in brachial plexop-
athy, and its decompression along with anti-TB 
therapy may cure such patients (Fig. 24.5).

24.3.2	 �Radiculomyelitis

The term TB radiculomyelitis was coined by 
Wadia and Dastur, which includes spinal cord 
complications of TBM, arachnoiditis, and spinal 

a b c

Fig. 24.4  A 50-year-old man presented with TBM with 
multiple CN involvement while on treatment. Axial post-
contrast T1-weighted fat-suppressed images at the level of 
upper pons (a), medulla (b), and midsagittal section at 

level of cervico-vertebral junction (c) show rim-enhancing 
TB arachnoiditis with CSF loculation (arrows) trapping 
the bilateral third and hypoglossal nerves
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tuberculoma [93, 94]. Recent literature has docu-
mented a high incidence of spinal and/or radicu-
lar syndrome in patients of TBM to the tune of 
23–76% [95–97]. Although anti-TB therapy has 
decreased the mortality due to TBM significantly, 
it has failed to decrease complications such as 
spinal arachnoiditis [96].

The proposed pathological mechanisms are 
hematogenous spread of M. tuberculosis to the 
parenchyma and meninges of spinal cord, 
gravitation of exudate to the lumbosacral 
region, and, rarely, by direct extension from 
vertebral TB [93]. The subarachnoid space 
between the spinal duramater and the lepto-
meninges may be filled with thick gelatinous 
exudate, and it encases the spinal cord and 
nerve roots (Fig. 24.6). The most common 
MRI findings are spinal meningeal enhance-
ment, lumbosacral arachnoiditis, and thoracic 
myelitis; less commonly, CSF loculations, 
tuberculoma, and syrinx [95].

TB myelitis is an important cause of parapare-
sis in Indian setting [98]. It may be confused with 
other forms of viral myeloradiculopathies; how-
ever, elevated CSF protein, reduction of sugar, 
predominantly lymphocytic cell count, and the 
presence of AFB should confirm the diagnosis 
[95]. PCR for M. tuberculosis in CSF is consid-
ered a specific diagnostic test [99]. Most spinal 
cord lesions appear hyperintense on T2 and iso- 
or hypointense on T1-weighted imaging [100]. 
Post-contrast imaging reveals loculation and 
obliteration of the subarachnoid space along with 
linear intradural enhancement [101].

Cord atrophy, cavitation, and/or the presence 
of syrinx on MRI may be linked with poor out-
come [100]. The basis of acute syringomyelia in 
TBM has been attributed to thrombosis and end-
arteritis of the spinal cord vessels leading to sub-
sequent myelomalacia [102]. There is no known 
medical treatment for this complication [103]. 
MRI is the modality of choice of detecting 

a

d e

b c

Fig. 24.5  A 35-year-old man presented with left-sided 
root pain. Coronal fat-suppressed T2-weighted image (a) 
shows large T2 hyperintense area around left fourth and 
fifth spinal nerve root and trunk. Coronal (b) and axial (c) 
post-contrast T1-weighted fat-suppressed images show 
rim-enhancing cervical abscess in the corresponding 

region (arrows). The abscess was drained which cultured 
Mycobacterium tuberculosis. Coronal fat-suppressed 
T2-weighted images (d, e) on follow-up study at 6 months 
show small residual disease with normally visible nerve 
roots (arrow)
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TB-related myelopathy as it provides greater 
details of pathological changes within and around 
the spinal cord such as syrinx formation and 
arachnoiditis [104].

LETM is characterized by contiguous 
immune-mediated inflammatory lesion of spinal 
cord extending to three or more spinal cord seg-
ments [105]. TB is an uncommon cause of 
LETM [106]. MRI shows contiguous long seg-
ment intramedullary lesion, which appears isoin-
tense on T1-weighted and hyperintense on 
T2-weighted imaging with cord expansion. 
There might be coexisting brain tuberculomas. 

An abnormal activation of the immune system 
against the spinal cord is thought to be the main 
etiologic mechanism [107]. A timely identifica-
tion and treatment of this entity with corticoste-
roids is essential to prevent irreversible damage 
and morbidity [108].

�Conclusion

We conclude that cranial and peripheral nerve 
involvement in TB is not uncommon and may 
be affected by the disease or may be drug 
induced [109] and should be treated as per the 
cause of its involvement.

a
b c

Fig. 24.6  A 34-year-old man presented with lower motor 
neuron palsy on treatment for TB. Midsagittal T2WI of 
cervicodorsal spine (a) and post-contrast T1-weighted fat-
suppressed images of cervicodorsal spine (b) and dorso-

lumbar spine (c) show rim-enhancing as well as diffusely 
enhancing TB arachnoiditis (arrows) trapping lumbosa-
cral spinal roots
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25.1	 �Introduction

Tuberculosis (TB) can spread to almost every 
organ, and clinical manifestation depends on 
localization of the infection [1]. Central nervous 
system (CNS) involvement develops in nearly 
1% of infected persons. Of the various presenta-
tions of TB of CNS, tuberculous meningitis 
(TBM) is the most common (70–80%) followed 
by tuberculoma and abscess [2, 3]. The clinical 
picture is different in children and in adults. In 
children, disseminated forms and the risk of pro-
gression to severe forms are reported with higher 
incidence [4].

TB is one of the leading opportunistic infec-
tion in people living with human immunodefi-
ciency virus (HIV) and transplant recipients. HIV 
infection notably increases the risk for acquisi-
tion, progression, morbidity, and mortality of TB 
[5]. Extrapulmonary manifestations especially 
CNS involvement are five times more likely in 
HIV-positive individuals [5]. In 2014, there were 
an estimated 9.6 million people to have fallen ill 
with TB, and 12% of these were HIV positive. 
Worldwide TB killed 1.5 million people annually 
(1.1 million HIV negative and 0.4 million HIV 
positive) [6].

M. tuberculosis is a nonspore-forming, non-
motile aerobic bacillus with a cell wall rich in 
high-molecular-weight lipids. The slow-growing 
bacillus needs 15–20 h for generation time and 
3–8 weeks for visible growth on solid media [7]. 
The knowledge-related M. tuberculosis genotype 
is that genotype influences disease phenotype 
and that interaction between host and bacterial 
genotypes and the development of TB is present 
[8].

The inhaled bacilli colonize alveolar macro-
phages and may spread to local lymph nodes and 
bloodstream. As a rule, it generally involves the 
lungs, but it has also some extrapulmonary sys-
temic manifestations like intraocular involve-
ment (Fig. 25.1). Importantly, the blood-brain 
barrier protects the CNS from the circulatory sys-
tem. Despite the integrity of this barrier, some 
microorganisms can cross the barrier to cause 
TBM or encephalitis [9]. A caseous granuloma 
termed as “Rich focus” develops in the meninges. 

Rupture of a Rich focus into the subarachnoid 
space initiates a powerful inflammatory T cell 
response. Alterations in cytokine levels in patients 
can influence the immune system functions and 
hereby the signs, symptoms, and sequelae of TB 
of CNS [8, 10].

Early identification of TB of CNS is important 
and crucial for the accomplishment of treatment. 
Diagnosis is still problematic despite many 
advances in techniques [4]. Structural properties 
of microorganism and immune response of the 
host compose the main idea of laboratory tests. In 
this chapter we aimed to review the traditional 
and new laboratory procedures for TB of CNS.

25.2	 �Microbiological Analysis

If the clinical presentation is suggestive of TB of 
CNS, cerebrospinal fluid (CSF) specimens 
should be collected, transported, and processed 
urgently. Routine analyses (cell counts and dif-
ferential, protein and glucose level) and microbi-
ologic tests for bacteria, fungi, and M. tuberculosis 
should be done [11, 12]. Definitive diagnosis of 
TB of CNS depends on detection of tuberculous 
bacilli in the CSF either by smear microscopy or 
by culture. It should be kept in mind that atypical 
CSF findings may be obtained in HIV-coinfected 
individuals [11, 12].

Fig. 25.1  Fundus photograph of a patient with tubercu-
lous meningitis depicting polymorphic, yellowish, rela-
tively discrete lesions suggestive of choroid tubercles 
(Courtesy of RK Garg, MD)
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25.2.1	 �Cytological Examination

The CSF profile of TB of CNS is not specific for 
TB and mimics both infectious and noninfectious 
CNS diseases [11]. The characteristic analysis of 
CSF in TB of CNS shows a moderate pleocytosis 
with lymphocytic predominance, moderately ele-
vated protein levels, and low glucose levels (hypo-
glycorrhachia) [13, 14]. Total white blood cell in 
CSF range between 100 and 500  cells/μl with 
mononuclear lymphocytic predominance, protein 
levels range between 100 and 500 mg/dl, and glu-
cose levels are usually less than 45 mg/dl [15].

In a series of 160 adult cases of TB of CNS in 
Turkey found lymphocyte domination in 65%, 
high protein levels in 72% of the cases. CSF/
serum glucose ratio was <0.6 and < 0.3 in 95% 
and 55% of the cases [16].

25.2.2	 �Smear Microscopy

Mycobacterial cell wall due to the presence of 
large amount of lipoidal material is resistant to 
decolorizing agent. The term acid-fast bacillus 
(AFB) is practically synonymous with mycobac-
teria, although Nocardia and some other organ-
isms can be acid fast [7]. Any biologic fluid or 
material can be examined directly (e.g., pleural 
fluid, CSF, urine, gastric lavage fluid), although 
thin fluids are best examined after sedimentation 
by centrifugation [7].

Traditional staining technique using Ziehl-
Neelsen, Kinyoun, or auramine-rhodamine is a 

rapid and practical method with low-cost and 
high predictive value. (Table 25.1). Nevertheless, 
the sensitivity of CSF staining techniques is gen-
erally <20% [13]. CSF sample volume, duration 
of slide examination, and the technical expertise 
of laboratory personnel are important factors [17, 
18]. Sensitivity can reach up to 60% when used 
larger CSF volumes although it is difficult to 
obtain this especially from children [17, 18]. One 
of the reasons of low detection rate is that intra-
cellular M. tuberculosis can hardly be stained by 
acid-fast dyes. So techniques to reveal the pres-
ence of intracellular and extracellular M. tubercu-
losis were developed. A modified staining method 
Ziehl-Neelsen combined with cytospin and 
Triton X-100 can reveal AFB within the immune 
cells using of only 0.5 ml CSF specimen, and the 
detection rate of extracellular AFB was signifi-
cantly improved as well [19].

25.2.3	 �Culture Techniques

The growth of M. tuberculosis in culture is the 
gold standard. Culture techniques allow drug 
susceptibility testing which can influence drug 
selection and prognosis [13]. Normally sterile 
tissues or fluids such as CSF do not require 
decontamination, as some loss of mycobacterial 
viability does occur. But these specimens can be 
concentrated and the sediment is used for culture 
[7, 20].

A variety of solid and liquid media are avail-
able for the culture of mycobacteria:

Table 25.1  Traditional staining techniques for mycobacteria

Method Carbol fuchsin method Fluorochrome method

Process Ziehl-Neelsen
a fixed smear covered 
with carbol fuchsin is 
heated, rinsed, 
decolorized with acid 
alcohol, and 
counterstained with 
methylene blue

Kinyoun
is modified to make 
heating unnecessary

Auramine O Auramine rhodamine

Properties The organisms appear as slightly bent, beaded 
rods 2–4 μm long and 0.2–5 μm wide

Dyes specifically bind to the cell wall of 
Mycobacteria and the counterstaining with 
potassium permanganate prevents 
nonspecific fluorescence

25  Traditional and New Laboratory Procedures
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•	 Solid egg based: Lowenstein-Jensen (LJ)
•	 Solid agar based: Middlebrook 7H11
•	 Liquid broth: Middlebrook 7H12

The macroscopic and microscopic growth of 
mycobacteria may vary with the type of media. 
Liquid broth cultures require shorter incubation 
times (1–3  weeks) as compared to solid media 
(3–8  weeks). Nevertheless, solid media allow 
examination of colony morphology, detection of 
mixed cultures, and quantification of growth. For 
these reasons, it is rational to use liquid and solid 
media in conjunction to ensure recovery [7].

Culture positivity rates were reported between 
25% and 75%, but results are only available after 
2–6  weeks of incubation, and negative results 
cannot be used to exclude a TB diagnosis [17, 
21].

Commercial automated liquid broth systems 
greatly facilitate mycobacterial culture (Table 
25.2). They monitor mycobacterial growth by 
detection of carbon dioxide production or oxygen 
consumption through radiometric, fluorometric, 
or colorimetric indicators [7, 20, 22]. They have 
been shown to be more efficient than LJ culture 
in the diagnosis of TBM [22].

Mycobacterial observation drug susceptibility 
(MODS) technique has been found to be more 
sensitive than CSF smear and more rapid than 
conventional TB culture (with a median time to 
positivity of 6 days) and useful for the detection 
of drug resistance in a number of studies [8, 20].

Thakur et al. reported that the recovery rate of 
automated BACTEC mycobacterial growth indi-
cator tube (MGIT) 960 system was higher 
(27.4%) than LJ media (10.9%) [23]. The mean 

time of detection in MGIT and LJ media for M. 
tuberculosis were 18 days and 38 days, respec-
tively [23].

A multicenter study from Turkey confirmed 
that the automated culture system was superior 
to LJ culture for the diagnosis of TBM [12]. 
Concordant use of two-culture system provided 
significant benefit over using them singly. In 
addition, both of the culture systems were found 
to be significantly better than molecular meth-
ods (81.8%, 72.7%, and 57.3%, respectively) 
[12].

25.3	 �Molecular Analysis

Molecular-based techniques such as nucleic acid 
amplification (NAA) tests have become impor-
tant because of time-consuming traditional meth-
ods. These techniques demonstrate the presence 
of nucleic acid of tubercle bacilli in clinical spec-
imens such as CSF. The typical NAA method is 
the polymerase chain reaction (PCR) assay [24]. 
Real-time PCR, isothermal strand displacement, 
or transcription-mediated amplification and 
ligase chain reaction are the alternative tests [8].

NAA tests are categorized as commercial or 
in-house. Several commercially available NAA 
tests such as the Amplicor M. tuberculosis tests 
(Roche Molecular Systems, Branchburg, NJ, 
USA) and the amplified M. tuberculosis direct 
test (MTD; Gen-Probe Inc., San Diego, CA, 
USA) have been developed for the rapid diagno-
sis of TB [25, 26]. The superiority of NAA tests 
is the rapidity so that the results can be obtained 
about 3–6 h from receipt of specimen [25]. NAA 

Table 25.2  Commercial liquid culture systems

System Properties

BACTEC MGIT
(Becton Dickinson 
Microbiology Systems, 
Sparks, MD)

Fluorometric method Detects growth in 
1–3 weeks

MODS CSF pellet inoculated into a
microtiter plate

Uses Middlebrook 7H9 
broth culture

Direct drug susceptibility 
testing in liquid culture

BACTEC 460 TB system
(Becton-Dickinson, 
Towson, MD)

Radiometric
method

A selective liquid media, 
containing C14-labeled 
palmitic acid
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tests can detect fewer than 10 bacilli in clinical 
specimens or cultures [8]. Nevertheless, the pres-
ence of small number of microorganisms and 
inhibitor substances in the CSF hinder applying 
NAA techniques to the rapid diagnosis of TB of 
CNS [24, 25].

The validity of NAA tests has been exten-
sively studied since the early 1990s and has 
shown that the specificity is high but sensitivity is 
variable [8, 25]. Sensitivity is highest in smear-
positive respiratory samples and lower in smear-
negative and in extrapulmonary samples. Thus, a 
negative result does not rule out the diagnosis of 
TB of CNS [8].

In a study of Christie et al., 20 atypical cases 
with TB of CNS manifested as encephalitis were 
identified [27]. Of the cases, all had a positive 
CSF culture, but only 4 of 17 (24%) were CSF 
PCR positive, and none had a positive smear 
[27].

In a study from Pakistan, which is a country 
with high TB incidence, a total of 766 clinical 
samples including 76 CSF were analyzed for the 
clinical utility of M. tuberculosis PCR. The posi-
tivity rate for CSF specimens was 42.1% [28].

Nevertheless, a systematic review and meta-
analysis of 14 studies showed that commercial 
NAA test for diagnosis of TBM had a high speci-
ficity (98%, 95% CI 97–99%), but a low sensitiv-
ity when compared with culture (56%, 95% CI 
46–66%) [25].

The Xpert MTB/RIF test (Cepheid CA, USA) 
is a commercial NAA test that uses real-time 
PCR to determine M. tuberculosis and identify 
rifampin resistance [29]. Manual DNA extraction 
is not required because of the cartridge-based 
form, and the closed system diminishes the risk 
for cross-contamination [21]. As the initial diag-
nostic test for CSF specimens in suspected TBM 
patients, World Health Organization (WHO) rec-
ommends the use of this test rather than conven-
tional microscopy and culture [6, 29].

Several studies have reported successful use 
of the Xpert MTB/RIF test on extrapulmonary 
samples, with sensitivities of upon 80% and 
specificity reaching 100% [15, 16, 21, 25, 30]. 
However, the number of CSF samples in these 
studies was low [21]. Tortoli et al. evaluated the 

performance of the Xpert system on different 
extrapulmonary specimens in a country with low 
TB incidence [31]. Overall sensitivity and speci-
ficity were 81.3 and 99.8% [31]. In 204 South-
African patients, of whom 87% were HIV 
infected, overall sensitivity and specificity of 
Xpert MTB/RIF were 62% (48%–75%) and 95% 
(87%–99%), respectively [30]. A significant 
increase in the sensitivity and specificity was 
shown in some studies when a large volume of 
centrifuged CSF pellet was used [21, 30].

The diagnostic accuracy of in-house PCR tests 
is poorly defined because of the wide variability 
in sensitivity and specificity [25].

For comparison of PCR, microscopy, and cul-
ture, a cohort study was designed. CSF samples 
of 230 adult patients with suspected meningitis 
are evaluated by using in-house real-time PCR 
targeting IS6110, ZN staining, and liquid and 
solid media for culture. TBM was diagnosed in 
207 patients, 17.9% of them was HIV infected. 
PCR had a high positivity rate (68%) among both 
HIV-infected and noninfected patients, higher 
than microscopy (11%), and solid (36%) and liq-
uid (44%) media [32].

In another study, 178 specimens including 25 
CSF were evaluated for IS6110-targeted PCR as 
compared to LJ culture for the diagnosis of extra-
pulmonary TB [1]. Nine of 25 CSF samples were 
PCR positive, but 3 positive PCR in non-TBM 
were considered as false positive result [1].

The diagnostic accuracy of the combination of 
NAA tests was assessed in a study among chil-
dren. GenoType®MTBDRplus and Xpert MTB/
RIF assays, microscopy and culture were per-
formed on 101 CSF samples. Although improve-
ment in sensitivity was obtained with the 
combination of culture and NAA tests, they can-
not serve as a rule-out test [33].

25.4	 �Immunoserological 
and Biochemical Tests

25.4.1	 �Antigen Detection Tests

M. tuberculosis adapts to its environment by 
altering its transcriptional responses. So for the 
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diagnosis of several forms of extrapulmonary 
TB, the optimum antigens or antigen combina-
tions may vary [34]. The antigens that will be 
used for antigen detection tests should have some 
properties; indeed antigen should be specific to 
M. tuberculosis: (1) common expression by 
in  vivo bacteria, (2) being in the extracellular 
environment, and (3) resistant to degradation by 
the host inflammatory processes [34].

Nowadays, it is believed that antigen detec-
tion is more sensitive than antibody detection. 
The early phase of TB infection, corticosteroid 
therapy, or immune deficient status may result 
false negativity for antibody detection tests. 
And they cannot distinguish acute or latent 
infection [35]. For developing and simplifying 
of antigen detection tests, many efforts have 
been made, but their prognostic power still 
remains poor. Tests that detect multiple antigens 
compared to that detect single antigens may 
yield higher sensitivities [34].

Early secreted antigen target-6 (ESAT-6) is an 
M. tuberculosis-specific, early secreted, and low-
molecular-weight protein [36]. It is recognized 
by specific (IFN)-γ-secreting T cells. These T 
cells present much more in patients with an active 
infection, and the numbers of them are signifi-
cantly higher in the CSF than in the peripheral 
blood. Therefore, ESAT-6-induced specific IFN-γ 
responses can be useful in diagnosis of TB of 
CNS [35].

Intracellular mycobacteria were investigated 
by ESAT-6 immunocytochemical stain using rab-
bit anti-ESAT-6 polyclonal antibody in a study 
[36]. After counterstaining with methylene blue, 
visualization of yellow-brown granules in the 
cytoplasm under light microscopy was defined as 
positive result [36]. The sensitivity of ESAT-6 
immunostain was 75.1% [36]. But limitation of 
the test was relatively high number of false posi-
tive results [36]. Song et al. reported quantitative 
detection of ESAT-6  in CSF using indirect 
enzyme-linked immunosorbent assays (ELISA) 
protocol [35].

Lipoarabinomannan (LAM) is a M. tuberculo-
sis cell wall component, has immunoregulatory 
and anti-inflammatory effects, and serves as a 
virulence factor of mycobacteria [17]. A LAM-

ELISA test (Clearview®TB ELISA, Inverness 
Medical Innovations, MA, USA) has been devel-
oped [17, 29]. The sensitivity and specificity of 
the test were reported as 64–69% and 62–65% 
for diagnosis of culture- or PCR-positive 
TBM.  Higher sensitivity and specificity were 
noted in HIV-infected patients with CD4 cell 
counts below 100 cells/ mm3 [29].

In a meta-analysis including 21 extrapulmo-
nary TB study, five studies targeting LAM, 
ESAT-6, Ag85 complex, and the 65-kDa antigen 
in CSF provided the highest sensitivity (87%; 
95% CI, 61–98%), but low specificity (84%; 95% 
CI, 60–95%) [34].

25.4.2	 �Tuberculin Skin Test (TST)

A purified protein derivative (PPD) from M. 
tuberculosis has long been used as skin test. 
TST provides evidence of previous TB infec-
tion and lacks diagnostic specificity in bacille 
Calmette-Guerin (BCG)-vaccinated individu-
als [35]. The factors that influence TST reac-
tivity after BCG vaccination are the strain, 
dose, and number of BCG vaccine used, the 
technique of and age at vaccination, nutri-
tional/health status, the time interval between 
vaccination and TST, and the number of inter-
vening tuberculin tests [37]. The diagnostic 
benefit of TST for TB of CNS varies from 10% 
to 50% [13, 35, 37].

25.4.3	 �Interferon Gamma Release 
Assays (IGRAs)

IGRAs are in  vitro tests that are based on 
IFN-γ release after T cell stimulation by anti-
gens. The two commercially available IGRAs 
are (1) the QuantiFERON TB-GOLD In-Tube 
(QFT-G-IT) (Cellestis Ltd., Carnegie, 
Australia) which uses ELISA to measure the 
concentration of IFN-γ and (2) T-SPOT.TB 
test (Oxford Immunotec, Abingdon, UK) 
which measures the number of IFN-γ-
producing cells, after incubation of whole 
blood or peripheral blood mononuclear cell 
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(MC) with M. tuberculosis antigens [38]. 
These tests indicate recent or remote exposure 
to M. tuberculosis of symptom-free individu-
als but cannot accurately distinguish active TB 
from latent TB infection. So the clinical use of 
IGRAs is limited in intermediate to high ende-
micity regions [13, 39].

IFN-γ can be easily induced in peripheral 
blood monocytes or whole blood. However, 
because of the low number and short half-life of 
T cells, detection of them in CSF is difficult in 
TBM patients. The sensitivity and specificity of 
M. tuberculosis-specific antigen detection 
directly in CSF vary between 35–95% and 
95–100%, respectively [39]. The enzyme-linked 
immunospot assay (ELISpot) detects IFN-γ-
secreting T cells specific for ESAT-6 and CFP 
(Culture Filtrate Protein)-10. In a small prospec-
tive clinical study, sensitivity and specificity of 
ELISpot in CSF were 90% and 100%. They sug-
gest that it could be a useful tool for rapid diagno-
sis of TBM [40].

Moreover, M. tuberculosis-specific T cells are 
compartmentalized more to the infected sites 
than to the circulating blood. Kim et al. evaluated 
the usefulness of peripheral blood MC and CSF-
MC-based ELISpot assays for the diagnosis of 
active TB [41]. The sensitivity of the peripheral 
blood MC ELISpot was 91% and 63%, respec-
tively. CSF-MC ELISpot’s sensitivity and speci-
ficity were 75% and 75%, respectively [41]. They 
demonstrated that the ratio of CSF to peripheral 
blood MC ELISpot results can distinguish 
between active and latent TB with a specificity of 
100% [41].

25.4.4	 �Cytokines and Chemokines

Cytokines and chemokines are small protein 
molecules that have important role in the patho-
genesis of TB.  They regulate immunological 
responses by stimulating wide range of inflam-
matory cells. The impact of cytokines on differ-
ent cell types could be different [38].

Their diagnostic and prognostic potential have 
been established in many studies. IFN-γ, tumor 
necrosis factor (TNF)-α, and interleukin (IL)-12 

are the main cytokines. Other elevated chemo-
kines include IL-8 (CXCL-8), MCP (monocyte 
chemoattractant protein/CCL-2)-1, MCP-3 
(CCL-7), MCP-5 (CCL-12), RANTES (regulated 
on activation normal T cell expressed and 
secreted) (CCL-5), MIP (macrophage inflamma-
tory protein/CCL-3)-1-α, MIP-1-β (CCL-4), 
MIP-2 (CXCL-2), and IP-10 (IFN-γ-inducible 
protein/CXCL-10) [38].

In a study of children aged 3 months–13 years, 
CSF and serum samples of 56 TBM and 55 non-
TBM patients were assessed for 28 soluble medi-
ators [10]. The CSF concentrations of IL13, 
VEGF (vascular endothelial growth factor), and 
cathelicidin LL-37 were significantly elevated 
(p  <  .05), and the concentration of IL17 was 
lower in the TBM patients group compared to 
patients with viral and bacterial meningitis [10]. 
The serum concentrations of IL17, cathelicidin 
LL-37, IFN-γ, and bFGF were significantly ele-
vated in TBM group (p < .05) [10].

In another study, the levels of 26 cytokines 
and chemokines in plasma, pleural fluid, and 
CSF were examined by Luminex liquid array-
based multiplexed immunoassays [42]. In plasma 
MIG (monokine induced by IFN-γ), G-CSF and 
notably IP-10 levels were significantly increased 
in active TB [42]. In CSF, MIG and IP-10 showed 
promising diagnostic values in distinguishing 
TBM and non-TBM [42].

25.4.5	 �Adenosine Deaminase (ADA)

ADA is an enzyme related with purine metabo-
lism. It is considered to be a marker of cellular 
immunity because of its association with matura-
tion of monocytes, macrophages, and T lympho-
cytes. An increase in ADA levels is observed in 
CSF of TBM patients. The sensitivity and speci-
ficity of ADA in CSF range from 60–90% and 
80–90%, respectively. The cutoff values used in 
various studies ranged from >5.0 to >15 IU/l. The 
role of ADA measurement in differentiation 
TBM from other types of meningitis is conflict-
ing in several studies. It also seems a not useful 
diagnostic tool in HIV-infected TBM patients 
[14, 15, 43].
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It is simple, inexpensive, and rapid test. 
Disadvantage of the test is no standardized cutoff 
levels for the TBM diagnosis have been estab-
lished. Nevertheless, multicenter studies are 
needed for standardization of the test. Maybe it 
can be used as a supportive diagnostic test for 
TBM [14, 15, 43].

25.4.6	 �Tuberculostearic Acid

Tuberculostearic acid is a fatty acid component 
of the M. tuberculosis cell wall. Its measure-
ment in CSF of TBM patient via gas chromatog-
raphy showed high sensitivity and specificity in 
limited studies. Nevertheless, expensive equip-
ment and complexity of sample preparation pro-
tocol has limited the clinical use of this 
technique [14, 15].

�Conclusion

Rapid and definitive diagnosis and starting 
anti-TB chemotherapy quickly are the most 
important factors for prognosis of this devas-
tating illness. The definitive diagnosis of TB 
of CNS relies on the isolation of M. tuberculo-
sis from CSF. But traditional staining has very 
low sensitivity, and culture usually takes 
weeks and is relatively insensitive. Molecular 
methods are rapid, but show variable sensitiv-
ity and should not be used to exclude the diag-
nosis of TB of CNS.  Also they cannot be 
performed in all clinical laboratories because 
of requirement for technical equipment and 
personnel. The clinical use of the immunose-
rological tests is limited in intermediate to 
high endemicity regions because it cannot dis-
tinguish active TB from latent TB. The reports 
about biomarkers are controversial. The 
search should focus on convenient marker. 
Unfortunately, there is no established diagnos-
tic method that is capable of rapid detection 
with high sensitivity and specificity. Studies 
are still ongoing for improving traditional 
diagnostic methods. Combining traditional 
and new methods will be beneficial for rapid 
detection.
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Table 26.1  An overview of progress in the development 
and evaluation of TB diagnostics

Technologies endorsed by WHO
 � Molecular technologies
 �   Xpert MTB/RIFa

 �   Line probe assays (for smear-positive specimens 
or culture isolates)

 � Microscopy
 �   Ziehl–Neelsen and fluorescence microscopy methodsa

 � Culture-based technologies
 �   Commercial liquid culture systems and rapid 

speciationa

 �   Non-commercial culture and drug susceptibility 
testing methodsa

Evaluated by WHO and not recommended
 �   Commercial serodiagnostics (all manufacturers)
 �   Interferon gamma release assays for the detection 

of active TB (all settings)
Evaluated by WHO but not yet endorsed due to 
insufficient evidence
 � Molecular technologies
 �   TB LAMP, Eiken, Japan
 �   GenoType MTBDRsl, Hain Lifescience, Germany
On the market but evidence for use not yet submitted to 
WHO for evaluation
 � Molecular technologies
 �   ICubate System, ICubate, USA
 �   TB drug resistance array, CapitalBio, China
 �   EasyNAT TB Diagnostic kit, Ustar 

Biotechnologies, China
 �   Truelab/Truenat MTB, Molbio/bigtec Diagnostics, 

India
 � Nonmolecular technologies
 �   Alere Determine TB-LAM, Alere, USA
Technologies in early development in early phase of 
development
 � Volatile organic compounds
 �   BreathLink, Menssana Research, USA
 �   Prototype breathanalyzer device, Next Dimensions 

Technology, USA
 � Molecular technologies
 �   Alere Q, Alere, USA
 �   B-SMART, LabCorp, USA
 �   Genedrive MTB/RIF ID, PRIMA, UK
 �   LATE-PCR, Brandeis University, USA
 �   GeneXpert XDR cartridge, Cepheid, USA
 �   TruArray MDR 78, Akkoni, USA
 �   INFINITIMIB Assay, AutoGenomics, USA
 � Culture-based technologies
 �   BNP Middlebrook, NanoLogix, USA
 �   MDR-XDR TB Color Test, FIND, Switzerland/

Imperial College, UK
 �   TREK Sensititre MYCOTB MIC plate, Trek 

Diagnostic Systems/Thermo Fisher Scientific, USA
 � Other technologies
 �   TB Rapid Screen (Global BioDiagnostics, USA)
 �   TBDx, Signature Mapping Medical Sciences, USA

Adapted from WHO [3]
aApproved by WHO for use in diagnosis of EPTB includ-
ing TBM

26.1	 �Introduction

Tuberculous meningitis (TBM) is the most lethal 
form of extra-pulmonary tuberculosis (TB) that 
accounts for about 5% of all extra-pulmonary 
TB.  Delayed diagnosis of TBM is universally 
associated with poor treatment outcome [1], and 
studies from developing as well as developed 
countries have reported high fatality rates (>40%) 
[2]. Because of non-specific clinical features and 
the deadly consequences of a missed diagnosis, 
accurate, early confirmation of diagnosis is an 
essential component in the management of 
TBM. Unfortunately, many tests used for labora-
tory confirmation of TB, even today, are antique 
with compromised sensitivity and specificity. 
Moreover, methods used for laboratory confirma-
tion of TBM and other forms of extra-pulmonary 
TB are not different from those used for labora-
tory confirmation of pulmonary TB, except that 
the diagnostic indices of these tests may vary 
according to clinical presentation.

The World Health Organization (WHO) has 
promoted evaluation and development of many 
newer and existing technologies, most of them for 
pulmonary TB. Based on available evaluation till 
date, a comprehensive WHO recommended list of 
tests is available (Table 26.1). Some of these tests 
can diagnose the disease along with detection of 
drug resistance, while others can only diagnose 
the presence or absence of M. tuberculosis. In this 
chapter, we will discuss the available methods for 
laboratory confirmation of TBM.

26.2	 �Specimen

Laboratory confirmation of TBM is best made 
with cerebrospinal fluid (CSF) [4]. CSF speci-
men is collected by lumber puncture, at the time 
of hospital admission before starting the antibiot-
ics, and submitted to the laboratory, without 
delay. The diagnostic yield of CSF microscopy 
and culture for M. tuberculosis increases with the 
volume of CSF submitted, and repeat lumbar 
puncture should be performed if the diagnosis 
remains uncertain. The safe volume of CSF 
which can be collected at different age groups is 
described by Thwaites [4] (Table 26.2). Desired 
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CSF volume varies from case to case; however, 
since it is an invasive sample whatever volume is 
available, it should not be rejected and submitted 
to the laboratory for investigations.

For diagnostic purposes, sputum sample 
should also be collected for an AFB smear and 
culture, even from cases without respiratory 
symptoms. At least two consecutive sputum 
specimens should be examined. Approximately 
60% of children with TBM have radiological evi-
dence of pulmonary TB [5].

26.3	 �Examination 
of the Cerebrospinal Fluid

Examination of the CSF is essential and typically 
reveals a moderate pleocytosis (leucocytosis) (10–
1000 × 103 cells/ml, mostly lymphocytes), raised 
protein (0.5–3.0  g/l) and CSF/plasma glucose 
<50% [6]. These values can be useful in initial 
screening and differentiating from bacterial men-
ingitis (Table 26.3); however, differentiation from 
viral and cryptococcal meningitis may be difficult 
[7]. Atypical CSF findings are well described in 
immunosuppressed patients; CSF can be acellular 
or contain a predominance of neutrophils [8, 9]. 
Atypical CSF findings have been repeatedly 
described in children with TBM as well [10]. The 
values may change with duration of illness in an 
untreated patient [10] (Table 26.4).

26.4	 �Microscopy

The most common method for diagnosing TBM 
worldwide remains smear microscopy which 
was developed more than 100  years ago. 

Demonstration of acid-fast bacilli (AFB) in CSF 
may be crucial for the rapid diagnosis of TBM; 
hence, every effort should be made to demon-
strate AFB. Literature suggests that they can be 
seen in up to 80% of adult cases but in only 
15–20% of children. Positive CSF smear and 
culture is independently associated with large 
volumes (>6 ml) of CSF submitted for examina-
tion; repeated lumbar punctures and CSF exami-
nation also increase diagnostic yield [12, 13]. A 
simple modification to the CSF Ziehl–Neelsen 
(ZN) stain improves its diagnostic performance. 
Using cytospin to prepare a monolayer of CSF 
white cells on a slide, and permeabilizing the 
cells with TritonX-100 before and during the ZN 
stain, helps in visualization of AFB by light 
microscopy in 82.9% of patients with 
TBM. Intracellular bacteria can be seen in 87.8% 
of positive specimens [14].

For demonstration of AFB in smear, either 
conventional ZN light microscopy or light-
emitting diode (LED) fluorescence microscopy is 
used (Fig. 26.1). LED microscopy is more sensi-
tive than ZN microscopy and has qualitative, 
operational and cost advantages. In 2009, WHO 
recommended that LED microscopy be phased in 
as an alternative for ZN microscopy [25]. LEDs 
provide a relatively inexpensive light source 
attachments (a LED light), requiring less power 
than conventional fluorescence microscopes, and 
can run on batteries. LED bulbs have a long half-
life and do not release toxic products, if broken. 
The diagnostic accuracy of LED microscopy is 
comparable to that of conventional fluorescence 

Table 26.2  Estimates of safe recommended CSF vol-
ume taken at lumbar puncture for different age groups

Patient population
Safe CSF volume to take at 
lumber puncture (ml)

Adult 15–17
Adolescent 12–17
Young child 10–15
Infant 6–9
Term neonate 2–4

Adapted from Thwaites et al. [4]

Table 26.3  Values of CSF parameters in TBM and bac-
terial meningitis

Marker
Tuberculous 
meningitis

Acute 
bacterial 
meningitis P value

CSF cells (per 
μL)

120 (0–1640) 4000 
(40–22,400)

<0.001

CSF 
neutrophils 
(%)

15 (0–100) 100 
(50–100)

<0.001

CSF/blood 
glucose

0.33(0.04–
0.50)

0.19(0.00–
0.50)

<0.001

CSF protein 
(mg/dL)

146 (20–1000 313(32–
1000)

<0.001

Adapted from Vibha et al. [11]
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Table 26.4  Values of CSF parameters in TBM

Tests Performance WHO endorsement Remark # of references

CSF smear 
examination for 
AFB

Can detect up to 80% 
case in adults and 
15–20% in children. 
Specificity is 100%

YES Can be improved by using
 � Larger CSF volumes
 � Repeated sampling
 � LED microscope
 � Centrifugation

[12–15]

Culture on solid 
(LJ) media

Can detect 1/3 of cases 
only

YES Major concerns
 � Poor sensitivity
 � Long turn-around time

[16]

Culture on Liquid 
Media (MGIT)

More sensitive than 
culture on LJ 
approximately by 10%

YES �More prone for contamination
 � Significant biohazard

[17, 18]

In-house NAAT Specificity 95–100%, 
sensitivity 40–60%

NO Sensitivity improved by
 � Multiplexing
 � Nested PCR
 � Concentration of CSF
 � Use of real-time platform

[6, 19–22]

Commercial 
NAAT

Sensitivity 56%, 
specificity 98%

NO Standardization difficult due to
 � Inadequate standardization of 

laboratory techniques
 � Use of highly variable 

reference standards

[23]

Xpert MTB/RIF Sensitivity 80.5%, 
specificity 98.7%

YES  � Better to rule in a case than 
ruling out

 � Best results on centrifuged 
CSF

[24]

a

b

c

Fig. 26.1  Microscopic examination of clinical sample. 
(a) Fluorescent LED microscope; (b) acid-fast bacilli in 
Ziehl–Neelsen-stained slide (under 1000× magnification 

and in bright light); (c) acid-fast bacilli in auramine-
stained slide (under 400× magnification and in fluorescent 
light)
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microscopy and is better than that of ZN micros-
copy (by an average of 10%) [15].

Microscopy is simple and inexpensive and 
allows rapid detection. It is suitable even for 
peripheral-level laboratories and can be done 
safely in a laboratory that has implemented only a 
low level of biosafety measures. However, micros-
copy for AFB cannot distinguish Mycobacterium 
tuberculosis complex (MTBC) from non-tubercu-
lous mycobacteria (NTM), viable from nonviable 
organisms and drug-susceptible strains from 
drug-resistant strains [25].

26.5	 �Culture and Species 
Identification

Culture of M. tuberculosis from CSF is regarded 
as the most definitive diagnosis, although this is 
rarely attained, as TBM is a paucibacillary dis-
ease. TBM can be confirmed in only ~1/3 of 
clinically suspected cases using culture meth-
ods [26]. Moreover, mycobacterial culture may 
take up to 42  days and has limited sensitivity 
(<50%) compared to clinical diagnostic criteria 
[5, 16].

Mycobacteria can be cultured in specific 
solid media like Lowenstein–Jensen (LJ) or liq-
uid media like Mycobacterial Growth Indicator 
Tube (MGIT®) (Figs. 26.2 and 26.3). Bacterial 
growth can be identified visually as on LJ media 
(i.e. by identifying specific characteristics) or 
by automated detection of its metabolism as 
seen in MGIT. Liquid culture methods are more 
sensitive than LJ culture [17]. All positive 
mycobacterial cultures must be tested to iden-
tify MTBC [25]. Differentiation of the members 
of MTBC is necessary for the treatment of indi-
vidual patients, which can be achieved using 
either phenotypic [27] or genotypic methods 
[28]. The use of rapid immunochromatographic 
assays to identify cultured isolates is recom-
mended because they provide results in 15 min 
[29].

Solid culture methods are less expensive than 
liquid media, but the results are almost always 
delayed because of the slow growth of mycobac-
teria. Liquid culture increases the culture yield by 
approximately 10% over solid media, and auto-

mated systems like MGIT® reduce the diagnos-
tic delay to days rather than weeks. However, 
liquid systems are more prone to contamination 
and mandate appropriate additional biosafety 
measures [29].

Culture and identification of M. tuberculosis 
provide a definitive diagnosis and also provide the 
necessary isolates for conventional DST. However, 
culture is complex, expensive, time taking and 
requiring huge laboratory infrastructure. Culture 
also requires specific laboratory equipment, 
skilled technicians and appropriate biosafety 
measures [25].

26.6	 �Drug Susceptibility Testing

There are no authentic estimates available on 
prevalence of drug-resistant extra-pulmonary 
TB, but sparse information mostly derived either 
from retrospective cohort studies or TB surveil-
lance data is available from different parts of the 
world. The drug resistance among cases of TBM 
has been reported increasingly in many countries 

Fig. 26.2  Positive Mycobacterium tuberculosis growth 
on Lowenstein–Jensen (LJ) media slants

26  Methods of Microbiological Confirmation in Tuberculous Meningitis



380

[18, 30–32]. The possibility of XDR strains in 
extra-pulmonary site has also been reported from 
India [18]. Studies from different countries have 
compared the drug resistance profiles of M. 
tuberculosis isolates recovered from pulmonary 
and extra-pulmonary sites and showed negative 
association of extra-pulmonary TB with drug 
resistance [33]. As per data accrued from differ-
ent countries, the prevalence of MDR may vary 
from 1% to 69% of total of extra-pulmonary TB 
cases [33, 34].

Different methods are available for detection 
of drug resistance in M. tuberculosis. 
Nonmolecular DST methods take longer to pro-
vide results and are suitable for use in laborato-

ries with appropriate infrastructure (particularly 
biosafety precautions). Phenotypic methods 
involve culturing M. tuberculosis in the presence 
of anti-TB agents. Interpretation is done by the 
presence of growth (which indicates resistance) 
or inhibition of growth (which indicates suscepti-
bility). Both solid and liquid media have been 
extensively validated for DST.  Liquid culture 
systems for DST take as little as 10 days to con-
clude the results, compared with the 28–42 days 
needed for conventional solid media [29]. 
Genotypic methods are based on looking for spe-
cific molecular mutations associated with resis-
tance against individual anti-TB agents. Line 
probe assays (LPAs) have been adopted by many 

a

b

c

Fig. 26.3  Isolation of Mycobacterium tuberculosis by 
semi-automated liquid culture system. (a) BACTEC 
MGIT 960 machine (Beckton, Dickson, Sparks, Md.); (b) 

Scanning and incubation of liquid culture tube (inoculated 
with sample) into the machine; (c) Positive M. tuberculo-
sis growth in liquid medium (encircled)
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countries for rapid first-line DST (to rifampicin 
and isoniazid) on smear-positive specimens or 
cultures. The use of LPA on smear-negative and 
extra-pulmonary TB samples is not recom-
mended; however, this can be used on isolates 
from extra-pulmonary TB samples. WHO recom-
mends the use of Xpert MTB/RIF even in AFB-
negative and extra-pulmonary TB samples 
including CSF [35].

26.7	 �Nonconventional Methods 
for Drug Susceptibility 
Testing

Nonconventional methods of culture and DST 
are less expensive than commercially available 
liquid culture methods but are prone to errors due 
to lack of standardization and local variations in 
the methods. WHO-evaluated methods include 
the microscopic observation drug susceptibility 
(MODS) assay, the colourimetric redox indicator 
(CRI) methods and the nitrate reductase assay 
(NRA) [36]. NRA is based on ability of M. tuber-
culosis to reduce nitrate to nitrite. The reduction 
can be detected by using specific reagents which 
produce colour change [37, 38]. MODS assay 
relies on microscopic detection of cording growth 
that is characteristic of M. tuberculosis [39]. CRI 
method or resazurin microtitre assay (REMA) is 
based on oxidation–reduction of resazurin dye 
[40]. All these three methods are rapid, easy to 
perform, inexpensive and recommended by 
WHO since 2011 [41].

26.7.1	 �Microscopic Observation Drug 
Susceptibility Method

A novel culture method using a broth culture 
medium has been designed for use in resource-
poor settings. It is used for both diagnosis and 
DST. For detection of M. tuberculosis, in cases of 
TBM, MODS showed a low sensitivity but the 
susceptibility data matched with that of 1% pro-
portion method [42]. One of the studies reported 
positive and negative predictive values for MODS 
as 100% and 71.3%, respectively, for HIV-

infected patients and 100% and 69.8% for HIV-
negative patients of TBM. [43]. It is much 
cheaper than the use of commercial liquid culture 
media and incorporates drug susceptibility test-
ing in the initial culture phase, allowing rapid 
detection of drug-resistant isolates [39]. 
Evaluation of MODS for detection of drug resis-
tance in pulmonary TB showed high sensitivity 
(92.7%) and specificity (98%) for detection of 
rifampicin resistance [41]. It has been shown to 
have superior sensitivity to solid LJ culture media 
with a substantially reduced (median 7 day) time 
to positivity. It has also been shown to be superior 
or equivalent to commercial broth culture sys-
tems in terms of yield and time to positivity [44].

26.7.2	 �Colourimetric Redox Indicator 
Method

A coloured indicator like resazurin is added to 
liquid culture medium on a microtitre plate after 
culturing M. tuberculosis strains in the presence 
of anti-TB agents, in vitro. Resistance is detected 
by a change in the colour of the indicator, which 
is proportional to the number of viable mycobac-
teria in the medium. Recently, resazurin, a non-
proprietary product, has been identified as the 
main component of Alamar blue. No expensive 
equipment is needed for conducting REMA; 
however, biosafety issues remain [41]. The 
method is slower than conventional DST meth-
ods using commercial liquid culture and molecu-
lar LPAs [45].

26.7.3	 �Nitrate Reductase Assay

NRA is a highly sensitive and specific method for 
detection of resistance to all first-line anti-TB 
drugs except ethambutol [41]. NRA is performed 
in solid LJ medium used routinely for the diagno-
sis of TB in conventional diagnostic laboratories. 
Laboratories do not have to change to another 
new media as it is performed in the same solid 
medium, which is routinely used, reducing the 
risk of production of aerosols [46]. No special-
ized or additional equipment is required.
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26.8	 �Nucleic Acid Amplification 
Tests

26.8.1	 �Conventional Method

For the diagnosis of TBM, the detection of 
MTBC DNA in CSF samples using PCR has 
been widely performed as more rapid, sensitive 
and specific diagnostic method. The results of 
PCR studies in the CSF have shown high speci-
ficity (95–100%) with limited sensitivity (40–
60%) [8, 47, 48] meaning thereby that nucleic 
acid amplification tests (NAATs) can confirm a 
diagnosis of TBM, but cannot rule it out [4]. 
Several variations in the PCR methodologies 
have been attempted to improve the sensitivity 
and specificity of the test. Various mycobacterial 
gene targets, such as insertion sequence (IS)6110; 
IS1081; 16S rRNA DNA; devR (transcriptional 
regulator, Rv3133c); 65 kDa (heat shock protein 
65, hsp65; Rv0440), MPB-64/MPT-64 (myco-
bacterial protein from species tuberculosis, 
mpb64; Rv1980c), 38  kDa (phosphate-binding 
lipoprotein, pstS1; Rv0934) and MTP-40 
(membrane-associated phospolipase C1; 
Rv2351c) proteins; TRC4 (conserved repetitive 
element), IA9110; GCRS (guanine–cytosine-
rich repetitive sequence); fbp, encoding 
fibronectin-binding protein B (30  kDa, Ag85B 
protein; Rv1886c); hupB, encoding histone-like 
DNA-binding protein (Rv2986c); and dnaJ, 
encoding chaperone protein (Rv0352), have 
been used for NAAT [19, 49–55]. Of all the 
above targets, mpb64 and IS6110 were found to 
be best performing targets, and multiplexing 
both the targets improved sensitivity and speci-
ficity [19]. Nested PCR which is another varia-
tion tried to improve the diagnostic sensitivity 
and specificity [20]. Immunomagnetic enrich-
ment of the CSF sample has also led to improved 
sensitivity [21]. In 2003, a systematic review 
evaluated the test accuracy of NAATs in the 
diagnosis of TBM [23]. Summary accuracy mea-
sures of 35 studies with in-house NAATs could 
not be determined due to heterogeneity of the 
tests. Reasons for heterogeneity included (1) 
inadequate standardization of laboratory tech-
niques, (2) the use of highly variable reference 

standards and (3) small patient numbers with 
limited statistical power [2, 56].

26.8.2	 �Commercial Method

Commercially available nucleic acid amplifica-
tion kits, such as the Gen-Probe amplified direct 
test [57], and its modification [58] and other PCR 
kits such as the Cobas Amplicor [59, 60] have 
demonstrated higher sensitivities ranging from 
60% to 83% and specificity of 100%. According 
to a meta-analysis of studies reported before 
2002, commercial NAATs were 56% sensitive 
(95% CI 46–66) and 98% specific (97–99) [23]. 
These values were pooled result of the 14 studies 
with commercial NAATs. According to another 
meta-analysis published in 2014, pooled esti-
mates of diagnostic accuracy of newer commer-
cial NAAT’s diagnostic accuracy measured 
against a cerebrospinal fluid M. tuberculosis 
culture-positive gold standard were sensitivity 
0.64, specificity 0.98 and diagnostic odds ratio 
64.0. Heterogeneity was limited; P value = 0.147 
and I2 = 33.85% [60].

Available data suggest that sensitivity of 
NAAT might be improved by real-time PCR [60–
65]. The use of real-time PCR and product detec-
tion by fluorescence using FRET (fluorescence 
resonance energy transfer) probes or SYBR 
green has been tried for detection of mycobacte-
ria by several groups [66, 67]. Quantitative nested 
real-time PCR assays were also tried [61]. Real-
time detection has a higher sensitivity compared 
to conventional methodology. By assaying CSF 
filtrates rather than sediments, sensitivity can be 
further improved although these findings need to 
be confirmed [63].

In spite of attempts at improving sensitivity 
using PCR, attempts have generally not been 
fruitful by these in-house commercial, conven-
tional or real-time PCR tests. Requirement for 
simultaneous testing of rifampicin resistance 
using multiple target genes was also felt, more so 
by high endemic countries. PCR platforms are 
generally located in reference laboratories, 
require technical expertise, are expensive and are 
prone to contamination and therefore are not 
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suitable for use by lower level of laboratories. 
Although NAATs promise a rapid, definitive 
diagnosis of TBM, the performance of first-
generation NAATs is suboptimal and variable. 
None of these in-house or commercial assays are 
endorsed by WHO.

26.8.3	 �XPERT MTB/RIF

More recently, a closed PCR system, Xpert 
MTB/RIF (Cepheid, Sunnyvale, CA, USA), has 
been developed (Fig. 26.4). The Xpert MTB/RIF 
assay uses real-time PCR and has sensitivity and 
specificity values equivalent to those from 
in  vitro CSF culture and its susceptibility to 
rifampicin, and results are available within 2 h 
[68]. Xpert MTB/RIF requires minimal training 
to operate, is a potentially point-of-care test and 
has good accuracy in smear-negative pulmonary 
TB [69, 70], extra-pulmonary TB including 
TBM [71] and HIV with TB [72]. It is economi-
cal than culture and has become available as a 
frontline diagnostic in several high-burden coun-
tries [68]. One study reported that the assay was 
nearly 12 times more sensitive than microscopy 
for the diagnosis of TBM, but the cost of pro-
cessing one Xpert MTB/RIF test was 82 times 

higher than the cost of microscopy [73]. The 
addition of vortexing step to sample processing 
increases sensitivity for confirmed TBM by 20% 
(P_0.04) [71]. A meta-analysis [74] of studies 
reported up to October, 2011, estimated that 
Xpert MTB/RIF is more sensitive compared 
with culture for the diagnosis of extra-pulmo-
nary TB.  Another meta-analysis of 18 studies 
involving 4461 samples showed that Xpert sen-
sitivity differed substantially between sample 
types. In cerebrospinal fluid, Xpert pooled sensi-
tivity was 80.5% (95% CI 59.0–92.2%) and 
specificity was 98.7% against culture. Based on 
this systematic review, the World Health 
Organization now recommends Xpert over con-
ventional tests for diagnosis of TB including M. 
tuberculosis [24].

The Xpert MTB/RIF test correctly identified 
more positive TBM in patients infected with 
HIV living in areas where there are high levels of 
TB infection cases than the other tests used to 
diagnose TBM, within 24  h of first seeing a 
patient. However, the test accuracy was best 
when the CSF sample was centrifuged at high 
speed [75]. The Xpert MTB/RIF test is useful in 
determining that a patient has TBM. It is not use-
ful in determining that a patient does not have 
TBM [76].

Fig. 26.4  Xpert MTB/
RIF machine, a model for 
processing of four samples 
simultaneously
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26.9	 �Adenosine Deaminase 
Method

ADA is considered an indicator for the cell-
mediated immunologic reaction. It is found 
mainly in T lymphocytes [76]. ADA has been 
considered as a marker of cell-mediated immu-
nity and may reflect host-defensive mechanisms. 
ADA is an enzyme that degrades adenosine into 
inosine and ammonia. ADA activity in pleural 
fluids, peritoneal fluids and pericardial fluids is a 
useful indicator of tuberculous infection [77–80]. 
The role of CSF ADA activity has been evaluated 
for the early diagnosis of TBM. Piras and Gakis 
[81] have suggested increased CSF ADA activity 
as a diagnostic marker for TBM. Following their 
lead, many previous studies have suggested that 
CSF ADA activity could be used as a method for 
differentiating TBM from non-TBM [82–84]. 
Many studies have been published signifying the 
diagnostic value of CSF ADA; there are no 
reports of standardized ADA cut-off values and 
serum ADA activity for diagnosing TBM [82]. 
The role of ADA in diagnosing TBM is not vali-
dated in a large-scale study. CSF ADA levels 
depend on the patient’s immune status, sample 
size, racial differences and age. Hence, CSF ADA 
activity should be interpreted with caution in 
light of the patient’s condition [85].

26.10	 �Interferon Gamma Release 
Assays

Interferon gamma release assays (IGRA) are val-
idated and discarded for use in diagnosis of any 
form of TB including TBM under any setting, by 
WHO [3]. Commercially, two IGRA tests are 
available: Quanti-FERON-TB Gold [QFT-G] and 
an enzyme-linked immune spot assay (T-SPOT 
TB). Quanti-FERON-TB Gold In-Tube (QFT-
G-IT) test uses enzyme-linked immunosorbent 
assay (ELISA) technique to measure cell-
mediated immunity in response to proteins spe-
cific for M. tuberculosis complex [86]. The 
sensitivity and specificity of the test vary mark-
edly, and it has been demonstrated that both 
whole blood and CSF QFT-G-IT have low 

sensitivity and specificity in diagnosing TBM 
and had no prognostic value [87]. Some studies 
have reported that CSF lymphocytes die rapidly 
when stimulated with M. tuberculosis-specific 
antigens ex vivo and the test fails [88].

�Conclusion

Available tests for microbiological confirma-
tion of TBM are still suboptimal. Xpert MTB/
RIF is a good point-of-care test with limited 
sensitivity. Cost is a limiting factor for 
resource-poor countries where most of the 
cases are. Even today, holding on to strong 
clinical suspicion and early initiation of treat-
ment will render best treatment outcome. 
There is a serious need for a more sensitive, 
specific and economical point-of-care test for 
laboratory confirmation of TBM, to facilitate 
better case management.
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27.1	 �Introduction

Central nervous system (CNS) tuberculosis 
(TB) consists 1% of all TB cases and 5–10% 
of all extrapulmonary TB cases. TB develops 
due to primary hematogenous dissemination 
of TB bacillus from the primary focus located 
in pulmonary, peribronchial, and peritracheal 
regions. Miliary dissemination is another way 
of dissemination. CNS TB includes TB menin-
gitis (TBM), intracranial tuberculomas, TB 
abscesses, spinal TB, and arachnoiditis (Figs. 
27.1 and 27.2). TBM is the most common and 
serious form of CNS TB [1–3]. The number of 
clinical studies about CNS TB is less com-
pared to pulmonary TB. There is an ongoing 
debate about the treatment modalities and the 
duration [4]. CNS TB is more prevalent among 
human immunodeficiency virus (HIV)-positive 
and pediatric patient populations. Empirical 
treatment should be initiated immediately 
since any delay can lead to mortality and mor-
bidity [1, 2].

In this section anti-TB agents and corticoste-
roids will be discussed based on literature 
knowledge.

27.2	 �Antituberculosis Drugs

Since the late initiation of the treatment can lead 
to mortality or serious morbidity, empirical treat-
ment should be started immediately after the 
prediagnosis of CNS TB. The main components 
in the treatment of CNS TB are the same as in 
other TB manifestations and can be listed as iso-
niazid (INH), rifampicin (RIF), pyrazinamide 
(PZA), ethambutol (EMB), and streptomycin 
(STR) [1, 3, 5]. In this section, first-line and sec-
ond-line anti-TB agents will be discussed.

27.2.1	 �Isoniazid

INH (isonicotinic acid hydrazide) is the most 
commonly used anti-TB agent. It is the main com-
ponent of the anti-TB treatment since the effi-
ciency of the agent against TB has been found in 
1952 [6]. INH is effective against bacilli that are 
actively reproducing. INH is used as a single-dose 
treatment (maximum 300  mg), can be absorbed 
from gastrointestinal tract near to full concentra-
tion, and reaches the peak plasma concentration 
(2–5 μg/ml) in 1–2  h. This concentration is far 

Fig. 27.1  Contrast-enhanced MRI shows miliary tuberculoma of the brain in patient with miliary pulmonary TB 
(Courtesy of RK Garg)
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above the minimum inhibitory concentration 
(MIC) of the drug for TB bacillus. INH can pen-
etrate to all body fluids, cavities, and CNS and 
reaches the similar levels of concentration [6].

27.2.2	 �Rifampicin

RIF has been synthesized from Streptomyces 
mediterranei in 1957 and has been used as one of 
the main components of anti-TB treatment since 
1971 [7]. RIF is a bactericidal antibiotic and 
effective against intracellular, rapidly reproducing 
bacillus and bacillus with low metabolic activity 

and slow reproduction. It is rapidly absorbed from 
the gastrointestinal tract after oral use (maximum 
600 mg/day) and reaches to its peak plasma con-
centration (7–14 μg/ml) within 1. 5–3  h. It can 
penetrate through the inflamed meninx and reach 
to the treatment doses in CSF [8, 9].

27.2.3	 �Pyrazinamide

Although the exact mechanism of action of PZA 
is not fully understood; it sterilizes the semi-
dormant bacillus present in the acidic environment 
in necrotic caseous lesions [10, 11]. The drug can 

Fig. 27.2  Axial T1-weighted contrast-enhanced MRIs demonstrating multiple tuberculomas in the basal parts of both 
the cerebral hemispheres and brainstem (Courtesy of FH Chowdhury)
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be absorbed from the gastrointestinal tract after 
oral use in standard dose. It reaches to its peak 
plasma concentration (50  μg/ml) 2  h after oral 
use [12]. PZA can penetrate through the inflamed 
meninx and can be used in CNS TB [13].

27.2.4	 �Ethambutol

EMB is a bacteriostatic synthetic anti-TB agent. It 
inhibits arabinosyltransferase that requires for bio-
synthesis of arabinogalactan in the cell wall [14]. 
Seventy five to eighty percent of the drug is 
absorbed after oral use and reaches to peak plasma 
concentration in 2–3 h. It penetrates to all body tis-
sues but cannot penetrate into CNS. The CSF con-
centration of the agent is in between 10% and 50% 
of the plasma concentration even in the presence 
of meninx inflammation [15].

27.2.5	 �Streptomycin

STR is a bactericidal antibiotic which inhibits the 
protein synthesis by binding to 30s subunit of the 
bacterial ribosome irreversibly and can be used 
intramuscularly [16]. It can penetrate to extracel-
lular fluid but cannot penetrate to intracellular 
compartment. The blood-brain barrier penetra-
tion is very low even in the presence of TBM 
[17]. Among patients in a high-incidence coun-
try, the relatively high resistance rate to STR lim-
its its usage. Kanamycin, amikacin, or 
capreomycin can be used instead of STR [18].

27.2.6	 �Fluoroquinolones

Moxifloxacin, gatifloxacin, and levofloxacin 
are the most effective agents among fluoro-
quinolones. These agents can be used in the 
treatment of multiple drug-resistant (MDR) 
TB and in the prophylaxis of patients who had 
a contact with a MDR TB patient [19, 20]. 
Since the use of EMB is contraindicated in 
CNS TB, fluoroquinolones are the fourth 
most effective agent in CNS TB. These drugs 
are contraindicated in pregnant and breast-
feeding women [21].

27.2.7	 �Ethionamide 
and Prothionamide

These bacteriostatic agents are the second choice 
in the treatment of MDR TB. Thionamides can 
only be orally used and their gastrointestinal 
absorption is very well. It can rapidly penetrate to 
all tissues, and CSF concentration is very near to 
plasma concentration even without meninx 
inflammation [16].

27.2.8	 �Cycloserine

Cycloserine is the second-line therapy in the 
treatment of MDR TB. It can be used in the pres-
ence of hepatotoxicity since it is non-hepato-
toxic. It can be rapidly absorbed from the 
gastrointestinal tract near fully. It can only be 
used orally and penetrates to all tissues. CSF 
concentration of the agent is near to its plasma 
concentration [15].

27.3	 �Penetration 
of Antituberculosis Agents 
into Cerebrospinal Fluid

The CSF penetration of the anti-TB agents is 
very crucial in the treatment of CNS TB.  CSF 
penetration of INH, RIF, and PZA is quite well. 
INH can penetrate to CSF in adequate levels in 
the entity of meningeal inflammation. The CSF 
concentration is in between 20% and 90% of 
plasma concentration and 10–15 times higher 
than MIC of TB bacillus. CSF concentration of 
RIF can reach to 20–30% of plasma concentra-
tion in the entity of meningeal inflammation. 
EMB and STR are not found in the CSF in the 
lack of meninx inflammation but can reach to 
10–50% of the plasma concentration in the pres-
ence of meninx inflammation. CSF penetration 
of PZA, ethionamide, and cycloserine is adequate 
[22–24]. Also fluoroquinolones have excellent 
CSF penetration [25].

In conclusion, a great majority of the first-line 
anti-TB chemotherapeutical agents can penetrate 
to CSF, and the CSF concentrations of these 
agents are increased in the presence of meninx 
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inflammation. Therefore, intrathecal treatment is 
not routinely used in treatment of CNS TB.

27.4	 �Treatment Modalities 
and Duration

There is not a consensus about the treatment 
modality and the duration of the treatment against 
CNS TB. According to American Thoracic Society/
Centers for Disease Control and Prevention/
Infectious Diseases Society of America, the dura-
tion of the treatment should be 9–12 months. It is 
recommended to use the combination of INH, RIF, 
PZA, and EMB for 2 months and to continue the 
treatment with INH and RIF for 7–10 months [18]. 
In the guideline of World Health Organization 
(WHO) published in 2010, the duration of the treat-
ment was indicated as 9 months, and it was also 
stated that a shorter treatment for 6 months similar 
to pulmonary TB can also be used [26]. In the 
guideline of National Institute for Health and 
Clinical Excellence (NICE) published in 2011, it 
was stated that there is not enough evidence in 
order to decrease the duration of the treatment and 
the treatment should be continued for 12 months 
[27]. The duration can be different in patients with 
neurological deficit or HIV [18, 26, 27].

Although the treatment modalities are differ-
ent than each other, we can divide it into two as 
initiation and maintenance treatments. In the ini-
tiation treatment, it is aimed to eradicate the rap-
idly reproducing bacillus with bactericidal 
activity. Discontinuation of the treatment can 
lead to drug resistance and failure of the treat-
ment. INH, RIF, and PZA should be started in the 
initiation therapy since these are bactericidal 
antibiotics and can penetrate to CSF in adequate 
levels. STR or EMB can be added as the fourth 
agent [5, 28]. The maintenance treatment lasts for 

7–10 months, and combination of INH and RIF is 
used in the maintenance treatment [18, 26–28]. 
In children with TBM, an initial four-drug regi-
men of INH, RIF, PZA, and ethionamide or an 
aminoglycoside is recommended [18].

The treatment modalities have been changed 
since the invention of new anti-TB agents during 
the last 50 years. The first ever treatment combi-
nation was para-aminosalicylic acid (PAS), INH, 
and STR, and the duration of the treatment was 
24 months. EMB replaced PAS in the mid-1960s, 
and the duration was decreased to 18  months. 
RIF was invented in the late 1960s, and the dura-
tion was decreased to 9–12 months with the 95% 
of success rate. The treatment has been using 
orally since the introduction of PZA in the early 
1980s, and the duration was decreased to 
6–8  months. The relapse rate was decreased to 
8% from 22% with the use of PZA and to 3% 
with the use of RIF [1, 29].

The combination of 2  months of INH, RIF, 
PZA, and EMB initiation therapy and 4–6 months 
of INH and RIF maintenance therapy has been 
using since 1980s [26]. The 6 months and 8 
months of total treatment modalities have been 
compared in the multicenter studies, and the 
6 months of therapy was found to be more suc-
cessful [22, 30]. However in the guideline of 
NICE published in 2011, it was stated that these 
studies were not adequate or reliable and the 
treatment should be continued for 12 months, and 
it can be prolonged up to 18 months in patients 
who cannot tolerate the PZA treatment [27].

INH, RIF, and PZA should be included in all 
treatment modalities of CNS TB since these agents 
are bactericidal and penetrate to CSF in adequate 
levels. All agents should be used as a single-dose 
oral treatment (STR can be used by intramuscular 
injection) [26]. The pharmacological doses of the 
agents are summarized in the Table 27.1.

Table 27.1  Anti-TB agents used in the treatment of CNS TB and doses

Name
Daily dose (mg/kg/day) 
(pediatric patients)

Daily dose (mg/kg/
day) (adult)

Maximum daily dose 
(mg) Duration (months)

Isoniazid 5–15 5 300 6–12
Rifampicin 10–20 10 600 6–12
Pyrazinamide 15–20 15 1000 2
Ethambutol 15–25 15 1500 2
Streptomycin 15–20 15 1000 2
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27.5	 �Treatment-Related 
Complications

27.5.1	 �Peripheral Neuropathy

Peripheral neuropathy (PN) is one of the most 
common complications of INH. INH leads to PN 
by altering the metabolism of pyridoxine (vita-
min B6) which is a neurotransmitter of 
CNS.  Pyridoxine prophylaxis is advised in 
patients with malnutrition, HIV, renal failure, and 
epilepsy. The proposed dose of pyridoxine is 
25  mg/day. The dose can be increased to 100–
300 mg/day in the presence of serious neurologic 
adverse effects [15, 31].

27.5.2	 �Hepatotoxicity

RIF and INH have a potential of hepatotoxicity. 
The risk is significantly increased in patients 
with HIV, viral hepatitis, and alcoholism. Other 
factors related with the hepatotoxicity are 
underlying hepatic disease, hepatotoxic drug 
use, and postpartum period [32, 33]. RIF can 
lead to asymptomatic hyperbilirubinemia, and 
the hepatitis is in the form of cholestasis [34]. 
PRZ-related hepatitis is rarely seen with stan-
dard doses. Addition of PRZ to the combination 
of INH and RIF is not related with a significant 
increase in the hepatotoxicity. Isolated transam-
inase elevation is more common in this combi-
nation [16]. Transaminase level should be 
monitored in patients with the hepatotoxicity 
risk [32]. Although there are conflicting opin-
ions about the approach to these patients, the 
treatment should be stopped in the presence of 
three- to fivefold bilirubin increase, nausea, 
vomiting, and jaundice. A non-hepatotoxic 
agent such as EMB or STR can be started, and a 
fluoroquinolone (i.e., moxifloxacin) can be 
added. Since RIF and INH are the two most 
important agents in the treatment of CNS TB, 
plasma transaminase levels should be monitored 
closely and added to the treatment when the 
plasma transaminase level decreases to normal 
levels [32, 35].

27.5.3	 �Nephrotoxicity

PRZ and EMB are eliminated from the kidney, 
and dose adjustment should be made in patients 
with a creatinine clearance level below 30  ml/
min. Dose adjustment is also recommended in 
aminoglycoside or cycloserine using patients 
with low creatinine clearance [36].

27.5.4	 �Optic Neuritis

Optic neuritis is defined as optical nerve damage 
manifested as decreased visual acuity and red/
green dyschromatopsia developed in one or both 
eyes due to EMB use. The incidence is increased 
in patients with renal failure or patients using 
higher doses of EMB. EMB should be stopped 
and excluded from the treatment in the presence 
of optic neuritis development. Routine use of 
EMB in pediatric patients is not advised since 
visual acuity cannot be evaluated in these 
patients [15, 32].

27.6	 �Role of Corticosteroids

The subject about the role of corticosteroids in TB 
treatment is controversial. Corticosteroids prevent 
tissue damage and decreases the symptoms by 
decreasing the inflammatory cytokine secretion 
[25]. CNS and pericardial TB are the subtypes that 
corticosteroid use is indicated. There are several 
studies indicating that corticosteroid use decreases 
the mortality and morbidity risk in CNS TB. The 
mortality risk was found to be decreased especially 
in pediatric population with the use of corticoste-
roids. Although controlled studies are necessary 
about the use of corticosteroids in HIV-positive 
patients, initial adjunctive corticosteroid therapy is 
advised for the treatment of CNS TB in all HIV-
negative patients [18, 27, 37, 38]. The dose and the 
route are also controversial about the steroid use. 
Parenteral (intravenous) 0.3–0.4 mg/kg/day dexa-
methasone can be initiated and used for 6–8 weeks 
with decreasing doses. Methylprednisolone (1 mg/
kg/day) or another oral corticosteroid can also be 
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initiated, and the dose can be decreased according 
to the clinical status of the patient. Intrathecal 
administration of the corticosteroids is not recom-
mended [25, 32, 38].

27.7	 �Resistance 
to Antituberculosis Therapy

The emergence of resistant TB forms, which are 
difficult to treat, is a major global health problem 
[39]. MDR-TB is outlined as resistance to at 
least RIF and INH. An additional resistance to 
any fluoroquinolone and second-line injectable 
agent (amikacin, kanamycin, or capreomycin) to 
MDR-TB is defined extensively drug-resistant 
(XDR) TB [39, 40]. MDR-TB should be consid-
ered if there is a history of prior TB treatment, 
contact with a patient with MDR-TB, or inade-
quate clinical response to first-line therapy [40, 
41]. Mortality among MDR-TBM cases is very 
high [24, 41]. Mostly, the treatment of MDR-
TBM is endured in the treatment of MDR pul-
monary TB [41]. Whereas resistance to INH, one 
of the most valuable first-line anti-TB agents for 
TBM, can affect the prognosis of TBM treatment 
more than that of pulmonary TB [42].

The management of TBM with MDR strains 
is best guided by drug susceptibility testing 
results and the CSF penetration properties of 
anti-TB drugs. A regimen with at least five 
effective anti-TB drugs for condensed phase is 
recommended by WHO [20]. The MDR-TB 
regimen should include PZA, a fluoroquinolone, 
a second-line injectable agent, and two of ethi-
onamide (or prothionamide), cycloserine (or 
terizidone), linezolid, and clofazimine [20]. A 
total length of treatment period of 20  months, 
including a condensed phase of 8  months, is 
proposed for most patients. But the period may 
be revised according to patient’s response to 
therapy [20].

The lack of effective and well-tolerated medi-
cations and adverse drug reactions complicate 
the treatment of MDR-TB of CNS.  Patients 
should be treated by physicians experienced in 
this field [40].

Conclusion

CNS TB is a dangerous disease with a high 
mortality and morbidity risk requiring long-
term treatment. Although there is an ongoing 
debate about the treatment modalities and the 
duration, the most important factor affecting 
the success rate of the treatment is the early 
initiation of therapy. Future studies are neces-
sary in order to reveal the efficacy of short-
term treatment with combination of the four 
agents. Treatment duration was indicated as 
9–12 months. Use of corticosteroids in HIV-
negative patients and pediatric patients can 
decrease the mortality and risk of neurological 
morbidity development. Resistance to anti-TB 
therapy is a special issue that must be man-
aged properly. Rapid and accurate diagnosis, 
choosing a regimen including most appropri-
ate drug for CSF penetration, have become 
more important for MDR-TB of CNS.
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28.1	 �Introduction

There are a number of factors that will influence 
the development of an intracranial infection: the 
virulence of the offending organism, the integrity 
of the immune system of the host, the microbio-
logical inoculum size, and whether immunosup-
pression is present, either inherent or medication 
related. The likelihood of a central nervous sys-
tem (CNS) infection developing is also influ-
enced by the prolongation of survival in cancer 
patients and whether an organ transplant is pres-
ent. Detecting an intracranial infection and fol-
lowing the therapeutic response are now possible 
due to the availability of computed tomography 
(CT) and magnetic resonance imaging (MRI). 
The ability to sample remote areas of the brain 
suspected to harbor infection can now be accom-
plished using neuronavigation and intraoperative 
MRI (ioMRI) guidance [1]. The availability of 
new antimicrobial agents with better penetration 
of the CNS and reduced systemic toxicity has 
improved our ability to treat some CNS infec-
tions that were previously uniformly fatal, such 
as tuberculosis (TB). The prompt identification 
of the causative organism combined with surgical 
decompression of neural elements can result in 
improved clinical outcomes. The infectious eti-
ologies of TB that can affect the brain and require 
surgical intervention are epidural abscess (EA), 
subdural empyema (SE), and tuberculous brain 
abscess (TBA). Spinal infectious involvement is 
usually limited to the vertebral column or the epi-
dural space.

28.2	 �Patient Selection

The clinical manifestations of TB that involves 
the CNS include diffuse exudative leptomeningi-
tis, serous tuberculous meningitis (TBM), EA, 
SE, TBA, and intraspinal abscess where concur-
rent TBM and TBA affect 10–50% of patients 
[2]. The symptomatology associated with TB of 
the CNS includes headaches, lethargy, coma, 
weight loss, meningismus, hemiparesis, seizures, 
and fever and can be seen in all age groups in 

endemic areas [2]. The hematogenous spread of 
TB to the brain from a pulmonary source occurs 
in 10–15% of patients in developing regions of 
the world [3].

Underlying predisposing conditions that can 
lead to the development of TB of the CNS include 
acquired immunodeficiency syndrome (AIDS), 
diabetes mellitus, pregnancy, intravenous drug 
use, immigration, homelessness, population 
overcrowding, and immunosuppression associ-
ated with advanced age, alcoholism, chemother-
apy, and organ transplantation [2–4]. The rate of 
reactivation of latent TB in patients with human 
immunodeficiency virus (HIV) infection is 3–12 
times higher than in patients without HIV infec-
tion [5]. Approximately 20–36% of HIV patients 
develop TB of CNS usually in the form of menin-
gitis in the presence of disseminated disease [5]. 
Neurological manifestations occur in more than 
12% of TB cases with immune reconstitution 
inflammatory syndrome that occurs after the ini-
tiation of highly active antiretroviral therapy [5]. 
Kidney and lung transplant recipients are particu-
larly susceptible to TB infection with 10–25% 
developing TBA [5].

The prognosis for patients with SE is related 
to the extent of the infection, the level of con-
sciousness, and whether there was a delay in 
diagnosis before initiating treatment [2, 6]. The 
mortality rate from SE is higher with burr hole 
drainage than with craniotomy which could be 
due to the medical condition of the patient 
which necessitated their treatment with burr 
holes. SE has a morbidity rate of 26% and a 
mortality rate of 12% [7]. TB of the CNS of the 
brain usually carries a poor prognosis although 
40% in coma made a full recovery [4]. A miliary 
pattern of the disease in the brain carries a poor 
prognosis [2].

In recent years, the resurgence of TB has been 
associated with a concomitant rise in spinal TB 
known as Pott’s disease in Southeast Asia and 
Africa and many countries of Middle East and 
Eastern Europe including Turkey [8–11]. 
Although the disc space can become infected 
with atypical TB, the vertebral bodies are more 
likely to be involved. TB spinal osteomyelitis is 
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seen in at-risk populations such as those with 
HIV infection. One single vertebral level is usu-
ally involved in spinal TB, but multiple levels can 
be affected in 20% [8].

Spinal EA due to Mycobacterium tuberculo-
sis is common in Asia and Africa and is becom-
ing more common in North America. Because of 
the high incidence of HIV infection in Russia, 
eastern and central Africa, and India, M. tuber-
culosis is highly prevalent. Crowded living con-
ditions, malnutrition, and the emergence of 
resistant strains of TB can lead to the propaga-
tion of the disease. The bone and joints are 
affected in 3–5% of patients with TB in contrast 
to 60% of patients with coexisting HIV infection 
[12]. The spine is involved in half of those TB 
patients with bone involvement. The thoraco-
lumbar spine is the most commonly involved 
location due to either hematogenous spread or 
by direct extension from a pulmonary source. 
The clinical course for spinal TB is more indo-
lent than most other spinal infections and results 
in spinal deformity development more often 
[12]. The posterior elements of the vertebral 
body are more commonly involved in spinal TB 
than in other spinal infections producing defor-
mity more often. Paraspinal abscess is common 
with liquid pus in the early stages that lead to 
caseous material with bony necrosis, ligamen-
tous disruption, and spinal deformity in later 
stages [12]. In chronic infection, a fibrous reac-
tion occurs that improves but does not com-
pletely restore spinal stability.

28.3	 �Preoperative Testing

As with most intracranial infections, the periph-
eral white blood cell (WBC) count is elevated in 
EA, SE, and TBA. Blood cultures may be positive 
in SE and TBA.  In TBA, the peripheral WBC 
count is elevated in 60–70%, and the erythrocyte 
sedimentation rate (ESR) is increased in up to 
90% of cases [2, 6]. The ESR and C-reactive pro-
tein (CRP) levels are elevated in EA, SE, and 
TBA, and these markers can be used to diagnose 
the presence of an infection and to follow the 

response of that infection to treatment. The WBC, 
ESR, and CRP counts are usually elevated in ver-
tebral osteomyelitis. The ESR and CRP levels can 
be elevated after surgery with the ESR level 
reaching a peak at postoperative day 5 and remain-
ing elevated for weeks, whereas the CRP level is 
maximal at 2  days and returns to normal after 
5–14 days [8]. The fact that the CRP is normal 
before the ESR makes the test more useful for 
diagnosing late infections. In patients suspected 
to have spinal infection, blood cultures should be 
drawn before antibiotics are started to maximize 
the diagnostic yield of identifying the responsible 
organism. Ideally, the blood cultures should be 
drawn from three different sites at different times.

The cerebrospinal fluid (CSF) profile for 
patients with TBM will demonstrate a lympho-
cytic pleocytosis and a low glucose level. 
Culturing the CSF for M. tuberculosis has a sensi-
tivity of 18–83%, and the results are often delayed 
for weeks [13, 14]. Due to the increasing preva-
lence of drug-resistant strains of the organism, it 
is essential that antibiotic susceptibility testing be 
performed on the isolates. Analysis of the CSF 
using the polymerase chain reaction (PCR) can 
diagnose TBM, although the test has not been 
standardized [13, 14]. A positive purified protein 
derivative (PPD) test or gamma interferon release 
assay can be used to diagnose latent TB, but both 
tests lack the sensitivity and specificity to support 
or exclude the diagnosis of meningitis [13]. In 
areas where TB is endemic, spondylitis can occur 
by hematogenous dissemination. In patients sus-
pected to have TB spondylitis, a tuberculin skin 
test (TST) should be performed [8].

Although rarely obtained today, plain cranial 
x-rays can demonstrate sinusitis, mastoiditis, or 
osteomyelitis. Plain spine radiographs are not 
very sensitive or specific for diagnosing vertebral 
osteomyelitis. Erosion of the vertebral cartilage 
end plates (CEPs) or rarefaction of the vertebral 
body can take weeks to develop with collapse or 
fracture of the body representing a late develop-
ment [8]. In particular, CT is the best study for 
evaluating bony involvement of TB, cranium 
(Fig.  28.1) or spine, called Pott’s disease 
(Fig.  28.2), and it is essential for preoperative 
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planning if surgical fixation of the vertebral col-
umn is indicated [8]. The administration of intra-
venous contrast can demonstrate enhancement in 
the face of an infected disc or bone in the pres-
ence of an abscess. Those enhancing areas seen 
on CT can represent targets for CT-guided biopsy 
or aspiration that may lead to the identification of 
the causative organism. Although not as sensitive 
or specific for detecting spinal infection as MRI, 
CT is usually adequate in patients unable to have 
MRI due to the presence of implanted devices or 
when they are morbidly obese. Myelography is 
rarely used because of its invasive nature and the 

potential to seed the CSF in the presence of infec-
tion leading to the development of TBM.

Radiologically, an enhanced MRI is probably 
the most reliable imaging modality for diagnos-
ing vertebral column infections. For discitis, MRI 
has a sensitivity and specificity of over 90%, and 
in vertebral osteomyelitis, the sensitivity is 96% 
and the specificity is 93% [8]. Intravenous con-
trast will demonstrate inflammation of the verte-
bral CEPs and abscess formation (Fig.  28.2). 
Destruction of the CEPs, vertebral body collapse, 
and kyphotic deformities are late findings seen in 
vertebral column infection [8].

Fig. 28.1  CT of the cranium showing a TB lesion located 
left frontal bone with extension to the scalp and extradural 
space. Note that intraoperative pictures illustrating cranial 

defect area in the left frontal region (Courtesy of FH 
Chowdhury)
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Cerebral tuberculomas enhance intensely after 
contrast administration on CT and MRI and are 
often surrounded by significant cerebral edema [4]. 
Two-thirds of patients have multiple lesions on CT 
or MRI that are located in the cerebral hemispheres, 
although the brainstem and cerebellum can also be 
involved (Figs. 28.3, 28.4, and 28.5) [15]. Additional 
findings that can be present on the CT scan in TB of 

the CNS are hydrocephalus, calcification, mass 
effect, midline shift, and cortical and subcortical 
infarction (Fig. 28.6) [2, 15]. A calcified granulo-
matous reaction involving the basal meninges can 
also be seen on CT of the head [13]. In some cases, 
simultaneous involvement of the cerebral hemi-
spheres and the spinal column, called Pott’s disease, 
in same patient may be observed (Fig. 28.7).

Fig. 28.2  Preoperative parasagittal T1- and T2-weighted 
MRIs (a), parasagittal (b) and coronal (c) CT sections 
of a patient with craniovertebral junction TB with insta-
bility as well as pre- (d) and postoperative (f), and 

x-rays of the same patient. Note that an operative figure 
demonstrating posterior spinal fusion material (e) 
(Courtesy of FH Chowdhury)

a

b

c
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Fig. 28.3  MRI of a 34-year-old female patient, who pre-
sented with headache and epileptic seizure, demonstrates 
the presence of tuberculous meningitis (TBM) affecting 

basal cistern as well as enhancing multiple TB granulomas 
in mesencephalon in axial T1 (a)- and T2 (b)-weighted 
images (Courtesy of E Kalkan)

e

d

f

Fig. 28.2  (continued)
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MRI of a cerebral tuberculoma will most com-
monly show a hypointense or isointense center 
with a hyperintense rim on T2-weighted or fluid-
attenuated inversion recovery (FLAIR) scans 
(Figs.  28.3, 28.4, and 28.8) [2, 15]. Cerebral 
angiography and CT angiography can be used to 
diagnose infectious intracranial aneurysms due to 
M. tuberculosis. In some cases, it may be compli-
cated with TBA with parameningeal collection 
and venous thrombosis, in addition to intra-axial 
tuberculomas (Fig. 28.4).

28.4	 �Medical Management

Once the diagnosis of TBM is suspected, antibi-
otic therapy should begin immediately because 
of the high morbidity and mortality rates with-
out treatment. Once the diagnosis of TB of the 
CNS is made either by brain biopsy or via crani-
otomy, anti-TB chemotherapy in the form of 
isoniazid (INH), rifampin (RIF), pyrazinamide 
(PZA), and either ethambutol (EMB) or strepto-
mycin (SM) should be administered for 
12–18  months [2]. The combination can be 
altered once the results of the antibiotic suscep-
tibility testing are known. When EMB and/or 
PZA were used to treat tuberculoma, resolution 
was seen in 18.2% after 9 months and in 54% 
after 24 months [16]. The rate of tuberculoma 
resolution was not influenced by the number of 
lesions, corticosteroid administration, prior 
anti-TB treatment, or symptom duration prior to 
presentation, although larger lesions took longer 
to resolve than did smaller ones [16]. In TBM, 
adjuvant corticosteroid administration has been 
shown to decrease neurologic sequelae and 
improve survival [14].

The reasons to treat a cerebral tuberculoma 
medically include a location deep within the 
brain or in an area with eloquent neurological 
function, the inability of the patient to have gen-
eral anesthesia because of medical comorbidities, 
the presence of concurrent TBM or ventriculitis, 
the presence of multiple lesions (Figs. 28.3, 28.4, 
28.5, 28.6, 28.7, and 28.8), or when the place-

ment of a shunt is necessary because of the 
presence of hydrocephalus that could become 
infected if the TBA is treated surgically [2, 6]. In 
general, the maximum diameter of the lesions 
that are treated medically should not exceed 
2.5  cm. A major disadvantage to medical man-
agement alone is the potential that the intracere-
bral process being treated does not represent TB, 
but is actually a hematoma, neoplasm, or cerebral 
infarct.

In spontaneous spinal infections, the admin-
istration of antibiotic therapy tailored to treat 
the causative organism is the mainstay of treat-
ment with surgery usually reserved for select 
indications such as neurologic impairment or 
spinal instability. Medical treatment is usually 
successful for the majority of patients with TB 
vertebral osteomyelitis [8]. Postoperative osteo-
myelitis is treated with a combination of surgi-
cal debridement and appropriate antibiotic 
therapy.

The initial antibiotic regimen for treatment of 
spinal TB is a combination of four drugs for 
2 months: INH, RIF, EMB, and PZA. Subsequently, 
the antibiotic coverage is reduced to INH and RIF 
for a 6–12-month course of treatment. Due to the 
emergence of multidrug-resistant TB, antibiotic 
susceptibility testing of the isolate is essential. 
The patient’s response to treatment should be 
monitored closely with a lack of symptomatic 
improvement, continued elevation of the CRP 
after 4  weeks of therapy, and persistent fevers 
suggesting that the treatment has failed [8]. 
Medical treatment alone can lead to a solid spinal 
fusion in 65–79% of TB cases [8].

In spontaneous spinal infections, the adminis-
tration of antibiotic therapy tailored to treat the 
causative organism is the mainstay of treatment 
with surgery usually reserved for select indica-
tions such as neurologic impairment or spinal 
instability. Medical treatment is usually success-
ful for the majority of patients with TB vertebral 
osteomyelitis (Figs.  28.7 and 28.9) [8]. 
Postoperative osteomyelitis is treated with a 
combination of surgical debridement and appro-
priate antibiotic therapy.
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Fig. 28.4  MRI of the brain showing a right cerebellar 
conglomerate lesion which is hyperintense on T2W (a) 
and iso- to hypointense on T2-FLAIR (b) with an evi-
dence of parameningeal collection on T1-gadolinium-
contrast sequence (c). Restriction on DWI is evident (d). 

Thrombosis of right jugular bulb can be noted (arrow, a). 
The findings are suggestive of a TB abscess with parame-
ningeal collection and venous thrombosis (Courtesy of 
RK Garg)
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28.5	 �Surgical Tricks

Intracranial surgical procedures to treat EA, SE, 
and TBA can be both diagnostic and therapeutic. 
The successful drainage of intracranial suppura-
tion is dependent on the viscosity of the collection 
and on its location. When surgically approaching 
deep-seated or eloquent brain locations, neuronav-
igation-guided needle aspiration may be neces-
sary. Depending on the viscosity of the presumed 
fluid collection, it may not be possible to aspirate 
the material, and antibiotic treatment alone may be 
required. For this same reason, insertion of a drain-
age catheter in order to instill antimicrobial agents 
is often ineffective due to inadequate penetration.

28.5.1	 �Surgical Aspiration

If the suppurative collection can be aspirated, this 
approach has several advantages that include the 
ability to use local anesthesia to perform the pro-
cedure; increased intracranial pressure (IICP) may 
be quickly relieved; the presence of infection is 

verified; the infection location is confirmed; the 
causative organism may be isolated; and whether 
the TBA is encapsulated is determined [2, 6]. 
Unfortunately aspiration has several disadvan-
tages that include the possibility of rupture of TBA 
contents into the ventricular system resulting in 
ventriculitis or their spillage into the subarachnoid 
space causing meningitis. In the presence of a 
mature abscess, the potential to need a repeat aspi-
ration procedure of the TBA is quite high.

28.5.2	 �Repair of Cranial Defects

Burr hole evacuation of EA is often ineffective 
due to the thick nature of the purulent material, 
and a formal craniotomy for evacuation may be 
necessary. If osteomyelitis involving the bone is 
present, the involved portion of the bone should 
be debrided with a drill or just removed with the 
ensuing cranial defect being covered by titanium 
mesh. If the cranial defect is large and cannot be 
adequately covered with titanium mesh, a delayed 
cranioplasty may be necessary after the infection 
has resolved. Synthetic materials such as PEEK 
(polyether ether ketone) can be used to cover cra-
nial defects after the infection has been ade-
quately treated. The cranioplasty is secured in 
place with titanium plates and screws. When 
treating EA, the dura mater should not be 
breached unless a SE is strongly suspected.

28.5.3	 �Craniotomy for Drainage

The majority of patients with SE receive surgical 
treatment. Craniotomy for drainage of SE is the 
preferred treatment due to improved clinical out-
comes and lower rates of neurological morbidity 
and repeat surgery [17]. When the SE is the result 
of TBM in children, medically fragile patients, 
and has a parafalcine infection location, burr hole 
drainage can be used for treatment [17]. The burr 
hole drainage needs to be repeated or followed by 
a craniotomy in 20% of patients [2, 6].

Fig. 28.5  Axial T1-weighted contrast-enhanced MRI of 
the brain in a 5-year-old male that presented with seizures 
showing multiple intracranial tuberculomas
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Fig. 28.6  MRI of the brain in a patient with TBM shows 
gadolinium enhancement of optic nerve sheath, optic chi-
asma, pituitary and paracavernous areas, perimesence-
phalic cistern, and middle cerebral artery fissures (a, b) 
suggestive of dense exudates and suggestion of TB opto-

chiasmatic arachnoiditis. T2W image (c) shows enlarged 
temporal horns of lateral ventricles and an enlarged third 
ventricle along with suggestion of periventricular oozing 
on T2-FLAIR sequence (d) suggestive of hydrocephalus 
(Courtesy of RK Garg)
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Fig. 28.7  MRI of the brain and spine demonstrates simultaneous TB lesions located right sylvian fissure and Th7–Th9 
vertebrae in same patient (Courtesy of FH Chowdhury)
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Fig. 28.8  MRI of the brain showing multiple cerebellar, 
pontine, and right temporal hypointense lesions on T1W 
image (a), which enhance on T1-gadolinium-contrast 
sequence (b), in a patient with miliary TB. The lesions are 

iso- to hypointense with perilesional edema on T2W (c) 
and T2-FLAIR (d) sequences and must be differentiated 
from other causes of ring-enhancing lesions (Courtesy of 
RK Garg)
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28.5.4	 �Craniotomy for Resection 
of Tuberculoma

A TBA or tuberculoma is a granulomatous inflam-
matory process that can mimic a neoplasm and 
require a brain biopsy for diagnosis. The pathologi-
cal findings that confirm the diagnosis are caseous 
necrosis surrounded by Langhans giant cells and 
epithelioid histiocytes, with bacilli rarely being 
demonstrated on acid-fast staining [2]. 
Unfortunately, stereotactic biopsy of tuberculomas 
is difficult often due to their small size, and a con-
clusive diagnosis is only made in 28% of cases [18]. 
The rate of diagnosis was comparable when either 
the enhancing rim or the center of the lesion was 
sampled [18]. Surgical resection of the tuberculoma 
was reserved for those patients with IICP, the poten-
tial for visual loss, or in the face of an enlarging 
lesion despite the administration of appropriate 
anti-TB chemotherapy [2, 18]. In the presence of 
hydrocephalus, CSF diversion is usually necessary.

28.5.5	 �Surgery of TBA

The surgical management of TBA can be both 
diagnostic and therapeutic. The two primary  

surgical techniques that can be utilized to treat 
TBA are aspiration or excision. Aspiration of the 
tuberculoma has been described previously, and 
the open removal of lesions can be considered for 
cerebellar lesions, multiloculated lesions, surgi-
cally accessible lesions not responding to medi-
cal therapy, and large lesions causing significant 
mass effect [2, 6]. Deep or multiple lesions, or 
those in the cerebritis stage, are best treated med-
ically or via aspiration.

28.5.6	 �Use of Intraoperative MRI 
Guidance

In recent years, 1.5 Tesla ioMRI guidance has 
been used successfully to aspirate or excise 
TBA. The main advantage to using ioMRI guid-
ance is to confirm the successful drainage or 
removal of the TBA at the time of surgery. During 
ioMRI-guided procedures, general anesthesia is 
used for patient comfort because of the length of 
the surgery and to prevent the inadvertent dis-
placement of the biopsy needle during aspiration 
procedures. After general anesthesia is adminis-
tered, preoperative imaging is performed to 
localize the craniotomy site using MRI-visible 
markers placed on the scalp. After this baseline 
imaging is obtained, the scalp is prepped, and 
sterilely wrapped surface coils are placed on 
opposite sides of the head. The incision is made 
at a location representing the shortest distance to 
the purulent collection. A burr hole is made, and 
the disposable Navigus Frameless Passive Biopsy 
System (Medtronic, Inc., Minneapolis, MN) is 
secured to the skull. The patient is moved into the 
magnet, and a novel targeting method known as 
prospective stereotaxis is employed to determine 
a safe and accurate pathway to the TBA [19, 20]. 
This alignment process takes 5–10 min to com-
plete. After the trajectory is determined through 
the rotation of an MRI-visible alignment stem 
such that the target will be accessible in two 
planes, the biopsy needle is passed in a stepwise 
fashion via a guide tube through the brain. Once 
the biopsy needle is introduced into the TBA, 
gentle aspiration is performed until a slight 
degree of resistance is encountered. The MRI is 

Fig. 28.9  Sagittal T1-weighted contrast-enhanced MRI 
of the lumbar spine in a 27-year-old female that presented 
with low back pain demonstrating TB osteomyelitis of the 
L4 vertebral body
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Fig. 28.10  Spinal MRI in T1 weighted (a), T2 weighted (b), and coronal (c) views showing a L1–L2 Pott’s disease 
associated with a right huge psoas abscess (Courtesy of M Benzagmout, MD)
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now repeated to determine the amount of pus that 
has been withdrawn, whether the TBA capsule 
has collapsed, and to confirm that there is no evi-
dence of intraoperative hemorrhage. After the 
imaging is complete, the trajectory guide is 
removed from the skull, the wound is irrigated 
with antibiotic solution, a collagen sponge is 
placed over the brain, and a titanium cover is 
placed over the burr hole to restore the normal 
skull contour. The galea and skin are closed with 
absorbable sutures, and the patient is transported 
to the recovery room for extubation.

Removing a TBA not responding to antimicro-
bial therapy can also be performed with ioMRI 
guidance. The procedure for resecting a TBA has 
some similarities to the aspiration procedure. The 
patient is induced prior to applying a carbon fiber 
Malcolm-Rand head holder (Elekta, Decatur, GA) 
that allows for repeat imaging in the same plane 
during the surgery. The craniotomy is often per-
formed through one radiofrequency surface coil 
after the TBA has been localized with MRI-visible 
markers. Intravenous contrast administration is 
reserved until the TBA has been removed to pre-
vent leakage into edematous brain parenchyma 
which makes the interpretation of the ioMRI prob-
lematic. T2-weighted MRI such as turbo FLAIR 
and ultrafast half-Fourier acquisition single-shot 
turbo spin-echo (HASTE) sequences are used in 
the TBA.  In addition to HASTE sequences, 
susceptibility-weighted imaging (SWI) is useful 
for excluding the presence of blood in the opera-
tive field at the end of the procedure.

The craniotomy used to remove the TBA is 
usually smaller than those performed in the main 
operating room because of the precise preopera-
tive localization. The craniotomy is performed 
outside the 5 gauss line with standard surgical 
instruments. Although MRI can be repeated at 
any point during the surgery, there are usually 
three times when imaging is performed that are to 
localize the cranial opening, to confirm removal 
of the TBA, and to assure the absence of intraop-
erative hemorrhage. Each imaging update requires 
no more than 10–15 min, and the surgical instru-

mentation is removed from the operative field 
before the patient is moved into the magnet. A 
primary advantage of using ioMRI is the ability of 
the surgeon to compensate for the “brain shift” 
that occurs once CSF has been evacuated when 
the dura mater is incised, particularly for superfi-
cial lesions.

Operating entirely within the magnetic field is 
possible when it is anticipated that multiple imag-
ing updates will be necessary during the proce-
dure. In this situation all surgical instrumentation 
from the scalpel to the cranial drill must be MRI 
compatible. In these cases, the patient is advanced 
through the magnet to the opposite side in order to 
perform the surgery. When imaging is needed, the 
patient is advanced back to the isocenter of the 
magnet. Placing the clear plastic sterile drape low 
on the flared opening of the magnet allows for the 
transport of the patient to the isocenter and for the 
continual visualization of the surgical site. MRI-
compatible bipolar cautery and a titanium pitu-
itary rongeur are utilized to remove the TBA. A 
liquid crystal display monitor adjacent to the 
magnet allows the surgeon to visually confirm the 
absence of the TBA before closing. The craniot-
omy is closed in the routine fashion with the bone 
flap being secured in place with a titanium plating 
system. SWI scans confirm the absence of a 
hematoma prior to patient transport to the recov-
ery room for extubation.

28.5.7	 �Surgery for Pott’s Disease

Surgical treatment of spinal infection is indi-
cated for diagnosing the responsible organism if 
less invasive diagnostic methods have been 
unsuccessful, debridement of infected tissue, 
drainage of abscesses that have failed to respond 
to adequate antibiotic treatment, stabilization of 
the spine, kyphotic deformity correction, sepsis, 
intractable pain, and compression of the spinal 
cord (Figs.  28.2, 28.10, and 28.11) or nerve 
roots causing severe or worsening neurological 
deficits [8]. Early surgical treatment of kyphosis 
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in TB osteomyelitis should be considered for 
patients at risk for progression of the deformity. 
Risk factors for deformity progression include a 
kyphotic angle of more than 30°, loss of more 
than 1.5 times the vertebral body height, radio-
graphic instability, involvement of more than 3 
vertebral bodies, involvement of anterior and 
posterior elements, and disease onset in the 
immature spine [8]. Surgical treatment of TB 
spinal EA is useful in the presence of spinal 
instability or pronounced deformity and when 
there is progressive neurological impairment 
such as paraplegia due to spinal cord compres-
sion [8, 12]. The role of drainage of extraspinal 
collections or debridement of involved bone in 
helping to clear infection remains unclear [12]. 
However in confirmed spinal instability, pro-
nounced deformity, and neurological deficit, 
surgical treatment is indicated [12].

In patients suspected to have spinal infection, 
if blood cultures do not demonstrate an organism 
on culture after 48 h, a CT-guided percutaneous 
biopsy of the involved vertebral body or disc is 
warranted. The sampled tissue should be sent for 
culture, and the histopathology should be evalu-
ated for granulomas and acid-fast bacilli [8]. If 

the blood cultures and percutaneous biopsy do 
not yield a diagnosis, an open biopsy should be 
performed.

�Conclusion�

	1.	 Factors that influence to development of an 
intracranial or spinal infection are the viru-
lence of the causative organism, the integ-
rity of the host immune system, the size of 
the microbial inoculum, and whether inher-
ent or medication-related immunosuppres-
sion is present.

	2.	 Predisposing conditions for the develop-
ment of CNS TB are acquired immunodefi-
ciency syndrome (AIDS), diabetes mellitus, 
pregnancy, intravenous drug use, immigra-
tion, homelessness, population overcrowd-
ing, and immunosuppression associated 
with advanced age, alcoholism, chemo-
therapy, and organ transplantation.

	3.	 Preoperative testing should include obtain-
ing a WBC count, ESR, and CRP.  These 
studies can be followed to monitor the 
patient’s response to anti-TB treatment. In 
patients suspected to have TB spondylitis, 
a TST should be performed.

	4.	 CT is the best study for evaluating bony 
involvement due to TB. Enhanced MRI is 
the most reliable study for diagnosing ver-
tebral column infections due to 
TB.  Intracerebral tuberculomas enhance 
intensely after contrast administration on 
CT and MRI.

	5.	 Anti-TB chemotherapy including INH, 
RIF, PZA, and either EMB or SM should 
be administered for 12–18 months in cases 
with TB of the CNS and its coverings.

	6.	 Surgical aspiration of intracerebral col-
lections can be performed to relieve ele-
vated intracranial pressure, localize and 
confirm the presence of infection, isolate 
the causative organism, and determine if 
encapsulation is present. Lesions that  
are deep, multiple, or in the cerebritis 
stage are best treated medically or via 
aspiration.

	7.	 Craniotomy may be indicated to drain TB 
SE or to diagnose and resect a cerebral 

Fig. 28.11  Sagittal T1-weighted contrast-enhanced MRI 
of the thoracic spine in a 26-year-old male that presented 
with lower extremity weakness. The epidural collection 
was drained and the culture grew Mycobacterium 
tuberculosis
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tuberculoma. Resection is reserved for 
those patients that have increased ICP, have 
the potential for visual loss, and have 
enlarging lesions despite appropriate anti-
TB treatment. Following medical treatment 
of TB infection, synthetic materials such as 
PEEK can be used to cover cranial defects 
if the cranial bone has TB osteomyelitis.

	8.	 Open surgical treatment of spinal TB infec-
tion is indicated for diagnosis when less 
invasive diagnostic methods have been 
unsuccessful, to debride infected tissue, to 
drain abscesses that have not responded to 
antibiotic therapy, to stabilize the spine, to 
correct kyphotic deformity, and to relieve 
compression of the spinal cord or nerve 
roots causing severe or worsening neuro-
logical deficits.
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Abbreviations

CSF	 Cerebrospinal fluid
ETV	 Endoscopic third ventriculostomy
EVD	 External ventricular drain
HIV	 Human immunodeficiency virus
ICP	 Intracranial pressure
MRI	 Magnetic resonance imaging
SIADH	� Syndrome of inappropriate antidiuretic 

hormone
TB	 Tuberculosis/tuberculous
TBM	 Tuberculous meningitis

29.1	 �Introduction

Hydrocephalus is common in tuberculous menin-
gitis (TBM) and contributes to poor outcomes 
[1–4]. But its management is not necessarily as 
straightforward as hydrocephalus in other condi-
tions. First, managing TBM patients well is not 
just about hydrocephalus treatment. Effective 
management must be focused as much on dealing 
with the other complications of TBM, such as 
vasculitis, as it is on the hydrocephalus itself. 
Second, it is not all about placing a shunt or not. 
If managed well, most patients can be spared life-
long shunt dependency. These are important 
truths about TBM that are often overlooked.

Unfortunately, we have little evidence to 
guide our therapies. No standardization exists 
for the treatment of hydrocephalus due to 
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tuberculosis (TB), and protocols vary widely 
from center to center. Broadly, these protocols 
are either selective or nonselective: patients 
are treated either differentially or uniformly. 
Even for differentially treated patients, the 
extent of the selection criteria used varies 
widely [5–9].

Most centers that see TBM frequently have 
limited neurosurgical capacity, and where 
there is capacity, communication between 
physicians and surgeons is often poor. Clearly, 
TBM patients with hydrocephalus cannot be 
effectively managed without neurosurgical 
assistance. At the same time, good decision-
making requires that the surgeon actively con-
sider what is best for the individual patient, 
whether that be surgery or not. This chapter 
will discuss what we think these consider-
ations should be.

First, a primer of the most important patho-
physiologic aspects of TBM is appropriate. 
Hydrocephalus occurs in most children with 
TBM [1, 4]. This is usually communicating 
(approximately 80% of cases) [1, 4], the cere-
brospinal fluid (CSF) being obstructed by exu-
date at the level of the basal cisterns. But it may 
also be noncommunicating, that same exudate 
closing off the fourth ventricular outlet foram-
ina and/or the aqueduct. For us, this distinction 
is important because it affects the safety of 
lumbar puncture for diagnosis (and therapy) as 
well as the options for hydrocephalus 
treatment.

In addition other pathophysiology is as impor-
tant. Vasculitis is, indisputably, the most impor-
tant determinant of poor outcome. Many patients 
end up with diencephalic or large vessel territory 
infarcts (Fig. 29.1), and these remain  – along 
with the initial presenting level of conscious-
ness – the strongest predictors of outcome [10–
14]. The typical thick, gelatinous exudate that 
fills the basal cisterns coats the circle of Willis 
and  – very importantly  – the small perforating 
arteries that arise from it, causing inflammation 
of the vessel walls, intraluminal thrombosis, 
vasospasm, and external compression (Fig. 29.2) 
[15, 16].

Hyponatremia is common and probably 
contributes to brain edema [17–19]. The chal-
lenge to management is that many patients are 

Fig. 29.1  T2-weighted MRI scan of a child with tuberculous 
meningitis (TBM) showing multiple bilateral infarcts in the 
basal ganglia and thalami

Fig. 29.2  Magnetic resonance angiogram of a child with 
TBM showing severe involvement of the vessels of the 
anterior and posterior circulation, with extensive proximal 
vessel disease and largely absent distal flow
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mistreated because the syndrome of inappro-
priate antidiuretic hormone (SIADH) secre-
tion is presumed incorrectly and fluids are 
restricted. This is likely a hazardous practice 
for several reasons: first, an accurate distinc-
tion between SIADH and cerebral salt wasting 
is extremely difficult to make in this clinical 
situation; second, patients often have a con-
tracted intravascular volume; and third, 
patients who already have borderline cerebral 
ischemia will fare even worse if they are ren-
dered hypovolemic through fluid restriction 
[7, 20].

Seizures, whether clinical or subclinical, 
may also aggravate brain injury by increasing 
metabolic demand from a brain already limited 
in its capacity to provide adequate glucose and 
oxygen [21, 22]. Spreading depolarization has 
not been described in TBM, but has been docu-
mented in traumatic brain injury and stroke 
[22], and it would seem reasonable that it occurs 
also in meningitis, evading our diagnostic 
methods, but potentially devastating neverthe-
less. Figure 29.3 demonstrates rhythmic pat-
terns in cerebral dynamics unexplained by 
conventional monitoring.

While these are important aspects of the 
disease to remember when considering hydro-
cephalus treatment, perhaps most important 

of all is optimal treatment of intracranial pres-
sure (ICP), which may not conform to our 
standard definitions of what threshold should 
be targeted. When patients already have com-
promised cerebral perfusion due to vasculitis, 
it may well be that any additional ICP may 
critically narrow the perfusion pressure and 
so end in stroke. In our experience, brain  
perfusion is very sensitive to changes in ICP 
and blood pressure (Fig. 29.4). So the need to 
control ICP should be clear and therefore  
also the need to treat hydrocephalus effec-
tively, but the exact approach to accomplish 
this is not. In absence of clear evidence,  
centers all over the world have developed dif-
ferent approaches to treat TB hydrocephalus, 
the most important of which are discussed 
below.

29.2	 �Shunt Insertion for All 
Patients

Some centers uniformly treat TB hydrocepha-
lus with shunt insertion [6, 8, 23–25], believing 
that selecting patients for various treatments 
complicates management and does not neces-
sarily improve outcome. Moreover, medical 
treatment of hydrocephalus and endoscopic 

20

15

10

5

0
95

90

85

80
75

70

12

10
8

6
4

30 minutes

Intracranial pressure

Mean arterial pressure

Brain oxygenation

Fig. 29.3  Recorded physiological data of intracranial 
pressure (ICP), mean arterial pressure, and brain oxygen-
ation (measured by brain oxygen partial pressure monitor) 
in a patient with TBM. All measurements are in mmHg. 
The patient was intubated and sedated; continuous elec-

troencephalography did not detect any subclinical sei-
zures. There are brief spikes of ICP and blood pressure 
not explained by wakefulness of the patient or external 
stimuli. The rhythmic changes in the brain oxygen appear 
to be unrelated
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third ventriculostomy (ETV) require surveil-
lance and expertise, which may not be available 
in all centers [26]. While the simplicity and uni-
formity of this approach may be appealing, the 
blunt reality is that not all patients need sur-
gery. In fact many, if not most, patients with 
communicating hydrocephalus can be treated 
adequately with medical therapy [1, 5, 27], and 
patients with noncommunicating hydrocepha-
lus may respond to ETV [28, 29]. Therefore, 
such a nonselective approach, while simple, 
unnecessarily subjects many patients to life-
long shunt dependency with all the attendant 
complications thereof.

29.3	 �External Ventricular 
Drainage First and then 
Shunt

A popular approach in many centers is to use an 
external ventricular drain (EVD) to identify those 
patients who will benefit from permanent CSF 
drainage [6, 8, 30]. Patients who improve with 
temporary drainage then receive a shunt; patients 
who do not are treated conservatively. The upside 
of this approach is that shunt surgery is reserved 
for patients who are most likely to benefit. The 
downside is that such a temporary test may not 
select patients adequately: hydrocephalus is only 
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Fig. 29.4  Recording of ICP and brain oxygenation (all 
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brain oxygenation with progressive increase in ICP. Note 
that the brain oxygenation starts decreasing well before 

ICP reaches 20 mmHg. For reference, normal brain oxy-
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one of the reasons for neurological compromise 
in TBM patients, and the other mechanisms of 
neurological compromise are not necessarily 
irreversible. Patients in the latter group may still 
improve with good resuscitation, antimicrobials, 
steroids, and correction of hyponatremia, all of 
which takes time (and good ICP control), with 
improvements still possible well beyond the typi-
cal EVD trial period. So with this protocol, 
patients who may yet benefit from hydrocephalus 
treatment in addition to ongoing medical man-
agement may be denied surgery.

29.4	 �Endoscopic Third 
Ventriculostomy for All 
Patients

Since it was first described [29], ETV has become 
a popular option to treat TB hydrocephalus [9, 
31–34]. Indeed, some authors have proposed an 
ETV in all patients in the hope that some will 
benefit. This nonselective approach to ETV 
argues that even patients with communicating 
hydrocephalus may benefit from ETV, a view that 
remains highly controversial as most centers still 
prefer using ETV for patients with suspected 
noncommunicating hydrocephalus. The results 
of ETV for communicating hydrocephalus of 
infectious or post-infectious etiology, especially 
in young children, are unimpressive. Still, some 
would argue that even if there is a small chance of 
success, ETV is worth trying. The problem with 
this argument is that ETV is a surgical procedure 
with known complications, which are possibly 
increased in TBM where the procedure is compli-
cated by the typically thickened third ventricular 
floor and exudate-filled prepontine cistern [26].

High success rates after ETV for unselected 
TBM patients have been reported but are difficult 
to interpret [32, 33, 35]. The resolution of hydro-
cephalus or lack of recourse to shunt surgery 
(which is often the proxy measure of success) is 
difficult to ascribe purely to ETV because most 
patients have communicating hydrocephalus, 
which will resolve in more than half of these 
patients with medical treatment alone. So, many 

of the patients who are described as ETV success 
cases may well have not needed any surgery at 
all.

One study randomized children with TB 
hydrocephalus to shunt insertion or ETV [36]. 
Their conclusions appear to be at odds with their 
results. The authors recommend that long-term 
outcomes “tilt in favor of ETV” even though the 
overall success rate was 42% (similar to our pre-
viously published results [28]) compared with 
68% for shunts. In their opinion, ETV failures 
tend to occur early, and so there may be some 
benefit in reserving ETV in the late phase after 
starting treatment. After ETV, the ventricles were 
usually still large and then decreased over time. 
This is not unexpected with ETV, but at the same 
time, this happens in patients with communicat-
ing hydrocephalus who are managed successfully 
without resorting to any surgery. The study is 
therefore limited by the lack of comparison to 
managing communicating hydrocephalus medi-
cally. It is also limited methodologically by the 
small number of patients for a randomized con-
trolled trial; the authors do not state how they cal-
culated what sample size would be sufficient for 
such a trial. Regardless, it is notable that their 
success rate for shunt surgery was substantially 
superior to that of ETV. Long-term follow-up and 
finer neurocognitive examination would have 
been helpful – one of the concerns about ETV is 
that it produces a state of “arrested hydrocepha-
lus” where the ICP may still be greater than nor-
mal. If a patient has TBM, with concomitant 
vasculitis, this would not be ideal.

29.5	 �Selection Based 
on Communicating 
Versus Noncommunicating 
Hydrocephalus, 
with Shunting, Endoscopy, 
and Medical Treatment 
as Options

At our center, we prefer to distinguish between 
communicating and noncommunicating hydroceph-
alus where possible, treating noncommunicating 
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hydrocephalus with surgery (either shunt or ETV) 
and communicating hydrocephalus with a trial of 
medical treatment in the first instance while reserv-
ing shunt surgery for those who fail this trial [7].

Communicating versus noncommunicating 
hydrocephalus is determined using air encepha-
lography and/or column testing if there is an 
EVD in situ, which we have previously described 
[29, 37]. Briefly, lumbar air encephalography 
relies on air introduced via a lumbar puncture to 
rise into the cranium. If the hydrocephalus is 
communicating, air enters the ventricular system 
(Fig. 29.5), and if noncommunicating, air enters 
the subarachnoid space only. Occasionally it is 
impossible to direct air into the cranium because 
of spinal subarachnoid disease. If an EVD is 
present, a column test may be done, in which the 
opening pressures are compared between the 
ventricular drain and a lumbar puncture at base-
line (using a manometer at both ends) and then 
again after removal of lumbar CSF.

Most patients have communicating hydro-
cephalus and so are treated with a trial of medical 
therapy, which in addition to anti-TB medication 
and steroids includes the use of acetazolamide 
and furosemide as well as serial lumbar punc-
tures which we perform daily if the opening pres-
sure is raised and progressively less frequently as 

the opening pressure reduces [7]. Even though 
frequent lumbar punctures are inconvenient, 
experience has shown that it allows safe monitor-
ing and reduction of ICP. Weekly lumbar punc-
tures are an option also described [27], but this 
potentially allows high ICP to continue unabated 
for long periods. It is underappreciated how suc-
cessful judicious medical treatment may be in 
resolving hydrocephalus (Fig. 29.6).

If a patient presents with severe hydrocepha-
lus and a reduced level of consciousness, we pre-
fer to first place an EVD to reduce ICP 
immediately and safely. Once this is controlled, 
we then go about trying to determine whether 
medical or surgical treatment is optimal. We pre-
fer external ventricular drainage as an initial 
management in this case because we believe it is 
safer; it also enables lowering the ICP as much as 
possible. This may be helpful because cerebral 
perfusion pressure is narrowed in these patients, 
not only by increased ICP but also by the vascu-
litis that usually accompanies the disease, and so 
patients likely benefit from improved perfusion 
pressure. Our experience with brain monitoring 
in these patients suggests that reducing ICP even 
when in a “normal” range may improve perfusion 
to the brain, presumably because cerebral blood 
flow is also limited by vasculitis.

We typically allow for a 3–4-week course of 
medical therapy for communicating hydrocepha-
lus, based on the work of Schoeman et al. [27]. If 
this fails to control ICP or if there is evidence of 
progressive hydrocephalus, patients undergo 
ventriculoperitoneal shunting. Occasionally, we 
will insert a shunt before the 3–4-week period 
has ended if it is clear that ICP remains danger-
ously elevated despite optimal medical therapy.

Patients with noncommunicating hydrocepha-
lus either undergo ETV or ventriculoperitoneal 
shunting (Fig. 29.7), depending on whether endo-
scopic expertise is available at presentation. The 
advantage of ETV is that a noncommunicating 
system can be converted to a communicating sys-
tem, which then can undergo medical therapy to 
potentially avoid the long-term risks of a shunt. 
The downside is that these cases are more diffi-
cult to do than other causes of hydrocephalus. In 
particular, the floor is markedly thickened and 

Fig. 29.5  Lateral skull radiograph after a lumbar air 
encephalogram. The radiograph demonstrates air in the 
lateral ventricles confirming communicating 
hydrocephalus
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a b

Fig. 29.6  Head CT scans of a child with TB hydrocepha-
lus before and after medical treatment: (a) the scan on the 
left shows hydrocephalus at presentation, and (b) the scan 

on the right is of the same patient and shows complete 
resolution of hydrocephalus after medical treatment and 
control of ICP; no surgery was required

a b

Fig. 29.7  Head CT scans showing TB hydrocephalus (a) at presentation, (b) with a ventricular shunt in situ
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opaque, and the cisternal space is filled with thick 
gelatinous exudate so typical of TBM. The nor-
mal cisternal anatomy is obliterated, which 
potentially increases the risk of vascular injury 
and makes confirmation of ETV success chal-
lenging [38]. In this situation, a repeat air enceph-
alogram or column test after surgery might 
demonstrate this newly established communica-
tion (at surgery, our bubble sign suggests the 
same thing  – when the stoma is created in the 
floor of the third ventricle and air bubbles from 
the previous air encephalogram are encountered 
then cisternal entry is confirmed). By contrast, 
shunt insertion is less complicated, but it creates 
shunt dependency and places the patient at risk of 
all the well-known long-term complications  
[5, 25].

Critics of this approach may argue that it is too 
complicated and subjects the patient to several 
interventions in the early phase of the disease. 
Our response is that early aggressive interven-
tions are worthwhile if it maximizes the chance 
of avoiding infarction and reduces the proportion 
of patients with lifelong shunt dependency. 
Where services are inadequate, these can be 
improved over time if there is enough willpower.

29.6	 �Additional Considerations

It is worth noting that lumbar subarachnoid dis-
ease is not uncommon in TBM patients and may 
be the reason for failed lumbar punctures and 
some of the typical characteristics of the CSF 
[12]. The protein content and viscosity of the 
lumbar CSF are typically increased in TBM, and 
in some cases for this reason, lumbar puncture 
fails to obtain CSF, air encephalography is impos-
sible, and pressure measurement is compromised 
[12]. If this is suspected, an MRI of the spine 
should be obtained (Fig. 29.8).

Few studies have examined the treatment of 
hydrocephalus in HIV-co-infected patients [39, 
40]. These are difficult patients to manage 
because outcomes in general are worse and nihil-
ism often prevails among clinicians treating 
them. However, some patients who present in a 
good clinical condition at the outset may have 

outcomes equal to HIV-negative patients. The 
general consensus though is that a good outcome 
is unlikely in patients who present with neuro-
logical compromise, in whom shunt surgery may 
not be of the same benefit. These are data derived 
from adult studies, which are not directly appli-
cable to children.

Finally, we must remember that hydrocepha-
lus is only part of the treatment of these patients; 
several other aspects of therapy are as important 

Fig. 29.8  T1-weighted sagittal MRI spine of a child with 
arachnoiditis of the cord and extensive exudate in the lum-
bar cistern, obliterating the normal CSF signal
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[7]. Maintaining perfusion to the brain with 
careful management of fluid status and correc-
tion of hyponatremia (as discussed above) is 
critical, especially given the high risk of infarc-
tion. CSF samples must be sent for GeneXpert 
and culture to confirm the diagnosis and deter-
mine sensitivity, important not only because the 
diagnosis is often presumptive but also because 
the incidence of drug resistant TB is rising. In 
this it should be remembered that the volume of 
CSF sent affects the likelihood of a positive cul-
ture (more CSF is better) [41]. Attention must 
be paid also to the correct anti-TB drug choice 
and dosages as well as administration of ste-
roids. Correct use of acetazolamide and furose-
mide in communicating hydrocephalus is 
essential, especially because we aim to avoid 
hypovolemia. Standard chest X-ray and 
Mantoux testing are part of the routine workup, 
as is examination of potential contacts. All 
patients need long-term evaluation for neuro-
cognitive outcomes and may well benefit from 
rehabilitation therapies.

�Conclusion

In summary, there are many unique aspects of 
TB hydrocephalus and its management that set 
it apart from the other causes of hydrocepha-
lus. These create a challenge to the treating 
clinician but also make management interest-
ing. The lack of data informing treatment pro-
tocols is an obstacle, but at the same time also 
creates opportunities to bring greater scientific 
rigor to the way that we treat our patients. TB 
is an age old disease. Fortunately, we are still 
learning new things about it every day.
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CISS	 Constructive interference in steady state
CSF	 Cerebrospinal fluid
CT	 Computed tomography
ETV	 Endoscopic third ventriculostomy
EVD	 External ventricular drainage
ICP	 Intracranial pressure
MR	 Magnetic resonance
MRI	 Magnetic resonance imaging
PC	 Phase contrast
PCR	 Polymerase chain reaction
TBM	 Tuberculous meningitis

30.1	 �Introduction

Tuberculous meningitis (TBM) involves infection 
in the lung, regional lymph nodes, and meninges 
or brain parenchyma. There is development of 
subpial or subependymal foci of lesions, called 
Rich foci, which rupture into the subarachnoid 
space or ventricle. It continues to remain great 
public health challenge especially in developing 
world. TBM remains a diagnostic dilemma. There 
is a need for high index of clinical suspicion and 
better diagnostic tests for early detection of dis-
ease. Cerebrospinal fluid (CSF) studies for detec-
tion of organism or biochemical examination 
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helps in diagnosis. CSF centrifugation optimizes 
the diagnostic performance [1]. The existence of 
high density within the basal cisterns in non-con-
trast computed tomography (CT) and basal 
enhancement after contrast administration is a 
good sign for the diagnosis of TBM [2]. 
Polymerase chain reaction (PCR) can be an effi-
cient method for diagnosis of TBM [3]. Presence 
of tuberculoma on choroid plexus or ventricle 
wall, though rare, may help in diagnosis [4].

Hydrocephalus is very common in TBM [5–7]. 
Early diagnosis of TBM hydrocephalus should be 
done by early follow-up CT scan (in first 7 days of 
first CT scan and at 1 month on one’s discretion) 
[8]. Hydrocephalus can be categorized as obstruc-
tive, communicating, or due to union of both variet-
ies [9]. Effective and early treatment of 
hydrocephalus can improve prognosis and decrease 
incidence of infarct. Shunt procedures and endo-
scopic third ventriculostomy (ETV) are being used 
to manage hydrocephalus in TBM.  Endoscopic 
techniques are increasingly used in spine [10–14], 
cranial [15, 16], and skull base lesions [17–20] in 
recent times due to the minimally invasive nature, 
safety, and better outcome. Endoscopic procedures 
are being used in various types of pathologies such 
as hematomas [21, 22], congenital lesions [23–25], 
infective pathologies [26, 27], and tumors [28–30] 
with encouraging results.

Although role of ETV is controversial in com-
municating hydrocephalus and in acute phase of 
disease, its role is established as an alternative to 
shunt procedures for obstructive hydrocephalus in 
TBM [31–43]. Comparatively poor results of 
hydrocephalus due to TBM stress the need for early 
diagnosis and prompt treatment. Although many 
factors are related to final outcome, clinical stage of 
disease at diagnosis and presence of hydrocephalus 
play an important role in prognosis.

30.2	 �Indications of Endoscopic 
Third Ventriculostomy

Although hydrocephalus in early stages of TBM 
with mild ventriculomegaly may resolve com-
pletely in some cases, especially of communicat-
ing variety [7], majority of them need some kind 

of surgery. Modified external ventricular drain-
age (EVD) and Ommaya reservoir implantation 
of about 2  weeks can avoid possible complica-
tions and long-term indwelling shunt in majority 
(66%) of patients in early TBM who have mild or 
moderate hydrocephalus [44, 45].

ETV is indicated in obstructive hydrocephalus 
in TBM. Although there are reports of ETV being 
performed in communicating hydrocephalus 
[35], lumbar peritoneal shunts have been found to 
be better option in such cases [46, 47]. Selected 
patients of communicating hydrocephalus with 
inferior bulging of third ventricle floor or anterior 
bulging of lamina terminalis can show improve-
ment after ETV. This procedure of ETV not only 
relieves raised pressure in TBM hydrocephalus 
(38) but it also helps in making correct diagnosis 
in suspected cases by detecting tubercles on the 
wall of the ventricle during surgery. Endoscopy is 
now treated as the first choice compared to shunt 
surgery in TBM hydrocephalus especially in 
chronic stage of disease [40].

Although there was some doubts whether shunt 
should be done in severe form of TBM hydroceph-
alus, there are now reports that all patients should 
be treated with shunts even in poor grades [48–
50]. Likewise ETV is also indicated in good as 
well as in poor grades in TBM as some patients in 
poor grades could show delayed recovery [36, 39]. 
Although ETV can be done in the presence of 
thick exudates and even in patients with prepon-
tine suprasellar tuberculoma especially in expert 
hands [51], it should be avoided in the acute stage 
especially in untreated patients [31, 52], because 
of variable success [5]. ETV in subacute and 
chronic cases looks to be a rationale for first-line 
treatment [31, 34, 39, 43, 53].

EVD or Ommaya reservoir after ETV may be 
useful when there is evidence of doubtful func-
tioning of stoma (poor pulsations at stoma mar-
gin, exudates in basal cistern, acute phase of 
TBM, evidence of intraventricular bleed, multi-
ple shunt failure, poor flow of dye across stoma, 
and poor disappearance of contrast) or cisternal 
scarring. Intraoperative decision about shunt sur-
gery is indicated in technically difficult case due 
to thick and inflamed floor with poor 
differentiation of anatomy, cisternal scarring, 
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poor pulsations of stoma margin, poor flow of 
dye across stoma, and delayed clearance of con-
trast from the basal cisterns.

30.3	 �Preoperative Workup 
and Patient Selection

Patients undergoing ETV in TBM hydrocephalus 
should have sufficiently large lateral or third ven-
tricles and enlarged foramen of Monro to accom-
modate endoscopic set; otherwise, it could cause 
injury to ventricle walls or the fornix. It is impor-
tant to know whether third ventricle floor is thin 
or thick. Thin third ventricle floor patients are 
good candidates for ETV, surgery is compara-
tively simple technically, and the ETV success 
rate is also good in such cases. Good prepontine 
space and the absence of basal exudate also favor 
ETV.  There should be sufficient space between 
brain stem and dorsum sellae and also between 
basilar artery and dorsum sellae. The distance 
between midline and posterior communicating 
artery or third cranial nerve should be known, as 
small distance predisposes artery or nerve injury 
during procedure. Presence of large interthalamic 
adhesions can also create difficulty during the 
procedure. Although one can observe the pres-
ence of any additional membrane such as 
Liliequist membrane or other membranes after 
fenestration of third ventricle floor and such 
membrane can be dealt appropriately intraopera-
tively, preoperative knowledge prepares surgeon 
to deal it better. Liliequist membrane if present 
may be attached to the third nerve, which can risk 
nerve injury during fenestration. Cistern status is 
also a critical factor in patient outcome; scarred 
basal cistern not only adds in the technical diffi-
culty during surgery but also associated with 
poor outcome.

Patent distal subarachnoid spaces and proper 
CSF absorption are also necessary for good out-
come after ETV.  Although it is challenging to 
measure lumbar outflow resistance preopera-
tively in a patient requiring ETV, low lumbar out-
flow resistance suggests good CSF absorption 
and patent subarachnoid space. Increased outflow 
resistance could be due to compression of sub-

arachnoid space secondary to dilated ventricle, 
obliterated subarachnoid space, and/or defective 
CSF absorption. Although low lumbar outflow 
resistance generally suggests favorable subarach-
noid space, good CSF absorption, and good out-
come after ETV, high resistance may not be 
associated with poor outcome. High resistance 
could also be due to compression of subarach-
noid space secondary to dilated ventricles.

Complex hydrocephalus (combination of both 
obstructive and communicating hydrocephalus) 
is quite common in TBM cases [9, 39]. This is 
due to obliterated basal cisterns or subarachnoid 
space and/or defective CSF absorption. Cine 
phase-contrast (PC) magnetic resonance imaging 
(MRI) can be used for detection of any abnormal-
ity in basal cisterns. Detection of early CSF 
stroke volume in interpeduncular and prepontine 
cisterns can predict patency of basal cisterns and 
CSF flow through these cisterns. Good CSF flows 
in basal cistern alone do not give surety of suc-
cessful outcome following ETV; distal CSF path-
ways ahead of the basal cisterns also play crucial 
role in ETV successfulness [54].

30.4	 �Surgical Procedure

TBM hydrocephalus is technically demanding to 
manage endoscopically as compared to other 
types and needs good skill and training, espe-
cially in acute cases [31, 55]. ETV procedure has 
been depicted elsewhere in our publication [56]. 
Although semi-sitting position has been 
described, ETV is generally operated in supine 
position with head flexed so that the burr hole site 
is at the uppermost point. Highest site of burr 
hole averts excessive drainage of CSF and an 
entrance of air in the ventricles and subdural 
space, especially in large ventricles. Although 
ETV can be done free hand without using any 
telescope holder, use of scope holder is helpful 
when procedure is prolonged and during intro-
duction and removal of instruments. It can also 
give rest to the hand, which is holding the assem-
bly. Telescope holder can be tightened or loos-
ened when required. We used holder in a loose 
knob position during most of the procedure. 
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Assistant is supporting the holder at tightening 
knob area and near the joint regions to allow bet-
ter control and to decrease strain on the hand of 
the surgeon which is holding endoscope assem-
bly (Fig. 30.1). Excessive drainage of CSF may 
also precipitate for postoperative subdural hema-
toma formation. Lateral and third ventricle along 
with foramen of Monro should be sufficiently 
large. If there is a slit ventricle secondary to over-
drainage in already shunted patient, it is neces-
sary to externalize the shunt to adequately dilate 
ventricles. Stereotactic guidance along with 
smaller size of the scope or flexible scope can be 
used in such patients. Although ETV can be done 
by flexible scope, we use rigid scope because of 
better visualization.

A line spanning from interpeduncular cistern 
and foramen of Monro onto the cranium in preop-
erative MRI scan accurately determines an exact 
site of burr hole. Incision just in front to the coro-
nal suture and approximately 2.5–3 cm lateral to 
the midline on the right side is usually adequate for 
ETV. Proper direction of brain penetration should 
be used to reach lateral ventricle at foramen of 
Monro. Although facility of image guidance can 
help, marking on the skin near the incision in the 
direction toward external auditory meatus before 
patient is draped helps when image guidance facil-
ity is not available (Fig. 30.2). Brain cannula is 
used to perforate ventricle, and then endoscope 
protected by the sheath is introduced. Peel-away 
sheath of slightly larger diameter than the endo-
scope is generally used if the scope does not have 
sheath. Some systems have sheaths with scope; in 
such cases peel-away sheath is not required. Peel-

away sheath or other sheath avoids lens soiling and 
brain injury due to repeated scope introduction. It 
also helps in egress of irrigation fluid and avoids 
pressure built up. Lactate solution irrigation of 
normal body temperature implying gravity pres-
sure as against to any pressure procedure is good 
which avoids any barotraumas to the brain.

Telescope is introduced through the foramen 
of Monro into the third ventricle after identifica-
tion of junction of thalamostriate vein, septal vein, 
and choroid plexus. Perforation in the third ven-
tricle floor is made between mammillary bodies 
and infundibular recess, at the most translucent 
site. Identification of basilar artery should be done 
to avoid trauma and hemorrhage during the proce-
dure. Perforation should be done anterior to the 
basilar artery or its branches. Trajectory in ETV in 

a b c

Fig. 30.1  Training lab photographs showing (a) assistant 
supporting joints of telescope holder with loosened knob, 
which prevents strain on surgeon’s hand. It also prevents 
time loss in loosening or tightening. (b) Left hand of sur-

geon holding endoscope sheath while well-supported 
right hand being used for surgical maneuver. (c) Camera 
can be supported by body part

Fig. 30.2  Thick and short arrow pointing skin incision. 
Marking on the skin in the direction toward external audi-
tory meatus (thin and long arrow), which guides brain 
penetration toward foramen of Monro
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sagittal and coronal plane using rigid scope should 
be properly planned to avoid fornix injury 
(Fig. 30.3). Although slow and gentle movement 
up to about 5 mm has been found to be safe [57], 
such movements generally should be desisted to 
avoid fornix injury. If working channel is not 
opposite to the desired site of interest in the floor 
of third ventricle, rotation of assembly in desired 
direction should be done (Fig. 30.4). Microvascular 
Doppler probe could be effective to see basilar 
artery and its subdivisions if these structures are 
not visualized endoscopically. Disciplined prob-
ing with the round equipment, if the facility of 
Doppler is not accessible, can identify position of 
dorsum sellae. Water-jet dissection approach can 
be utilized to avoid vascular injury or hemorrhage 
in thick and opaque third ventricle floor [32, 58]. 
Fenestration in thin third ventricle floor is just 
behind the dorsum sellae, and in front of basilar 
artery while in thick floor, it should be made 

partly on dorsum sellae and partly just posterior to 
dorsum sellae. Perforation on the bony part in 
thick floor prevents stretch of third ventricle wall 
and related complications. Such stretch in already 
bulging third ventricle wall can cause third cranial 
nerve injury apart from bleeding from distant site. 
Blunt instruments should be used preferably to 
fenestrate third ventricle floor to prevent vascular 
injury. Although we do not prefer thermal coagu-
lation especially in thin floor, initial use of low 
bipolar current helps in making fenestration in 
thick floor and also to avoid excessive stretch on 
floor. Original perforation is enlarged to about 
5 mm or more size by utilizing Fogarty catheter or 
ventriculostomy forceps. Liliequist membrane or 
other membrane can be found in some cases, 
lying below the third ventricle floor. Such mem-
brane should be perforated under endoscopic con-
trol. Septum pellucidum perforation along with 
ETV could be technically difficult as the proper 

a b c

d e f

Fig. 30.3  Showing (a) correct trajectory in ETV in coro-
nal plane as medial as possible to reach third ventricle 
floor in midline using rigid scope. (b) Wrong lateral tra-
jectory and (c) entry through contralateral foramen of 
Monro risking unilateral and bilateral fornix injury, 

respectively. (d) Correct trajectory in sagittal plane to 
reach third ventricle floor in between mammillary bodies 
and infundibular recess. Wrong (e) anterior and (f) poste-
rior trajectory risking fornix injury
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trajectory for ETV and septum perforation is dif-
ferent in coronal plane (Fig. 30.5). Using gentle 
bipolar coagulation and grasping forceps with one 
limb side opening can make ETV and septum per-
foration possible by single trajectory (Fig. 30.6). 

All the procedure should be done under constant 
visualization; if any part of the instrument is not 
seen, it is either due to very high magnification, 
scope too close to target area, or when scope and 
the two limbs of instrument are in straight line. 
Decreasing magnification, slight withdrawal of 
scope away from target area, and rotation of 
instrument in such a way that the scope and the 
two limbs of instrument make triangular orienta-
tion allow proper visualization (Fig. 30.7).

Good pulsations of stoma margin are a good 
indicator of stoma opening and cisternal status. If 
there is any doubt about the patency of stoma or 
basal cisterns after ETV during surgery, an intra-
operative evaluation by ventriculo-stomography 
can provide valuable information [59]. Contrast 
flow through the stoma and its disappearance 
from subarachnoid spaces can be observed. Fast 
disappearance of contrast is a good indicator of 
stoma and cisternal patency. This simple and 
effective method can help in verifying the com-
petency of endoscopic approach, thereby helping 
in taking decision about further management dur-
ing surgery, such as requirement for shunt if there 
is slow disappearance of contrast [59, 60].

ETV is likely to be effective if there is favorable 
anatomy of third ventricle floor, good pulsations of 

Desired site of perforation

Scope

Working channel

Fig. 30.4  Line diagram 
showing that if working 
channel is not opposite to 
the desired site of 
perforation in third 
ventricle floor, clockwise 
or counterclockwise 
rotation of assembly in 
desired direction should be 
done rather than linear 
movement to prevent 
fornix injury

a

b

Fig. 30.5  Showing proper trajectory for (a) ETV and (b) 
septum perforation is different in coronal plane. It is tech-
nically difficult to do both procedures using single 
trajectory
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Both jaws opening
forceps

One jaw opening
forceps

a b
Paint Pad Lite

Fig. 30.6  There are 
generally two types of 
forceps: (a) both limbs 
opening and (b) single 
limb opening. Technical 
difficulty using single 
trajectory for ETV and 
septum perforation can be 
overcome by (b) one limb 
side opening forceps, 
which helps in septum 
perforation

Visualized jaws

Telescope

Telescope

Visualized jaw

Non- visualized jaw

Non- visualized 
jaw

Paint Pad Litead Lescopeescope

a b

c d

Fig. 30.7  Nonvisualization 
of instrument is due to very 
high magnification, (a) 
scope too close to target 
area, or (b) when scope 
and the two limbs of 
instrument are in straight 
line. Decreasing 
magnification, (c) slight 
withdrawal of scope away 
from target area, and (d) 
rotation of instrument in 
such a way that the scope 
and the two limbs of 
instrument make triangular 
orientation allow proper 
visualization
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stoma margins, and good basal cistern without any 
exudates or scarring. If there is any doubt about 
stoma or cisternal patency due to not so good 
stoma pulsations or slow disappearance of dye 
during intraoperative period, EVD or Ommaya 
reservoir can be kept which can be used to assess 
stoma patency in postoperative period. An EVD is 
also left if there is any small bleeding during pro-
cedure. Although some researchers practice use of 
reservoir routinely, it is useful in certain high-risk 
patients [61–63] for ETV failure with poor stoma 
pulsations, patients with repeated shunt malfunc-
tions, cisternal scarring, and acute phase of disease 
if one opt for ETV. Intraoperative decision of shunt 
placement can be taken if there is unfavorable 
third ventricle floor anatomy increasing risk of 
ETV, other technical difficulties due to thick floor, 
abnormally enlarged interthalamic adhesions, 
inflamed floor, poor stoma pulsations, prolonged 
hold of dye in cistern, etc. (Fig. 30.8).

Choroid plexus coagulation can improve suc-
cess rate of ETV especially in infants. Any hem-
orrhage from cortical surface should be stopped 
by electrocautery. If there is any bleeding from 
perforation margin, instrument used for fenestra-

tion (Fogarty catheter or ventriculostomy for-
ceps) should be used for tamponade effect. It is 
not desirable to remove that instrument and bring 
cautery to stop that bleeding point (by the time 
cautery forceps is brought near the point, visual-
ization of bleeding point may become difficult). 
Intermittent closure of outflow channel could 
help in visualization of bleeding point.

ETV after slit ventricle syndrome in TBM 
hydrocephalus could be challenging. It is difficult 
to hit small ventricle; the use of small flexible 
scope, stereotactic guidance using small scope, 
dilatation of ventricle by exteriorization, and block-
age of shunt tube can be used to help ETV proce-
dure. Endoscopic lamina terminalis fenestration as 
an alternative site of perforation has been described 
for treatment of hydrocephalus in TBM when the 
usual site in third ventricle floor is not favorable for 
perforation [64]. Endoscopic subfrontal approach 
to the lamina terminalis fenestration has also been 
described in cadavers by Spena et al. [65].

30.4.1	 �Results of ETV

Overall, clinical improvement after ETV alone 
ranges from 58% to 80% in various series [34, 36, 
39, 40, 66]. We reported 58% improvement after 
ETV alone that improved to 80% when lumbar peri-
toneal shunt was added [39]. Outcome after ETV is 
superior in without cisternal exudate patients com-
pared to those with exudates [34, 39]. Good nutri-
tional status patients generally have better outcome 
compared to poor nutritional status patients [39]. 
ETV is reasonably effective and safe in full-term 
normal birth weight infants as compared to low birth 
weight premature infants [39]. Thin and identifiable 
third ventricle floor patients have better outcome 
after ETV as compared to thick and opaque floor 
(Fig. 30.9) [39, 67]. Although age did not make any 
difference in clinical outcome in most studies [33, 
68], adult patients could fair slightly well compared 
to children [39]. Outcome is superior in better grade 
compared to patients in poor grade [34, 39].

Majority of patients show early improvement 
[36, 39]; delayed improvement is also observed. 
Patients in superior grades generally improve early 
as compared to poor grade who show delayed 

Intra-operative decision for shunt placement
during endoscopic third ventriculostomy

* Unfavourable third ventricle floor anatomy
increasing risk of procedure

* Technical difficulties due to thick floor, acute
inflamed floor, abnormally enlarged interthalamic
adhesions.

* Poor stoma pulsations.

* Delayed clearance of dye from the cistern.

* Poor visualization of third ventricle floor
anatomy.

Paint Pad Lite

Fig. 30.8  Intraoperative decision of shunt placement can 
be taken if there is unfavorable third ventricle floor anat-
omy increasing risk of ETV, other technical difficulties 
due to thick floor, abnormally enlarged interthalamic 
adhesions, inflamed floor, poor stoma pulsations, pro-
longed hold of dye in cistern, poor visualization of third 
ventricle floor, etc.
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recovery [39]. Outcome after ETV in the chronic 
phase is superior compared to acute phase [39, 
69]. Poor results in acute phase is due to higher 
incidence of complex hydrocephalus compared to 
chronic stage [39] which is among significant fac-
tor as causes of failure to improve after ETV.

Outcome of ETV in TBM hydrocephalus is 
poor compared to aqueductal stenosis secondary 
to congenital cause. The comparatively poor out-
come after ETV in TBM compared to aqueductal 
stenosis is secondary to high prevalence of com-
plex hydrocephalus [9, 39]. The obliteration of 
CSF pathways and defective absorption of CSF 
from arachnoid villi can result in persistently 
elevated intracranial pressure (ICP) in TBM after 
ETV.  Faulty absorption and/or obliteration of 
CSF pathways in complex hydrocephalus can be 
temporary or permanent [9]. Most of the patients 
have temporary defect of absorption, and these 
patients can be managed by repeated lumbar 
puncture after ETV before labeling them as failed 
ETV patients [39, 70]. Repeated lumbar puncture 
supports by augmenting compliance, improving 
buffering capacities of the spinal subarachnoid 
spaces, and decreasing the CSF outflow resis-
tance from the ventricular system. It also pro-
motes reduction in the ventricular volume and 
allows accelerated permeation of CSF in the 
intracranial subarachnoid spaces. The chances of 
complex hydrocephalus in acute phase of disease 
are more as compared to chronic phase [39]. It is 
therefore better to do shunt surgery and avoid 
ETV in acute phase of the disease [31].

The advanced age, neurological status at 
admission, vaccine status, ischemia, etc. deter-
mine prognosis [71]. BCG vaccination might be 
protective from advance disease as most patients 
who were vaccinated were seen in early stage of 
TBM disease [72].

30.4.2	 �Radiological Outcome

The size of ventricle does not reduce in 3 weeks 
in about 50% individuals [39]. There may not be 
any interrelationship between clinical and radio-
logical recovery. Clinical recovery is earlier than 
the radiological recovery in most patients. In 
some individuals there may be clinical recovery 
without any radiological recovery. On the other 
hand, there may be radiological recovery without 
any clinical recovery, in few patients, mainly due 
to associated ischemic infarcts.

30.4.3	 �Causes of Failure to Improve 
After ETV and Its 
Management

There can be many causes of failure to improve 
after ETV such as block stoma, ischemia, com-
plex hydrocephalus, advanced age, poor neuro-
logical status at the time of surgery, etc. (Fig. 
30.10). Deterioration after ETV does not always 
imply that the ETV is not working. Stoma patency 
does not always suggest that the ETV is efficient 

a b c

Fig. 30.9  Third ventricle floor can be (a) thin (usually in subacute and chronic phase) or (b, c) thick variety (generally 
in acute phase or following hemorrhage)
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in decreasing ICP. Complex hydrocephalus is one 
of the significant causes of failure to improve after 
surgery. Complex hydrocephalus could be due to 
temporary or permanent defect in the CSF dynam-
ics. Repeated lumbar puncture can manage tem-
porary defect in CSF dynamic abnormality, while 
lumbar peritoneal shunt could be required when 
there is a persistently raised ICP even after 
repeated lumbar puncture.  One should be very 
careful in selecting lumbar peritoneal shunt sur-
gery in TB as there may be associated TB com-
pression at various levels in the spine [73–78]. 
Repeat ETV is required to treat blocked stoma.

30.4.4	 �Complications and Its 
Avoidance

Although endoscopic techniques are having 
many advantages, procedure could be associated 

with many limitations. Such complications 
should be anticipated to improve results [79, 80]. 
Although ETV procedure is fairly simple, learn-
ing curve of the procedure can be improved by 
microsurgical skills training, practice on cadaver 
or models, watching expert surgeons, and visiting 
other departments [81].

ETV technique could be associated with vari-
ous complications such as hypothermia or distur-
bance in temperature regulation, intraventricular 
bleeding, pneumocephalus, bradycardia, fornix 
injury, hypothalamic injury, cranial nerve injury, 
failed ETV, endoscopic blind spot, delayed awak-
ening, block stoma, subdural hematoma, intrace-
rebral hemorrhage, CSF leak, chronic subdural 
hematoma or subdural hygroma, etc. Although 
rare, mortalities due to fatal hemorrhage have 
been reported. Details of these complications are 
described in Table 30.1 and in our earlier publica-
tions [79, 80].

Failure to improve after ETV

Blocked stoma, complex hydrocephalus, cerebral
iscgemia, poor pre-operative neurological status

Raised pressureYes No

Complex
hydrocephalus

Blocked stoma

Re ETV

Ischemia

Poor neurological
status

Temporary defect in
CSF dynamics

Repeated lumbar
puncture

Permanent defect in CSF dynamics

LP or  VP shunt

Paint Pad Litei

Fig. 30.10  Flow diagram 
showing various causes of 
failure to improve after 
ETV in TBM 
hydrocephalus and their 
management
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Table 30.1  Various complications, avoidance of complications, and its management in endoscopic third 
ventriculostomy

Complications with their etiologies Complication avoidance and management

Hypothermia or disturbance in temperature 
regulation:
Small children
Exchanges of large amount of irrigation fluid with 
ventricular cerebrospinal fluid (CSF)
Wetting of drapes
Hypothalamic injury
Use of electrocautery for fenestration of third 
ventricle floor

Pre-warmed irrigation fluid and blankets
Use small amount of irrigation fluid especially in infants
Avoid drape wetting by using drainage line connected to 
outflow channel
Midline perforation in third ventricle floor
Electrical energy should be avoided

Intraventricular bleeding:
Blood might dribble from the burr hole site into 
lateral ventricle
Increased risk in postinfection and hemorrhage 
patients
Excessive and jerky side movements in ventricle
Flexible scope removed in curved tip position
After incomplete removal or biopsy of 
intraventricular lesion
Wrong entry (too far away from foramen of Monro: 
anterior or posterior) in the lateral ventricle and then 
surgeon trying to enter third ventricle by moving the 
scope
Injury to intraventricular bands
Repeated insertion of scope without the use of 
sheath
Direct ventricular access by the telescope
Use of sharp-edged sheath
Injury to interthalamic adhesion

Achieve good hemostasis before penetrating the ventricle and 
by keeping patties around the sheath
Water-jet dissection in opaque and thick floor of third 
ventricle
Removal of flexible scope in a neutral position
Peel-away sheath or other sheath should be used to maintain 
tract to avoid surrounding brain injury if repeated introduction 
of telescope is required
Avoid sharp-edged sheaths
Use proper trajectory for lateral ventricle toward external 
auditory meatus, reenter at a correct site if there is the wrong 
entry rather than too much movements to enter foramen of 
Monro
Avoid stretching of the floor of third ventricle during 
perforation, by using initial sharp perforation or 
electrocautery, in tough third ventricle floor. Hemorrhage 
from distant vessel could be caused by stretching
Hemorrhage and injury to the fornix can be prevented by 
avoiding significant side movement
Proper inspection of underlying vessels before perforation or 
dilatation can avoid injury to vessels
Avoid injury to any vessel during dilatation of stoma when 
closed ventriculostomy forceps is opened or inflated Fogarty 
is pulled in third ventricle. Retracting forceps should be 
partially withdrawn into the third ventricle before it is fully 
opened.
Penetration in floor should be anterior to basilar artery and in 
midline
Using blunt probe for perforation of thin floor
Although direct penetration by scope tip should be abstained, 
angled part of scope should be facing posteriorly to push 
basilar artery if angled endoscope is used for perforation
Use lactated Ringer irrigation for small bleeding
It is detrimental to remove ventriculostomy forceps or 
catheter and to bring bipolar forceps for coagulation, as there 
is usually a no clear vision by the time the electrocautery 
forceps is brought in the field
Gently keep the same equipment or reinflate catheter on the 
site of bleeding. Electrocauterization may be undertaken later 
on if the tamponade effect fails
Better visualization of the bleeding point could be helped by 
intermittent closure of the outflow channel or by forceful 
irrigation

(continued)
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Complications with their etiologies Complication avoidance and management

Scope should be kept in the field in severe bleeding, rather 
than taking it out. Telescope should be positioned in lateral 
ventricle rather than in third ventricle as even slight 
movement in the small cavity could produce more 
hemorrhage. Scope can be withdrawn, but the sheath should 
be kept in place
Remove intraventricular blood before taking out the 
endoscope assembly
Put ventricular drain in residual oozing
Liquid can be carefully replaced by equal amount of air, and 
then bleeding point should be coagulated
Rapid conversion to open surgery when hemorrhage is not 
controlled by any of these procedure

Pneumocephalus:
More losing of CSF
Wrong burr hole site (not on uppermost point)
Nitrous oxide anesthesia

Burr hole at the uppermost site
Small dural and brain opening
Flushing out air from the irrigation tube, filling the burr hole 
site with liquid
Minimize CSF loss
Avoid nitrous oxide

Bradycardia:
Raised intracranial pressure (ICP) such as forceful 
and rapid rate irrigation, blocked outflow channel, 
and both foramina of Monro are blocked by the 
scope
Too cold fluid irrigation of different osmolarity as 
compared to plasma
Pressure on the hypothalamus by balloon
Saline irrigation
Stretch on wall of third ventricle

Make sure that outflow is patent and the liquid is flowing out
Volume of the cardiac monitor should be turned up, and the 
noise of the operating room should be low for detection of 
bradycardia
Last action should be reversed when there is bradycardia or 
asystole
Isotonic solution should be used at body temperature
Sharp penetration when there is tough floor of third ventricle 
and initiation of hole in third ventricle by gentle bipolar 
coagulation
Slow and judicious irrigation at a rate of 10 ml/min
Avoid pressure by catheter on hypothalamus

Fornix injury:
Small size of foramen of Monro
Burr hole which is placed anteriorly, posteriorly, or 
laterally
Entrance in contralateral lateral ventricle could 
injure both fornix
Removal of flexible telescope in curved tip position
Avoiding direct ventricular tap which extends more 
than 5–6 cm from the burr hole site
Large diameter sheath
Misdirected entry in ventricle

Burr hole at proper site
Avoid substantial side movements
Proper case selection with enlarge foramen of Monro
Use of small dimension of scope
Increasing size of the foramen of Monro by hydrodissection 
and decreasing size of the choroid plexus
Keep scope tip near the foramen of Monro within lateral 
ventricle for making an opening in third ventricular floor 
when foramen is small
Flexible scope should be removed in the neutral position
Avoiding shifting in third ventricle; rotation can be done to 
reach targeted object
Rotations or slight movement if needed can be done in the 
lateral ventricle (larger cavity) rather than the third ventricle

Hypothalamic injury:
Off midline perforation
Wrong site burr hole too lateral, anterior, or 
posterior compared to correct place
Thick third ventricle floor
Third ventricle perforation using blunt technique in 
the thick floor

Midline perforation
Correct site of burr hole placement
In cases with thick and tough floor, start perforation by either 
gentle bipolar coagulation or with sharp instrument

Table 30.1  (continued)
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Complications with their etiologies Complication avoidance and management

Cranial nerve injury:
İnjury to oculomotor and abducens nerve can occur 
in downward bulging floor and also when 
penetration is made away from midline. Injuries to 
nerve can be produced by forcefully shifting an 
already downward stretched floor
Blind introduction of penetrating equipment far 
below the floor
Liliequist membrane attached to third nerve
Anomalous anatomy of the third cranial nerve near 
midline

Position burr hole as medially as possible
Midline perforations in third ventricle floor
Avoid downward shifting of already stretched floor of third 
ventricle, by usage of sharp equipment or by making initial 
perforation with the help of bipolar forceps
Opening can be made on the dorsum sellae in thick and tough 
floor instead of posterior to dorsum
Anticipate abnormal anatomy and take corrective steps

Failed ETV:
Little space between dorsum sellae and basilar 
artery
Small prepontine space
None or poor visualization of third ventricle floor
Scarred cistern below floor
Upward herniation of the basilar artery and its 
branch in floor of the ventricle
Space-occupying lesion or crowding of posterior 
fossa structures
Large interthalamic adhesion, small foramen of 
Monro, and a thick third ventricle floor

Proper case selection with sufficient space between dorsum 
sellae or basilar artery and brain stem
Simple selection of case especially in initial learning curve

Endoscopic blind spot:
Endoscope can injure structures proximal to its tip 
(fornix, brain parenchyma, interthalamic adhesion, 
etc.) when movement is made in third ventricle

Surgeon should train himself to withdraw scope and change 
direction only under direct visual control
Movement of scope in the third ventricle should be avoided; 
rotation of whole instrument in desired direction can purchase 
some distance

Delayed awakening:
Elevated ICP
Anesthesia drugs with prolonged duration of action
Hypothermia

Easily titratable short-acting general anesthesia drugs should 
be elected over long-acting drugs as the surgery may end 
suddenly
Factors causing elevated cranial pressure and hypothermia 
should be prevented

Block stoma:
Inadequate stoma size of less than 5 mm
Presence of unappreciated secondary membranes
Intraventricular blood
Tumor progression toward stoma
Postinfective or posthemorrhagic hydrocephalus 
especially in acute phase

Comparatively larger stoma opening of more than 5 mm
Perforation of second membrane present under the third 
ventricle floor
Avoiding ventriculostomy in postinfective and 
posthemorrhagic lesions and when tumor is present near 
expected stoma opening
Removal of intraventricular bleed

Subdural hematoma:
Quick drainage of large amount of CSF
Separation of the brain from the dura mater during 
ventricular access especially when scope is 
introduced directly without the help of brain cannula
Dural or extradural hemorrhage can flow in the 
subdural space

Avoid faster drainage of large amount of CSF. Replacement 
of drained fluid by lactated Ringer solution
Placing patties by the side of sheath, especially in thin cortical 
mantle. This also prevents blood entering in subdural space. 
Controlling all points of bleeding before opening of dura 
mater
Removal or ligation of functioning shunt after ETV
Separation of the brain from dura should be prevented by 
making adequate size of cortical incision and by use of brain 
cannula for ventricular tap

Intracerebral hemorrhage:
Direct puncturing of ventricle by endoscope
Overdrainage of ventricular CSF

Use of brain cannula for ventricle puncture rather than direct 
use of scope
Amount of CSF drained should be reduced, packing of the 
cortical edges, and replenishment of the ventricle
Coagulation of bleeding vessel in the tract

Table 30.1  (continued)

(continued)
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Fornix injury is an important complication in 
ETV, which should be prevented (Figs. 30.2 and 
30.3). Brain injury and bleeding from brain 
parenchyma or ependymal margin can occur if 
direction of trajectory toward foramen of Monro 
is not proper and surgeon tries to enter foramen 
of Monro by moving the scope (Fig. 30.11). 
Stroke occurs in about 45% of individuals in 
TBM both in early and later stage, mainly in the 
region of basal ganglia. Risk of infarct is high 
when there is hydrocephalus in TBM [6]. Infarcts 
are considered to be associated with the involve-
ment of medial striate, thalamotuberal, and thala-
mostriate arteries that are present in exudates, 
which are prone to be strained by a coexisting 
hydrocephalus [82]. Infarct predicts poor out-
come at 3 months [83]. Brain ischemia in TBM 

hydrocephalus is due to vasculitis and raised 
pressure secondary to hydrocephalus. Ideal man-
agement of raised ICP is necessary for improved 
outcome rather than simply preventing maximum 
increase in pressure [42].

30.5	 �Postoperative Imaging 
and Diagnosis of Stoma 
Patency

Majority of patients who improve after surgery 
do not need any investigation. Failure to improve 
after this surgical procedure can be secondary to 
the raised ICP (stoma blockage or complex 
hydrocephalus), vascular compromise, and poor 
preoperative neurological status. The raised ICP 

Complications with their etiologies Complication avoidance and management

CSF leak:
Raised ICP (blocked stoma or complex 
hydrocephalus)
Larger cortical or dural opening, small cortical 
mantle

Proper management of raised ICP (repeated ventricular tap or 
lumbar puncture or shunt)
Packing of the cortical margin and small dural opening
Delayed suture removal
Repair of dura in large ventriculomegaly in infants
Galeal-pericranial flap

Subdural hygroma:
Raised ICP secondary to blocked stoma, due to 
defective absorption of CSF or faulty permeation
Need for Ommaya reservoir after ventriculostomy

Plugging of the cortical margin of ETV trajectory
Majority of subdural collections disappear slowly; persistence 
of collections generally suggest raised pressure secondary to 
complex hydrocephalus or blockage of stoma
Treat cause of raised ICP in persistent collection

Chronic subdural hematoma:
Due to overdrained ventricle

Avoid ventricle collapse and expand it before removing the 
sheath especially in large ventriculomegaly

Table 30.1  (continued)

a b c

Fig. 30.11  Showing (a) proper, (b) wrong anterior, and 
(c) wrong posterior direction of brain penetration to reach 
foramen of Monro. Brain injury and bleeding from brain 
parenchyma or ependymal margin can occur if direction 

of trajectory is not proper and surgeon tries to move from 
A position of wrong trajectory to B position to reach fora-
men of Monro
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in the early postoperative period could be related 
to complex hydrocephalus, which could be tem-
porary or permanent.

Decrease in the size of the ventricular 
edema, decrease of periventricular edema, and 
widening of subarachnoid space after ETV are 
indirect evidences of stoma patency. These 
responses continue during the initial few 
months after ETV. The decrease in size is more 
marked in acute stage of hydrocephalus and in 
third ventricle width compared to lateral ven-
tricle width. CSF flow as the flow-void sign 
could be qualitatively described. This is not 
very sensitive, as a flow-void sign has been 
seen in up to 50% of clinical failures. Cine PC 
MRI could be helpful even in no flow-void sit-
uation. This cine PC magnetic resonance (MR) 
may be helpful in determining the stoma 
patency and could be of value in follow-up 
[84]. Three-dimensional constructive interfer-
ence in steady state (CISS) MR technique has 
been found to be sensitive to flow [85, 86]. MR 
ventriculography is useful in determining 
stoma patency after third ventriculostomy [35]. 
Ventriculography is helpful in providing accu-
rate assessment of the stoma patency in the 
early days after surgery if EVD or Ommaya 
was kept during ETV.  It also allows intermit-
tent CSF drainage to relieve raised ICP.

�Conclusion

The choice about the best management should 
be decided by many factors such as surgeon’s 
expertise, stage and duration of disease, com-
municating or noncommunicating hydrocepha-
lus, availability of resources for endoscopy, etc. 
Although most of the patients with hydroceph-
alus need surgical treatment, small-group 
patients in early and acute stage with mild 
hydrocephalus in neurologically intact and in 
fully conscious state can be observed with early 
repeat CT scans. Ventriculoperitoneal shunt is a 
better option in acute phase of TBM hydro-
cephalus in obstructive hydrocephalus, while 
ETV is an effective alternative in obstructed 
hydrocephalus in subacute or chronic phase 
(Fig. 30.12). Results of lumbar peritoneal shunt 
are better in communicating hydrocephalus.
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31.1	 �Introduction

Spinal tuberculosis (TB) accounts for about 50% of 
skeletal TB and 40% of all spinal infections [1, 2]. 
Literature suggests that one third of the world’s 
population is infected with Mycobacterium tuber-
culosis, and each year about nine million people 
develop one or the other form of TB, of which a 
mortality of two million was reported [3]. Spinal 
TB has a strong correlation with the socio-eco-
nomic status of the affected population. The maxi-
mum brunt is, therefore, borne by the people living 
in developing countries, although an increase in the 
incidence has been documented in developed coun-
tries in the recent era as well [4].
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Besides the clinical examination, laboratory 
testing and radiological examination may be 
helpful in the diagnosis of this entity. 
Confirmation of the disease by identifying M. 
tuberculosis is still the gold standard for diagno-
sis. Anti-TB chemotherapy can yield an 80% 
spontaneous fusion rate; however in patients 
with an extensive spinal involvement, vertebral 
body collapse and severe deformity, the resul-
tant neurological injury may require surgical 
treatment. The approach may be anterior, poste-
rior, posterolateral or even a combination of all 
three. Recent data associates the best outcomes 
with a posterior or a combined surgical approach 
[1, 5]. A unique feature of spinal TB is the 
development of large abscesses, which in turn 
can have a subligamentous spread or a spread 
towards the spinal canal, invading the epidural 
space. Chemotherapy with or without surgical 
therapy is a safe and effective approach to treat 
spinal TB abscess. However, the lack of vascu-
larity within the caseative necrotic core of the 
TB abscess often leads to failure of the antibi-
otic to penetrate this area. This may lead to a 
resistance to chemotherapy often mandating a 
surgical intervention to drain the abscess. A 
rapid increase in size of the abscess due to the 
osmotic ingression of the surrounding fluid may 
result in a rapid neurological deterioration. This 
chapter summarises the surgical management of 
spinal TB complicated with an extensive TB 
abscess and also the resultant sequel.

31.2	 �Pathogenesis

Pott’s spine is considered as a reactivation of a 
haematogenous foci or a spread from the adja-
cent paravertebral lymph nodes. Spinal TB com-
monly involves ≥2 level adjacent vertebral level. 
The most common site of spinal TB in children 
is the upper thoracic spine, whereas in adults, TB 
commonly occurs in the lower thoracic and 
upper lumbar vertebrae. Disease spreads from 
the anterosuperior or inferior angle of the verte-
bral body, towards the adjacent body, and then 
affects the intervertebral disc. With advancing 

stage, it results in collapse of the vertebral bod-
ies, often leading to kyphosis (gibbus). It may 
also be associated with a paravertebral ‘cold’ 
abscess. Pott’s spine affecting the upper thoracic 
spine may track to the anterior chest wall and 
present as a soft tissue mass; in lower spine, it 
usually penetrates the inguinal ligaments or 
presents as a psoas abscess. Involvement of the 
adjacent structures in patients is frequent; the 
abscess can affect the perivertebral area in the 
thorax or abdomen, the psoas muscle or the epi-
dural space [6]. These abscesses can become 
quite large before being diagnosed due to the 
insidious nature of this pathology [6]. Mohindra 
et al., have given the characteristic features of a 
TB abscess [7]. A TB abscess may have a his-
tory of TB affliction or there may be a low-grade 
indolent fever. On magnetic resonance imaging 
(MRI), there may be a thicker wall due to fibro-
sis with a low magnetisation transfer ratio due to 
the presence of a large number of TB bacilli in 
the wall, the in vivo magnetic resonance spec-
troscopy may reveal the presence of a lipid peak 
with no evidence of amino acids, the microbio-
logical examination of the contents may yield 
M. tuberculosis and the histological examina-
tion may either yield the features of a pyogenic 
abscess with many acid-fast bacilli of M. tuber-
culosis (in a pure TB abscess that is often asso-
ciated with immunocompromise) or the features 
of a tuberculoma with a central caseative necro-
sis with granulomas and palisading arrays of 
epitheloid cells, as well as Langhans and for-
eign body giant cells in the capsule (the latter is 
often associated with a good immunity) [7, 8] 
(Fig. 31.1).

31.3	 �Diagnosis

31.3.1	 �Ultrasonography

The abscess of the psoas region and the cervical 
area is well delineated with the help of an ultra-
sound (USG) imaging, and diagnostic/therapeu-
tic aspiration may be carried out.
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31.3.2	 �Plain Radiographs

These will not be of much help in the early stages 
of development of Pott’s spine complicated with an 
abscess; however, in the later stages of the disease, 
it may reveal the bony destruction, kyphosis, sco-
liosis and gibbus formation in spine. An increase in 
the anterior prevertebral soft tissue shadow ≥7 mm 
at the level of the axis vertebra and ≥5 mm at the 
subaxial spine is an indirect evidence of the pres-
ence of granulation tissue, an abscess or soft tissue 
oedema in the region. This finding, therefore, often 
serves as a screening test that may lead to further 
detailed evaluation of the spine.

31.3.3	 �Computed Tomography

The bony delineation is clearer in comparison to an 
MRI and the plain radiographs. It can be used for 
diagnostic as well as for interventional purposes, as 
both the diagnostic and therapeutic computed 
tomography (CT)-guided aspiration of the pus and 
biopsy may be undertaken. Following posterior sta-
bilisation, this helps in determining whether or not 
bony union has occurred by evaluating the new 
bone formation as well as continuation of the tra-
versing cortical bone and bony trabeculations across 
the vertebral bodies and the onlay bone grafts.

31.3.4	 �Magnetic Resonance Imaging

MRI is the most important radiological tool; 
however, expertise is required to differentiate 
Pott’s abscess from other pathologies that may 
reveal a similar picture, such as primary bony 
tumours and metastasis of the spine (that may 
often be associated with a necrotic core resem-
bling a TB abscess). Caseating tuberculomas 
with a liquid core are often hypointense on 
T1-weighted images, while the central portion 
of the granuloma is T2 hyperintense and a 
peripheral hypointense ring around the central 
hyperintense mass is usually seen. On contrast 
administration, the lesion is seen as a ringlike 
enhancement. Adjacent perilesional oedema is 
seen as a hyperintense lesion on T2-weighted 
image. On diffusion-weighted imaging, the 
tuberculoma shows restriction with low inten-
sity on apparent diffusion coefficient images [9, 
10]. A high signal on T1-weighted imaging with 
decrease in soft tissue oedema and in the size 
and number of paravertebral abscesses signifies 
normal marrow formation within the vertebral 
body and the healing of vertebral body TB. The 
World Health Organization (WHO) recommen-
dations for the various diagnostic procedures in 
the cases of Pott’s spine with an abscess are 
summarised in Table 31.1.

Fig. 31.1  Microphotograph 
showing epithelioid cell 
granuloma comprised of 
collection of epithelioid 
cell, lymphocytes, 
Langhans giant cell and 
necrosis (H&E ×200)
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Table 31.1  Recent WHO recommendations, their advantages and disadvantages for establishing the presence of tuber-
culous infection

Method Use
Level of 
health system Advantages Disadvantages

Smear microscopy for 
acid-fast bacilli
 � Ziehl-Neelsen’s staining
 � Fluorescent microscopy

Rapid, point-of-care 
test for case 
detection

Community Requires moderate 
training, minimal 
infrastructure, minimal 
equipment

Low sensitivity

Culture
 � On solid media
  In liquid media MGIT 
(Becton Dickinson), BacT/
ALERT (BioMérieux), others

TB case detection 
and as a prerequisite 
for drug 
susceptibility testing

Referral 
laboratory

Good sensitivity Slow time to growth 
in the case of solid 
lesions but less than 
3 weeks in liquefied 
lesions

Chest radiograph TB case detection Referral Indications and use 
not restricted to TB

Low specificity, low 
sensitivity, requires 
equipment, trained 
interpreter

Tuberculin skin test Detection of M. 
tuberculosis 
infection

Community Extensive practical 
and published 
experience

Sensitivity decreases 
with increasing 
immunocompromise, 
cross-reaction with 
BCG vaccine

Nucleic
acid
amplification
(NAA) assay, Most recent is 
Xpert MTB/RIF (WHO 
endorsed)

TB case detection 
and detection of 
rifampicin resistance

Referral Sensitivity between 
that of smear and 
culture, highly specific 
for TB

Requires moderate 
training and 
equipment; labor 
intensive; potential 
for cross-
contamination among 
specimens

Strip-based species 
identification (detects 
TB-specific antigen in 
positive cultures)

Species 
identification (TB 
versus not TB) in 
cultures positive for 
mycobacterial 
growth

Referral 
laboratory 
(with culture)

Accurate, requires 
minimal training, 
minimal equipment, 
minimal consumables

Line probe manual 
amplification and 
hybridisation –Genotype 
MTBDRplus (Hain 
Lifescience), INNO-LiPA 
Mycobacteria (Innogenetics)

TB case detection 
and drug 
susceptibility testing

Reference 
laboratory

Poor sensitivity in 
smear-negative 
specimens, relatively 
short time to result

Labor intensive, 
potential for 
cross-contamination, 
requires extensive 
training

Non-commercial culture and 
DST (drug susceptibility 
testing)
  MODS (microscopic 
observation drug 
susceptibility)
  NRA (nitrate reductase 
assay)
  CRI (colorimetric redox 
indicator assay)

TB case detection 
and drug 
susceptibility testing

Reference 
laboratory

Non-commercial, 
research

Labor intensive

Abbreviations: TB tuberculosis, MGIT mycobacteria growth indicator tube, M. Mycobacterium, NAA nucleic acid 
amplification, MTB/RIF Mycobacterium/rifampicin resistance, WHO World Health Organization, MTBDR 
Mycobacterium tuberculosis and drug resistance, INNO-LiPA line probe assay, DST drug sensitivity testing, MODS 
microscopic observation drug susceptibility, NRA nitrate reductase assay, CRI colorimetric redox indicator
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31.4	 �Management

The management of an abscess associated with 
Pott’s spine is still controversial. The debate was 
first started in the 1960s when Hodgson et  al., 
[11] advocated surgical intervention and Konstam 
and Blesovsky [12] preferred conservative treat-
ment. This controversial debate stimulated a 
series of randomised clinical trials conducted by 
the British Medical Research Council in the 
1970s [13–16]. These trials found better results 
with radical decompression of the disease than 
with conservative management as this leads to a 
rapid resolution of the abscess and an early fusion 
[13–16]. In a multivariate analysis of spinal TB, 
Park et al., found better clinical scores (related to 
myelopathy, pain and deformity) utilising radical 
surgery [17].

Medical management of spinal TB includes the 
standard anti-TB therapy regimen, isoniazid (INH) 
(5 mg/kg), rifampicin (RIF) (10 mg/kg), pyrazin-
amide (PZA) (25 mg/kg) and ethambutol (EMB) 
(15 mg/kg) during the intensive phase of the dis-
ease (PZA to be continued for a duration of 
3–4 months and EMB for 12 months), followed by 
INH and RIF during the continuation phase (the 
two medicines are given for a total of 18 months). 
Second-line treatment may be used in the cases 
exhibiting drug resistance to anti-TB treatment 
and includes ofloxacin, ciprofloxacin and cyclo-
serine. Serial liver function tests must be done dur-
ing the follow-up visits while the patient is on 
these medications. Interval CT and MRI scans of 
the spine, as well as assessment of the neurologi-
cal symptomatology and signs, will determine the 
extent and continuation of treatment.

Surgical treatment combined with chemother-
apy is a safe and effective approach to treating spi-
nal TB and abscess. The goals of surgical 
intervention are to facilitate the medical manage-
ment by adding radical spinal cord decompression. 
Prevention of further deformity with spinal stabili-
sation and alleviation of pain are the extra benefits 
obtained by surgical intervention when compared 
with the persistence of conservative treatment.

31.5	 �Craniovertebral Junction 
Tuberculosis

The incidence of craniovertebral junction tubercu-
losis (CVJ-TB) is rare (constituting 0.3–1% of 
patients suffering from Pott’s spine). The manifes-
tation of upper cervical myelopathy in this subset is 
because of atlantoaxial dissociation (AAD) and 
secondary basilar impression. The symptoms can 
rapidly progress due to the presence of associated 
epidural abscess or granuloma. The armamentum 
of the management ranges from conservative 
approach to radical surgery. A protocol for the 
management of CVJ-TB is based on the grading of 
severity of the disease [18]. Grade I refers to neck 
pain without any motor deficit; grade II refers to 
the presence of mild motor deficit but the patient 
not being dependent on others; grade III refers to a 
moderate motor disability with the patient being 
partially dependent on others for his daily needs; 
and grade IV refers to the persistence of severe 
motor deficits so that the patient is completely 
dependent on others for all his/her daily needs. 
Under the cover of anti-TB therapy, the following 
important factors are assessed in isolation or in 
combination: the above-mentioned grade, the type 
of AAD, instability of any other type, the presence 
of a large abscess causing significant cervicome-
dullary compression at the CVJ and the clinical 
and/or radiological response to anti-TB therapy at a 
follow-up of 3 months (Figs. 31.2 and 31.3). In the 
cases of minor deficits (grades I and II), the patients 
can be managed with conservative treatment in the 
form of neck stabilisation; in severe deficits (grades 
III and IV), however, the site of compression is 
usually ventral (fixed AAD and ventral paraspinal 
abscess) which requires ventral decompression fol-
lowed by posterior fusion by various commonly 
practiced techniques. In patients with persistent 
reducible AAD, direct posterior fusion is recom-
mended. However, significant improvement is 
reported even in poor-grade patients with the judi-
cious use of the surgical options along with anti-TB 
therapy [19]. An important aspect of this protocol 
is that after the percutaneous or open drainage of a 
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Fig. 31.2  (a) MRI T1, T2 and contrast images showing 
atlantoaxial dislocation with granulation tissue and abscess 
formation at the craniovertebral junction (CVJ). 
(b) Coronal, sagittal and axial CT images showing odon-

toid and C2 vertebral destruction and atlantoaxial disloca-
tion due to CVJ-TB. (c) Postoperative lateral radiograph of 
the cervical spine showing posterior occipitocervical 
instrumentation
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CVJ-TB abscess and following continuation of 
anti-TB therapy, the patient should be reassessed 
after 3 months for persistence of reducible AAD 
even when the TB affliction has resolved. If there is 
persisting instability, then an atlantoaxial fusion is 
mandatory to pre-empt the appearance of delayed 
neurological deficits.

31.6	 �Cervical and Cervicodorsal 
Tuberculous Abscess

The cervical involvement is characterised by pain, 
restriction of neck movements with an extensive 
abscess also leading to deglutition and respiratory 
difficulty. The abscess formation is more severe 
and commoner than that seen in CVJ-TB, and its 
direct drainage is also easier. The drainage of an 
abscess may be done under USG guidance or 
under direct vision. Most of the surgical interven-
tions are done from the anterior approach utilising 
an anterior transcervical approach (Fig. 31.4). 
Various studies have supported an early surgical 
intervention over delayed intervention in order to 
alleviate neuraxial compression and to prevent the 
development of a delayed deformity. There is not 
much difference in the wound healing following an 
early versus delayed intervention. Management 
options along with anti-TB therapy include a per-
cutaneous abscess drainage or an open drainage, 

with or without an instrumented vertebral fusion. 
A cervical location that is associated with gross 
instability and involvement of all three vertebral 
columns may often require staged surgery in the 
form of anterior corpectomy with cage graft and 
second-stage posterior instrumentation and fusion 
[19]. The cervicodorsal region TB is also an impor-
tant entity as its surgical approach differs from that 
utilised for a pure subaxial cervical TB. Thus, it 
may be accessed by a transclavicular, trans-manu-
brial or a posterolateral approach (Fig. 31.5).

31.7	 �Thoracolumbar Tuberculous 
Abscess

According to Osborn et  al., a paravertebral 
abscess is present in 55–95% of the cases suffer-
ing from thoracolumbar spinal TB [20]. Gehlot 
et al., reported the presence of a paravertebral TB 
abscess in 98.5% of patients with spinal TB [21]. 
Mirsaedi et al., found a psoas abscess in 14.3% of 
these patients, and Gehlot et  al., noted a psoas 
abscesses in 37.1% of their cases [21, 22]. 
Dorsolumbar spinal abscesses can be seen on 
plain radiographs as a paravertebral soft tissue 
shadow [23]. The finding of calcification within 
the abscess cavity is a diagnostic clue pointing 
towards spinal TB [24]. Plain radiographs are 
usually normal in the early stages of the disease. 

a b
Fig. 31.3  (a) MRI T1 
contrast showing a large 
TB abscess with 
contiguous cervical 
vertebral body 
involvement. 
(b) Anteroposterior 
radiograph of the same 
patient showing a 
multilevel spinal 
instrumentation.
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At this stage, a CT scan or an MRI is more sensi-
tive in detecting early TB lesions [22].

The surgical approach for dealing with an 
extensive thoracolumbar paraspinal abscess can 
be either utilising an anterior or a posterior trajec-
tory. The posterolateral approaches are often pre-
ferred over the ventral approaches (transthoracic 
or transperitoneal) as they prevent the tearing of 
thickened and diseased pleura, allow an easy 
excision of the granulation tissue and pus along 
the destroyed bony segments and avoid pleural 

and peritoneal contamination. However, for 
circumferential decompression and stabilisation, 
the anterior approach is preferable [24].

31.8	 �Vertebral Collapse 
with Spinal Instability

TB abscess formation in a single vertebral body 
without collapse but with cord compression and 
focal back pain may require only anti-TB treat-

a

b

Fig. 31.4  (a) Sagittal and axial T2-weighted MRI of cer-
vicothoracic junction Pott’s spine with kyphosis. 
(b) Sagittal T1 MRI and plain cervicothoracic lateral view 

radiographs showing anterior cervical fusion with plating 
and a good bony alignment performed using the transcla-
vicular approach
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a b
Fig. 31.5  (a) Thoracic 
Pott’s spine with bony 
destruction and extensive 
anterior abscess. 
(b) Surgery utilising a 
lateral transpedicular-
costotransversectomy 
extracavitary approach

a b
Fig. 31.6  (a) Thoracic 
Pott’s spine. 
(b) Stabilisation using the 
transthoracic intracavitary 
approach

ment with follow-up evaluation utilising a 
detailed clinical and radiological examination 
(with the MRI examination being the most sensi-
tive tool). A solitary vertebral body collapse with 

50% loss of height without middle column frac-
ture in a patient with focal pain may be treated 
with kyphoplasty. Patients with severe vertebral 
body collapse (>50%) with kyphotic deformity 
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and/or abscess formation with extension into the 
spinal canal and with cord compression require a 
corpectomy and posterior/posterolateral instru-
mentation and fusion (Fig. 31.6). Corpectomy 
with institution of an expandable cage graft may 
be accomplished from either a posterior transpe-
dicular costotransversectomy route or via a trans-
thoracic extracavitary approach (Figs. 31.6 and 
31.7) depending on the location of the TB afflic-
tion and abscess within the thoracolumbar spine 
[19]. If the abscess formation results in a less 
severe deformity (Cobb’s angle less than 30°) 
and the patient has minimal neurological disabil-
ity, then a CT-guided catheter placement within 
the abscess cavity, avoidance of weight bearing 
by the spine and sustained anti-TB treatment, 
often helps in ameliorating the pain, instability 
and deformity (Fig. 31.7).

31.9	 �Unusual Presentations 
of Intraspinal Extensions 
of Tuberculous Abscesses

Intraspinal TB can present with or without verte-
bral TB. It can extend in the intraspinal space and 
may present with TB arachnoiditis with or with-
out abscess formation in the loculated arachnoi-
dal space, extradural or intradural TB granulomas, 
intramedullary abscess/granuloma and/or vascu-
litis (Fig. 31.8). It is often the cause of sudden or 
progressive neurological deterioration by com-
pressive or non-compressive (ischaemic) myelop-
athy in patients with spinal TB.  Intradural 
extension of TB infection is usually attributed to 
a haematogenous spread from outside the central 
nervous system. In the early stages, variable 
degrees of inflammatory exudates may affect the 

a

b c

Fig. 31.7  (a) Parasagittal coronal and axial MRIs show-
ing the extensive abscess complicating the thoracolumbar 
Pott’s spine. The characteristic of the pus is in revealed in 
different sequences of MRI (T1/T2/T1 contrast). (b) The 

bulge due to the paravertebral abscess in the thoracolum-
bar region. (c) The CT-guided aspiration was followed by 
pig-tailed catheter placement. Follow-up MRI during the 
course of treatment after 1 year
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meninges of the cord. The spinal cord and the 
nerve roots may then become oedematous and 
become engulfed by a gelatinous exudate [25]. 
Thoracic spine is the most common reported site 
of involvement when TB pathology is reported 
within the thecal sac. In occasional cases, it 
becomes very difficult to define whether the 
intradural tuberculoma is extramedullary or 
intramedullary [25].

Intramedullary spinal cord abscess is a very 
rare occurrence in the literature, since the origi-
nal reported case by Hart in 1830 [26]. Abscess 
formation becomes manifest by the accumulation 
of the necrotic tissue, debris and caseous material 
as the disease progresses. It may then also extend 
to the anterior or posterior longitudinal ligament 
and may also spread to distant anatomical regions 
from the original site of the infection.

TB is the most common cause of infective 
arachnoiditis and resulting radiculomyelitis in 
almost every case. The arachnoidal membranes 

become thickened and cloudy with apparent 
adhesions [25]. Later on, owing to the abnormal 
cavitation within the parenchyma, syringomyelia 
may occur (Fig. 31.8) [27–31]. The mechanism 
responsible for syringomyelia is the inflamma-
tory arachnoiditis and resulting extensive oblit-
erative endarteritis that is usually responsible for 
the ischaemic necrotic cavity [27, 32]. The treat-
ment of intramedullary abscess includes a combi-
nation of surgical and medical therapies. Surgery 
is indicated for the evacuation of the pus, and the 
use of appropriate antibiotics and corticosteroids 
should be considered in the treatment. Often, a 
thin rim of the capsule of the intramedullary TB 
abscess may be left in situ to avoid further dam-
age to the spinal cord. Treatment of syringomy-
elia secondary to spinal TB may range from 
simply giving anti-TB treatment to dividing 
arachnoidal bands and relieving focal spinal 
compression. A syringo-peritoneal shunt proce-
dure has a limited success rate due to the pres-

a b
Fig. 31.8  MRI evidence 
of different complications 
of Pott’s spine with 
extensive abscess. 
(a) Contrast MRI of same 
patient showing an 
intramedullary 
tuberculoma with 
arachnoidits. (b) A T2 MRI 
sequence showing the 
syrinx
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ence of multiple arachnoidal adhesions and lack 
of pressure head between the intramedullary syr-
inx cavity and the subarachnoid space.

�Conclusion

The spine is commonly affected in the spec-
trum of TB disease, and most of the cases usu-
ally respond to medical treatment. Exact and 
early diagnosis and adequate treatment before 
the development of irreversible neurological 
deficits and spinal deformity are crucial for a 
satisfactory yield and good prognosis. In spite 
of effective and prolonged medical treatment, 
a TB abscess may fail to resolve. Its manage-
ment demands an extensive surgical debride-
ment and pus evacuation, not only to relieve 
the spinal cord compression but also to pre-
vent further progressive spinal deformity and 
to alleviate the accompanying pain. Moreover, 
after surgery, the medical management can 
work more effectively in combating the 
disease.
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32.1	 �Introduction

Spinal tuberculosis (TB) is one of the oldest 
human diseases, documented at least 
5000  years ago from tombs in Africa. Spinal 
TB became more well known after reports by 
Sir Percival Pott in 1779 [1]. TB is responsible 
for almost 40% of all spine infections and is a 
frequent extrapulmonary form of the disease 
[1–4].

Chemotherapy was introduced to combat TB 
and proved successful over ensuing years. 
Meanwhile, human immunodeficiency virus 
(HIV) infections and other immunodeficiency 
diseases caused an increasing number of cases, 
especially recently [1–4]. Early diagnosis and 
effective treatments are essential to prevent com-
plications associated with the disease [2, 3]. 
Involvement of the intervertebral disk (IVD) 
spaces and adjacent vertebral bodies, along with 
collapse of the spinal elements, vertebral instabil-
ity, and progressive kyphotic deformity, is known 
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as Pott’s disease, and the associated progressive 
neurological impairment with paraplegia is known 
as Pott’s paraplegia [1]. Large abscesses can be 
present with or without epidural involvement [4]. 
Although chemotherapy is still the gold standard 
for treatment, the aforementioned complications 
can constitute possible surgical indication [1–4].

Most cases of spinal TB occur in a single ver-
tebral body and/or two to three adjacent vertebrae 
[5–7]. Cases where multiple vertebral bodies at 
different levels of the spine are affected are 
known as noncontiguous spinal TB and are rare 
(Fig. 32.1). In general, multiple-bone noncontig-
uous spinal TB was believed to occur in immuno-
compromised patients; because of the lack of 
published reports, there are few guidelines for 
proper management [5, 8]. This chapter will 
address surgical treatment for multifocal spinal 

TB with special insight into its clinical presenta-
tion, effective management, and associated com-
plications and outcomes.

32.2	 �Multifocal Spinal 
Tuberculosis

TB spondylitis most often involves adjacent spi-
nal vertebrae, while noncontiguous vertebral 
involvement is rare [9]. Current literature reveals 
mostly single case reports of this rare clinical 
condition, with good treatment outcomes for the 
most part [10–14]:

•	 Turgut published the first case (in 2001  in 
the English literature) of an extensive multi-
level spinal TB [13] and then highlighted the 

a b

Fig. 32.1  Sagittal CT scan images (a, b) show noncontiguous spinal TB infection with thoracic and lumbosacral 
involvement in a six-year-old male patient
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rarity by reporting only one case out of 694 
patients [9].

•	 Rezai et  al. reported one case of multifocal 
spinal TB in 20 patients; Lindahl et al. reported 
three patients out of 63; and in the study by 
Nussbaum et  al., only one case out of 29 
patients was reported [15–17].

•	 However, other authors seem to indicate that 
spinal TB with several foci is more frequent 
than reported in the literature [9]:

•	 Pandit et al. reported a 25% incidence of mul-
ticentricity in spinal TB.  They studied bone 
scans from 40 spinal TB cases and reported a 
25% (10 out of 40) incidence for skeletal mul-
ticentricity. Of these 40 patients, six had verte-
bral skip lesions, for an incidence of 15% for 
noncontiguous spinal TB [18].

•	 Polley et  al. also reported a 16.3% occurrence 
rate for multifocal spinal TB (16 cases out of 98).

These studies have raised doubt about the 
actual rate of occurrence of these noncontiguous 
spinal TB lesions [9].

Multifocal spinal infections are by nature 
extensive lesions, and there is a higher incidence 
of neurological involvement compared to contigu-
ous disease. This may not necessarily indicate 
more severe disease, but instead shows the height-
ened probability of complications due to the high 
number of levels involved [19]. Most spinal TB is 
of the thoracic and lumbar regions; cervical spine 
involvement occurs in less than 5% of all cases. 
TB of the cervical spine is also the most dangerous 
form of this disease. Mortality rates and the risk of 
quadriplegia are both high [20–22]. Polley et  al. 
highlighted the higher rate of neurological impair-
ment in cases of noncontiguous spinal TB (75%) 
comparing to the rest of the patients studied 
(58.5%) [9]. The case reported by Nussbaum et al. 
underwent surgery for a neurological deficit [16]. 
The case reported by Turgut with involvement of 
whole spinal segments also required surgery due 
to progressive quadriparesis [13]. In a newer 
report, Emel et al. elucidated a case of extensive 
noncontiguous spinal TB of the cervical, thoracic, 
lumbar, and sacral levels, also requiring surgery 
due to progressive paraparesis [10].

Multiple-bone vertebral TB is thought to occur 
in patients whose health is otherwise compromised 
due to underlying conditions such as HIV infec-
tion, steroid therapy, or other medical and/or non-
medical reasons [8]. However, some authors claim 
that noncontiguous multiple vertebral TB is not an 
overt manifestation of immunosuppression, multi-
drug-resistant tuberculosis (MDR-TB), or chronic-
ity [7, 9, 19]. The real reason for an increasing rate 
of noncontiguous disease is not completely under-
stood yet. This increase may be attributed to the 
high prevalence of TB with delayed presentation, 
mainly in areas where TB is endemic. Still, a likely 
reason may well be the increased ability to diag-
nose spinal TB with the use of magnetic resonance 
imaging (MRI) and specific protocols, which yield 
a full spinal study [9].

32.3	 �Pathophysiology

Subligamentous TB is well known to spread 
along the spine and into the paravertebral spaces 
and nearby soft tissues. TB causes osteonecrosis 
characterized by loss of the extracellular matrix 
of vertebral bone followed by collapse of the ver-
tebrae [22]. Often, the anterior parts of two (or 
more) contiguous vertebrae are affected due to 
hematogenous spread via the bifurcation of the 
arteria intervertebralis, which supplies any two 
adjacent vertebrae [23].

To differentiate spinal TB from pyogenic 
osteomyelitis, look for a relative sparing of the 
IVDs. Mycobacteria do not have proteolytic 
enzymes, which are found in the bacteria, which 
can cause pyogenic osteomyelitis  – this may 
spare the IVDs [24]. IVDs are avascular, which 
might keep them from hosting the initial site of a 
TB infection. Perhaps IVD involvement only 
begins when adjacent vertebrae are infected and 
the IVD loses nutritional supply [25]. 
Paravertebral abscesses can also distinguish 
Pott’s disease from other infections, since the 
extent of these collections greatly exceeds the 
area of osseous involvement. These abscesses 
may be located anteriorly, posteriorly, laterally, 
or even circumferentially around the vertebrae. 
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The TB-abscess wall is usually thick, with irregu-
lar enhancement on both computed tomography 
(CT) and MRI.  This radiologic finding is also 
diagnostic of TB spondylitis [25].

In spinal TB infections, the spinal cord may 
become affected via two mechanisms: the first is 
by direct cord compression by bone and/or the 
expanding abscess itself; or second, the cord may 
be directly affected by granulation tissue [26]. 
TB-caused neurological deficits in this context are 
generally more symmetrical and have a more 
gradual onset than deficits from other causes [27].

There are several proposed mechanisms to 
explain spinal involvement in TB infection: (1) 
spread through the venous system (valveless), (2) 
seeding via arterial pathways, (3) lymphatic 
spread, (4) direct infection from adjacent viscera 
and/or nodes, and (5) along soft tissue planes [13, 
28, 29]. The venous system is probably involved 
in the pathological process with noncontiguous 
spinal TB [9]. Once a TB focus gains a foothold 
in the spine by arterial/venous/lymphatic means, 
bacilli shed into the valveless venous plexus, 
which allows backflow because of abdominal 
pressure. Thus, bacilli could travel to various lev-
els and locations, never being filtered by the 
lungs or lymph system, with resulting “skip 
lesions,” much like the mechanisms used by sar-
comas in the venous sinusoids of the long bones 
[9]. This could explain how a patient may present 
with involvement of several isolated spinal levels 
without other overt pulmonary, visceral, or bony 
involvement. The less likely alternative would be 
multiple hematogenous arterial seedings, target-
ing different spinal areas preferentially [9].

32.4	 �Differential Diagnosis

Noncontiguous spinal TB must be distinguished 
from multiple metastatic spinal lesions from a 
systemic malignancy. Metastases will character-
istically spare the IVD space, but so does spinal 
TB. When spinal TB involves several noncontig-
uous vertebrae, its appearance on imaging can be 
mistaken easily for metastatic disease. Two fac-
tors should distinguish spinal TB from neoplastic 
disease: these are the presence of paravertebral 
abscesses and subligamentous spread [25].

Pyogenic or, more rarely, fungal infections are 
other important considerations for the differential 
diagnosis. As mentioned, what distinguishes spi-
nal TB from any pyogenic infection is the sparing 
of involvement of the IVDs [24]. Distinguishing 
between TB and a pyogenic spinal infection 
using histology and culture growth could only be 
done in 62.2% of cases in one study [30]. TB 
should be suspected, however, if the gram stain 
shows pus cells without pyogenic bacteria or 
where aerobic/anaerobic culture shows no growth 
of pyogenic bacteria [31].

32.5	 �Imaging Features

Conventional radiology still remains the corner-
stone in recognition of skeletal TB, along with 
clinical features [24, 32]. Radiographic changes 
typical of Pott’s disease include destruction of 
vertebrae and narrowing of the IVD space, both 
of which can be seen on plain radiographs [33].

In the adult patient with spinal TB, spinal 
infection begins in the vertebral somatic plat-
form (osteomyelitis or spondylitis) and pro-
gresses to the IVD (spondylodiscitis) and then 
into the vertebral body above or below (Fig. 
32.2). In contrast, because pediatric patients 
have highly vascularized IVDs, the infection 
may affect primarily the IVD (discitis) and sec-
ondarily the nearest vertebral bodies [34–36]. 
Destruction of a vertebral body inevitably leads 
to vertebral collapse and a secondary kyphotic 
spinal deformity [37–39]. Involvement of the 
posterior vertebral elements in spinal TB is rare 
but is more common with discitis from other eti-
ologies [40]. The incidence of isolated posterior 
element involvement is estimated to be around 
10% [41].

Spinal TB is often expressed at different verte-
bral levels, which can be contiguous or not [35, 
37, 38]. The lumbar spine and lower thoracic 
spine are the most affected segments [34–37, 40, 
42, 43]. Spinal TB progresses with destructive 
and marked osteopenia associated with lytic 
lesions, very little sclerosis, and poor evidence of 
periosteal reaction (Fig 32.3) [17]. TB infection 
expands into adjacent structures in 75–90% of all 
musculoskeletal cases. Paravertebral involvement 
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a b c

Fig. 32.2  Multiple TB spondylodiscitis at cervical, thoracic, and lumbar levels. Spinal MRI sagittal views on 
T1-weighted image after gadolinium injection (a) and on STIR sequences (b, c) (Courtesy of Pr. Ali Akhaddar, MD, 
IFAANS)

Fig. 32.3  Sagittal CT scan 
image showing extensive 
vertebral destructive lytic 
lesions due to contiguous 
TB infection. Note the lack 
of sclerosis and poor 
evidence of periosteal 
reaction as is characteristic 
in spinal TB
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may appear in the thoracic region as posterior 
mediastinal masses (Fig. 32.4) and in the abdom-
inopelvic region as iliopsoas masses [44]. These 
abscesses are often painless, with no systemic 
manifestations even in advanced stages. 
Calcifications may appear inside the abscess; 
though this is rare, it is very suggestive of TB 
spondylodiscitis [34, 37, 38, 45].

Paravertebral abscesses are more common in 
spinal TB, when compared with other etiolo-
gies. The acute nature and clinical signs/symp-
toms associated with pyogenic abscesses allow 
these to be more easily diagnosed, thereby 
reducing the incidence of paravertebral masses 
[46]. Additionally, pyogenic abscesses almost 
never present with calcifications [46]. Another 
feature, which is characteristic of spinal TB, 
especially with abscess formation, is anterior 
detachment of the lumbar segmentary vessels 
[34, 47]. On radiography, TB abscesses can 
assume a fusiform, globular, or dumbbell-
shaped form, most visible in the thoracic region. 
When a sharp point breaks the rounded outline 
of an abscess shadow, lung penetration should 
be suspected [48].

Radiographic findings in patients with spinal 
TB depend on the extent and duration of infec-
tion. The first radiographs may appear entirely 
normal, but CT scans and MRIs are more sensi-
tive in detecting TB lesions in their early stages 
[49]. An MRI can demonstrate both sparing of 
the IVD and any involvement of the vertebral 
bodies to either side of the IVD. Paravertebral/
iliopsoas or epidural abscesses, nerve root com-
pression, and/or compression of the spinal cord is 
also demonstrated most clearly using MRI stud-
ies (Fig. 32.5) [50].

32.6	 �Surgical Indications

It is well known that chemotherapy is the primary 
method of management of spinal TB. However, 
when a patient presents with kyphosis, a cold 
abscess, and neurological compromise (espe-
cially in an acute setting), surgical intervention 
can be indicated [51–53]. Unfortunately, there is 
no current consensus regarding standardized sur-
gical treatment for spinal TB [51].

Although medical treatment is recognized as 
the gold standard, surgical procedures still hold 
an important place in management of spinal TB 
[54]. Despite this, a recent Cochrane review com-
pared utilizing surgery and chemotherapy versus 
the use of chemotherapy alone and concluded 
that there was no significant benefit from the rou-
tine use of surgery [54]. It should be noted that 
patients with three or more vertebrae involved 
were not included in the early Medical Research 
Council studies. Several studies have also sug-
gested that instability, the probability of defor-
mity, and advancement to neurological deficit are 
consistent and parallel with the size of the verte-
bral anomalies. Complex TB lesions are also a 
potential indication for surgical intervention to 
stabilize the spine [55–57].

The accepted indications for surgical treat-
ment have long been a need for decompression of 
the spinal cord despite medical treatment, poste-
rior spinal lesions, failure of three months of non-
operative treatment, an uncertain diagnosis, or 
recurrence of disease [58]. In fact, according to 

Fig. 32.4  CT scan with axial image showing paraverte-
bral thoracic abscess as a characteristic posterior medias-
tinal mass, with less frequently seen extensive posterior 
spreading in a six-year-old child with multilevel disease
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Moon et al., surgery potentiates early healing by 
debriding the affected area, allowing histological 
assay of the disease, shortening the duration of 
chemotherapy, and reducing late recurrence rates 
[59]. Surgery also corrects or prevents spinal 
deformity, encourages early neurological recov-
ery, and meets patient aesthetic demands [59].

The presence of abscesses, larger abscesses in 
particular, can be considered a relative indication 
for surgery. In 78 patients with deep-seated 
abscesses, as presented by Tuli, 68% of abscesses 
disappeared with conservative treatment, 16% 
regressed to a consistent size, 14% appeared calci-
fied, and only 2% required surgical drainage 
because of complications [58]. In summary, lesions 
that present with limited destruction of the verte-
brae, small abscesses, an absence of progressive 
spinal cord or nerve root compromise, and no 
MDR-TB can be treated conservatively [51]. 
Surgery is indicated when there is persistent pain 
due to instability of the spine, severe or progressing 
neurologic dysfunction due to spinal cord com-

pression by paravertebral or epidural abscesses, 
multilevel disease involving several vertebral bod-
ies, extensive abscess, and poor outcome following 
conservative treatment [47, 51].

32.7	 �Surgical Treatment

Treatment guidelines for noncontiguous spinal 
TB have been garnered from the experiences of 
the practitioners treating it. Surgical intervention 
may be indicated for patients who have severe/
evolving neurological deficits despite treatment 
with anti-TB chemotherapy, those with persisting 
symptoms after adequate anti-TB therapies, and 
those with spinal instability and/or severe spinal 
deformity [60].

Surgery for multilevel, noncontiguous spinal 
TB most often causes more surgical trauma and a 
higher number of complications than surgery for 
single-focus TB disease. Surgical trauma inevita-
bly resulting from the multilevel approaches 

a b

Fig. 32.5  Sagittal (a) and coronal; (b) T1-weighted MRI after gadolinium injection showing noncontiguous spinal TB 
with multiple thoracic left iliopsoas and pre-lumbosacral abscess with characteristic thick walls
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must be limited by addressing the lesions with a 
very clear surgical plan, by using minimally inva-
sive techniques and by utilizing partial debride-
ment rather than more extensive surgery. Priority 
must be given to the most proximal lesions or the 
ones causing neuraxial compression, and 
procedures can be staged in sequence for patients 
with physiological deterioration [60].

There are a variety of surgical approaches for 
spinal TB. The approach may be anterior or pos-
terior, or a combination of techniques, performed 
in several stages. Anterior radical debridement 
and strut graft fusion, known as the Hong Kong 
operation has been for a long time the standard 
technique. A preponderance of literature demon-
strates that this approach is clinically effective 
though the incidence of spinal instability can be 
high. Complementary posterior instrumentation 
may be required [60].

Posterior approaches are increasingly pre-
ferred in the treatment of spinal TB. Surgeons are 
gaining familiarity with posterolateral thoracic 
approaches, pedicular subtraction osteotomies, 
and vertebral posterior resections. These tech-
niques enable surgeons to perform adequate ante-
rior debridement and provide better posterior 
stabilization with less morbidity [60–65].

32.8	 �Surgical Outcomes

There is very little published about treating non-
contiguous spinal TB with surgery. In 2012, Shi 
et  al. published a report regarding 29 cases of 
noncontiguous spinal TB which were treated 
with focal surgery [66]. A mean correction rate of 
59.5% was realized with good bony fusion in the 
final follow-up radiographs. Zhang et  al. also 
reported in 2012 regarding the results of posterior 
transforaminal thoracic debridement, limited 
decompression, interbody fusion, and posterior 
instrumentation for noncontiguous thoracic 
TB. Good clinical outcomes were also achieved 
there [61]. Huang et  al. analyzed the outcomes 
from surgical treatment in 23 cases of noncon-
tiguous spinal TB and concluded that both poste-
rior and posterior-anterior surgical approaches 
were viable options [60]. The aforementioned 

techniques of posterior transforaminal debride-
ment, interbody fusion, and posterior instrumen-
tation as a less invasive technique are possible 
and efficacious for treating multilevel TB infec-
tion [60]. We have also found several case reports 
showing good results in noncontiguous spinal TB 
after surgical treatment, including cases with 
neurological deficits [10–14].

In patients with extensive spinal involvement, 
surgical treatment may cause dramatic improve-
ment, as in the severe instances presented by 
Emel et  al. and Turgut [10–13]. Early surgical 
intervention for patients with multilevel spinal 
TB with large abscesses (and with systemic TB) 
is probably recommended after ancillary support 
has been provided to the patient [10].

32.9	 �Complications

Considering that TB spinal infection is gener-
ally focused in the anterior column, an anterior 
approach gives direct access for debridement 
[67–69]. Classical anterior procedures have had 
problems such as higher morbidity, anesthetic 
complications, injuries to blood vessels, graft-
ing failures, and inadequate fixations due to 
osteopenic bone [69–72]. In addition, there is 
evidence that a singular anterior procedure can-
not appreciably correct a spinal TB deformity. 
Several authors have suggested that posterior 
instrumentation should be added in cases of mul-
tilevel spondylitis, to stop continued progres-
sion of deformation and anterior implant failure 
[73–75].

Alam et al. reported on a multicenter study of 
surgical experiences with 582 patients who had 
spinal TB [67]. Seven cases (1.2%) had superfi-
cial infections and four cases (0.7%) had deep 
infections [67]. Revision surgery was performed 
on six patients (1.0%), implant failure occurred 
in four cases (0.7%), and malpositioning of 
screws occurred in 12 cases (2.1%) [67]. 
Perioperative bleeding complications were 
reported in four patients (0.7%). Neurological 
improvement occurred in all patients except two 
(0.3%). There was also one patient who had a 
vascular injury of the thoracic aorta [67].
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Although we do not have strong evidence 
regarding the rates of complication where there is 
multilevel involvement, available literature seems 
not to show increased rates of complication com-
pared to single-level involvement. Problems are 
more dictated by the presentation of the most 
severe lesions, and rates can be compared with 
those of the contiguous presentation.

�Conclusion

Multifocal spinal TB, a less frequent presenta-
tion of spinal TB, can be a diagnostic chal-
lenge and present a therapeutic dilemma. This 
presentation requires full spinal imaging to 
rule out different levels of seeding in the spine 
and using radiographs, CT scanning, or, more 
preferably, MRI. Metastatic disease or septic 
spondylodiscitis should be on the list of dif-
ferential diagnoses, and integration of other 
imaging in association with blood samples 
can help establish a correct diagnosis.

Although multifocal spinal TB was ini-
tially considered a manifestation of an 
immune-compromised or debilitated host, or 
even a fulminant form of TB, available litera-
ture and our experiences do not support this. 
Most cases come from areas where TB is 
endemic; in fact, multifocal spinal TB may 
even be a rather indolent form of the disease 
with late presentation and concomitant signifi-
cant spinal involvement.

This disease presents a therapeutic 
dilemma because, by itself, without the usual 
indications for surgical treatment, it can be 
treated conservatively although the threshold 
for cervical drainage and stabilization should 
be low. If one or more lesions require a surgi-
cal approach, surgery should follow a proto-
col for solving the neurological deficits from 
proximal to distal, preferably at the mechani-
cally unstable levels first. Then less aggres-
sive intervention can be planned with 
one-stage or two-stage procedures to mini-
mize the surgical impact. It is to be expected 
that complications will arise when addressing 
more than one lesion surgically at a time, 
because of the risk inherent in each approach. 
If surgical treatment of multilevel spinal TB 

is successful, the outcome will be dictated by 
the remaining neurological deficit or any 
symptomatic kyphotic deformity. This is not 
significantly different from what is published 
in the literature for the treatment of contigu-
ous spinal TB lesions.
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Abbreviations

ADC	 Apparent diffusion coefficient
CNS	 Central nervous system
CSF	 Cerebrospinal fluid
CT	 Computed tomography
DWI	 Diffusion-weighted imaging
FLAIR	 Fluid-attenuated inversion recovery
IICP	 Increased intracranial pressure
MRI	 Magnetic resonance imaging
RA	 Rheumatoid arthritis
TB	 Tuberculosis
TBM	 Tuberculous meningitis

33.1	 �Introduction

Today tuberculosis (TB) still maintains its his-
torical significance. It is caused by its drug-
resistant forms, and the widespread occurrence of 
the disease within the community is closely asso-
ciated with increased prevalence of diseases 
causing immune system deficiencies like acquired 
immune deficiency syndrome, known as AIDS. 
The increased incidence of non-pulmonary TB 
parallels the increase in various diseases requiring 
treatments which particularly suppress the 
immune system. Ileocecal, lymph node and cen-
tral nervous system (CNS) involvement are fre-
quent types of non-pulmonary TB.

Involvement of the CNS occurs in 1–5% of all 
TB patients. Every year, over one million new 
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cases of TB are diagnosed. Spinal TB occurs in 
approximately 2% of these patients [1]. 
Meningitis, focal cerebritis, tuberculomas and 
abscesses are the most common lesions [2]. In 
addition, myelitis and intramedullary tuberculo-
mas can be seen, despite being relatively rare. 
Fortunately, the sensitivity of magnetic resonance 
imaging (MRI) for depicting the lesions is high.

TB which spreads through haematogenous 
route results in small Rich’s focus involving the 
subependymal portion of the brain, which is the 
main source of the disease. The picture of lepto-
meningitis occurs when the granuloma loses its 
integrity. This proceeds and leads to obstructive 
hydrocephalus (Fig. 33.1). Immune resistance is 
crucial, and Th1 cells play an important role in 
the defence mechanism against infectious pro-
cess caused by intracellular TB bacteria. The 
developmental mechanism in immune-

suppressed cases results in the formation of an 
abscess. Hydrocephalus, vasculitis, acute infarct 
and cranial nerve involvement may also be seen 
in these cases. Radiologically, diffusion-weighted 
imaging (DWI) and apparent diffusion coeffi-
cient (ADC) mapping are critical for the evalua-
tion of acute infarct (Figs. 33.2 and 33.3). The 
diagnosis of concomitant brain and spinal cord 
tuberculoma is very important for planning of 
proper treatment.

33.2	 �Pathology

33.2.1	 �Tuberculous Meningitis

This condition is usually caused by the rupture of 
a subependymal tubercle into the subarachnoid 
space rather than direct haematogenous seeding. 

Focus corrupted Leptomeningitis

Spread of the
spinal canal

Obstructive hydrocephalus

Haematogenous
way

Rich’s focus

Fig. 33.1  The development of TB of the central nervous system is seen schematically
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During childhood, meningitis is an early postpri-
mary event, and three fourths of these individuals 
have a concurrently active primary complex, 
pleural effusion or miliary TB.  Historically, 
Charcot ve Joffroy first defined this entity in spi-
nal meninges [3]. Its rare cranial form is defined 

as TB- or syphilis-induced. On the other hand, 
Naffziger ve Stern [4] defined the idiopathic 
hypertrophic cranial pachymeningitis.

TB-induced craniospinal hypertrophic pachy-
meningitis was first described in 1991 by 
Okimura et al. [5]. In 1994, Yamashita et al. [6] 
reported a case with posterior fossa and high cer-
vical spinal involvement. Clinically, symptoms 
of increased intracranial pressure (IICP) are seen 
in all these cases. In some cases, the 12th cranial 
nerve palsy, cerebellar ataxia and findings of 
myelopathy may be present. Besides TB, this 
entity may not only be idiopathic but also can 
occur in syphilis, fungal infections, sarcoidosis, 
Wegener’s granulomatosis, rheumatoid arthritis 
(RA), mucopolysaccharidosis and multifocal 
fibrosclerosis [6]. Nevertheless, the coexistence 
of cranial and spinal involvement is seen in the 
idiopathic form and RA.

Radiologically, a hypertrophic dura mater is 
seen on computed tomography (CT) and MRI, 
where contrast enhancement is evident. Also, a 
T2 hyperintense rim may be seen at the periphery 
of the lesion that is isointense on T1- and hypoin-
tense on T2-weighted images and fluid-attenuated 
inversion recovery (FLAIR) images. Tuberculous 
meningitis (TBM) affects basal cisterns (Fig. 
33.4). Importantly, the exudate in the basal cis-
terns can cause obstruction to CSF flow, causing 
hydrocephalus, and can compress certain cranial 
nerves.

33.2.2	 �Solitary Tuberculoma

The majority of solitary tuberculomas are located 
in the intracranial compartment. However, intra-
dural extramedullary tuberculoma of the spinal 
cord is extremely rare [7]. Tuberculomas are 
rigid, non-vascular, caseous bulk of variable size 
ranging from around 1 to 4  cm. Lesions may 
occur on all spaces of the CNS.

Intraspinal tuberculomas are usually associ-
ated with intracranial involvement [8]. In the case 
series reported by Parmar et  al. [9], a spinal 
tuberculoma and the left cerebellar tuberculoma 

a

b

Fig. 33.2  Axial FLAIR (a) and contrast-enhanced 
T1-weighted images (b) show hydrocephalus and tuber-
culomas (Courtesy of I. Sebnem Orguc)
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a

c

b

Fig. 33.3  Acute infarct in the right basal ganglia is seen 
hyperintense on diffusion-weighted MRI (a) and hypoin-
tense on ADC image (b). In addition, there are some 

tuberculomas on fat-suppressed contrast-enhanced 
T1-weighted image (c)

a b c

Fig. 33.4  MRI revealing TBM affecting basal cisterns 
(arrow). Hydrocephalus is seen on T2-weighted image 
(a), while pachymeningitis is seen on axial (b) and coro-

nal (c) contrast-enhanced T1-weighted images (Courtesy 
of I. Sebnem Orguc)
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were coexisting only in one case. In a report by 
Bucy and Oberhill, the lesions were also present 
elsewhere in the CNS in three cases out of the six 
cases with a spinal cord tuberculoma [10]. 
Multiple intracranial tuberculomas are seen at 
about 10–33% of the cases, whereas multiple spi-
nal lesions are rarer [8]. Concurrent intracranial 
and intramedullary TBs are extremely uncom-
mon and mostly described in immunocompro-
mised patients [11] (Figs. 33.5 and 33.6).

In 1990, a total of three cases with concurrent 
intracranial and intramedullary tuberculomas 
were noted in a literature review by MacDonnel 
et al. [12]. Later, a case with both intracranial and 
intramedullary lesions was reported by Sharma 
et al. [13]. In 2007, Muthukumar et al. presented 
the paradoxical codevelopment of an intradural 
extramedullary spinal tuberculoma and multiple 
intracranial tuberculomas in a 21-year-old case 
with TBM despite the application of anti-TB 
therapy [14, 15]. Especially during TBM, intra-
medullary TB paradoxically occurs under anti-
TB therapy, which is an immune response to the 
release of the tuberculoprotein. The destruction 
of bacilli increases lymphocytic proliferation, 
thereby enabling the inapparent tuberculomas to 
appear [16, 17]. Intramedullary TB develops pri-
marily in the spinal cord or secondarily from the 
focus elsewhere in the body. Secondary intra-
medullary TBs are caused by the haematogenous 
inoculation of the bacilli into the cord substance 
or less commonly via the CSF flowing across the 
central canal [11]. In another report by Das et al., 
a patient was shown to have a cerebellar tubercu-
loma in addition to the cervical intramedullary 
lesion [11].

The imaging features of intramedullary TB 
lesions were shown to resemble those of intra-
cranial lesions by Parmar et  al. [9]. TB may 
have spinal involvement with myelitis, meningi-
tis and arachnoiditis. In this regard, fine menin-
geal contrast enhancement is detected. It may 
involve the subarachnoid space and particularly 
proceed as far as the nerve roots in the lumbar 
region.

Although the first documented spinal TB 
cases date back to 5000-year-old Egyptian mum-
mies, the first modern case of spinal TB was 
described in 1779 by an English surgeon Percivall 

Pott. Spinal TB, known as Pott’s disease, accounts 
for half the cases of osteoarticular TB [18]. 
Pathophysiologically, the vertebral inoculation 
occurs via haematogenous route. The process 
then spreads to the intervertebral disc and, in 
some cases, to the adjacent vertebrae. Paraspinal 
abscesses may develop by direct spread from the 
vertebral lesions [18]. TB of the cervical region is 
the most dangerous form of the skeletal TB, and 
clinically the quadriplegia and death may follow. 
Diagnosis of Pott’s disease can be missed as 
some cases may be asymptomatic [19].

33.3	 �Clinical Manifestations

The ratio of the involvement by TB of spinal cord 
to that of the brain is 1:42 [20]. In endemic areas, 
intramedullary tuberculoma is rare, and the inci-
dence of intramedullary tuberculoma is 0.2–5% 
of all CNS tuberculomas [20].

In a report by Thacker et al. [21], a young girl 
presented with progressive paraparesis and imag-
ing findings revealing intramedullary tubercu-
loma with incidentally discovered multiple 
intracranial tuberculoma. Besides, Tanwar et al. 
[22] reported a 28-year-old patient presenting 
with headache, vomiting, vertigo and bilateral 
weakness in lower extremity. In another report by 
Shen et al., the patients were suffering from para-
plegia [23]. The most dangerous form of extra-
pulmonary TB is spinal TB, which can cause 
destruction of the vertebral body and spinal insta-
bility even paraplegia in turn [1].

33.4	 �Radiology

33.4.1	 �CT Scan

On CT, tuberculomas are irregular rounded 
lesions with low or high density and show ring 
enhancement. Also, a hypertrophic dura mater is 
seen in CT and contrast enhancement is evident. 
The radiologic differential diagnosis includes 
meningioma en plaque, fibroma, dural carcino-
matosis, neurosarcoidosis and lymphoma [24]. 
Syringomyelic changes may develop at the 
advanced stages.

33  Concurrent Occurrence of Brain Tuberculoma Along with Spinal Cord Tuberculoma
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a

c

b

Fig. 33.5  Right temporoparietal oedema is seen as 
hypointense on T1-weighted image (a) and hyperintense 
on T2-weighted image (b). There is dense contrast 

enhancement due to TB in the right sylvian fissure, cistern 
and suprasellar cistern on fat-suppressed contrast-
enhanced T1-weighted image (c)

33.4.2	 �MRI

MRI is known to be more sensitive for the 
detection of the disease. On MRI, a hypertro-

phic dura mater is seen and contrast enhance-
ment is evident. A T2 hyperintense rim may be 
observed at the periphery of the lesion that is 
seen as isointense on T1-weighted images and 
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hypointense on T2-weighted images and 
FLAIR images. The lesions show ring-shaped 
contrast enhancement. The tuberculoma 
depends on whether the lesion is non-caseating 
with a solid centre, or caseating with a liquid 
centre, in MRI.  The non-caseating types are 
hypointense on T1-weighted images and/or 
hyperintense on T2-weighted images. Also, 
they show homogenous enhancement (Figs. 
33.7 and 33.8). Nevertheless, the other type of 
tuberculoma is hypointense or isointense on 
both T1- and T2-weighted images and ring 
enhancement (Figs. 33.9 and 33.10)

In 1993, Shen et al. [23] reported a 30-year-
old man with miliary TB of the lung. The patient 
suffered sudden paraplegia due to tuberculomas 

in the thoracic spinal cord, and MRI showed 
more tuberculomas in the cervical spinal cord, 
brainstem and cerebral and cerebellar hemi-
spheres. The tuberculomas were isointense on the 
T1-weighted images and hyperintense on the 
T2-weighted images; there was marked enhance-
ment with intravenous contrast [23]. Afterwards, 
Park et  al. [25] and Yen et  al. [26] reported 14 
cases with multiple intramedullary tuberculomas. 
The CT or MRI of the brain was performed in 
four cases, where the incidence of multiple intra-
medullary tuberculomas concurrent with dissem-
inated intracranial tuberculomas was 50%. Yen 
et  al. [26] suggested that the MRI of the brain 
should be performed in a case of multiple 
intramedullary spinal tuberculomas due to the 

a b c

Fig. 33.6  Nodular, thick and linear intradural enhance-
ment on sagittal contrast-enhanced T1-weighted images 
(a, b) and sagittal T2-weighted image (c), with diagnosis 

of cerebellar and spinal tuberculomas (arrow) (Courtesy 
of I. Sebnem Orguc)
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risk for the presence of early asymptomatic intra-
cranial tuberculomas.

TB pus formation may fill the dural distance; 
it is seen as hyperintense on T2-weighted image 
and iso-hypointense on T1-weighted images. On 
the other hand, the dural granuloma is isointense 

on T2- and T1-weighted images. These granulo-
mas have peripherally contrast enhancement 
[27]. In spinal cord involvement, the lesions are 
isointense with the spinal cord on T1-weighted 
images. These lesions have diffuse contrast 
enhancement.

a b c

d e f

Fig. 33.7  (a–f) Well-defined and homogenous 
enhancement human immunodeficiency virus-positive 
16-year-old male patient. Multiple tuberculomas located in 
the cerebellum and cervical spinal cord are seen as isoin-
tense on T1-weighted image, isointense on T2-weighted 
image and enhanced on contrast-enhanced T1-weighted 

images. In addition to these tuberculomas, there are verte-
bral body and disc space involvement at lumbar region and 
bilateral psoas abscesses. The patient presented with low 
back pain for 2 years and headache for 2 days, and neu-
rological examination revealed the seventh cranial nerve 
involvement and paraplegia (Courtesy of YR Yadav)

a b c

Fig. 33.8  TB granulomas are seen in the mesencephalon on axial contrast-enhanced T1-weighted (a), axial FLAIR (b) 
and sagittal T2-weighted (c) images

Ö. Tunçyürek et al.
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a

c

b

Fig. 33.9  Coronal (a) and sagittal (b) and axial (c) on fat-suppressed contrast-enhanced T1-weighted images show 
peripheral or ring enhancement multiple tuberculomas on cerebral hemispheres
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33.5	 �Differential Diagnosis

The differential diagnosis of tuberculomas (intra-
cranial and intramedullary) includes cysticerco-
sis, pyogenic abscess, toxoplasmosis and 
neoplasia (lymphoma, astrocytoma or metastatic 
lesion). Radiologically, the entities that should be 
considered in the differential diagnosis include 
are meningioma en plaque, leptomeningeal carci-
nomatosis, fibroma, dural carcinomatosis, neuro-
sarcoidosis and lymphoma [24].

Radiologic findings of pachymeningitis are 
characteristic despite not being diagnostic. Chronic 
granulomatous infections, i.e. cryptococcus, histo-
plasmosis, coccidioidomycosis and syphilis, could 
also cause thickening of the dura. On DWI, low 

ADC has been found in fungal and TB abscesses 
similar to pyogenic abscesses. TB abscesses exhibit 
significantly lower magnetization transfer ratios 
compared with those of pyogenic abscesses. 
Pyogenic and TB abscesses may be differentiated 
by their unique metabolite pattern with recognition 
of amino acids in pyogenic abscesses and lipid 
peak in TB abscesses [28].

33.6	 �Medical Treatment

Medical treatment is advocated as the initial ther-
apy for intracranial and intramedullary tubercu-
loma, and surgery is reserved for medical failure. 
In their report in 2012, Li et al. [29] discussed 23 

Fig. 33.10  Sagittal (a, b), axial (c–g), T1-weighted (d), 
contrast-enhanced T1-weighted (b, e), FLAIR (f) and 
T2-weighted (a, c, g) images that show ring- and dot-

enhanced hyperintense lesions (arrow) were detected in a 
patient with headache, fever and weight loss symptoms

Ö. Tunçyürek et al.
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cases that they followed between 1999 and 2008. 
Among these, only three cases had coexisting 
intracranial and spinal involvement, where the 
latter was noted to be at T3-4, T2-4 and C5-7 lev-
els, respectively. Intracranial biopsy and laminec-
tomy were performed in all cases. The Karnofsky 
Performance Scales of the patients during the 
discharge were 90, 100 and 70, respectively.

It may be important to know that in the pres-
ence of meningeal inflammation, both isoniazid 
and pyrazinamide reach as high concentrations as 
in the blood. Rifampicin penetrates the blood-
brain barrier less well but still adequately.

The ethambutol level approaches 10–50% of 
serum levels in the patients with meningeal 
inflammation. Similarly, streptomycin is not 
detectable in normal meninges, while in patients 
with meningitis, CSF levels may reach up to 20% 
of serum concentrations [30, 31]. Most authori-
ties recommend adjunctive corticosteroids in 
TBM, particularly stage 2 (objective neurologic 
findings) and stage 3 (stupor-coma) patients, 
beginning prednisone at 60–80 mg daily [32].

In the treatment of intracranial tuberculoma, 
corticosteroids reduce oedema and symptoms, 
and chemotherapy prevents the spread of the 
infection in cases diagnosed during the surgical 
intervention. Paradoxical enlargement has also 
been observed in isolated intracranial tubercu-
loma, while the patient was on anti-TB therapy. 
However, with continued treatment, eventual 
resolution of these tuberculomas occurs [33, 34].

33.7	 �Surgery

Concurrent occurrence of brain and spinal TB is 
a serious condition, where surgery should some-
times be considered for the treatment. Apparently, 
early diagnosis is very important. We empha-
sized that MRI of the cord should be performed 
in the case of multiple intracranial tuberculomas 
because of the probable presence of asymptom-
atic intramedullary tuberculomas. Intracranial 
tuberculomas that act as single space-occupying 
lesions with midline shifts and IICP and that fail 
to respond to chemotherapy should be surgically 

removed [35]. Hodgson achieved clinical out-
comes by the ‘Hong Kong operation’ including 
debridement, excretion of the spinal cord and 
bone grafting, in 1964 [36]. Quian et al. [1] dem-
onstrated the advantages of debridement: (1) 
debridement could promote response to chemo-
therapy and (2) could bring about a decompres-
sion of the spinal cord. The authors presented 
some disadvantages; that is, radical debridement 
compared to no debridement can increase the 
procedure time, blood loss and operative trauma.

Conclusion

Concurrent occurrence of brain and spinal TB 
is a serious condition. By means of the imag-
ing features, a proper differentiation from 
other cases can be performed. In the most of 
the cases, management of cases with concur-
rent brain and spinal cord tuberculoma con-
sists of anti-TB treatment and surgical removal 
of infection focus. Spinal involvement some-
times develops as a result of paradoxical 
responses of anti-TB medication. In such 
cases, the outcome for the treatment can be 
enhanced by early diagnosis.
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Abbreviations

CNS	 Central nervous system
CSF	 Cerebrospinal fluid
HART	� Highly active anti-retroviral treatment
HIV	 Human immunodeficiency virus
IFN	 Interferon
IL	 Interleukins
IRIS	� Immune reconstitution inflammatory 

syndrome
PR	 Paradoxical reaction
PR-IRIS	� Paradoxical immune reconstitution 

inflammatory syndrome
TB	 Tuberculosis
TBM	 Tuberculous meningitis
TLR	 Toll-like receptors
TNF	 Tumor necrosis factor
TREM	� Triggering receptor expressed on 

myeloid cells

34.1	 �Introduction

Paradoxical worsening or paradoxical reaction 
(PR), as the name suggests, is defined as the 
worsening of the pre-existing tuberculosis (TB) 
of the nervous system or appearance of newer TB 
lesions upon initiation of anti-TB treatment [1]. 
Previously thought to be rare, it is now seen in 
nearly half of all patients with CNS TB who 
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undergo treatment with anti-TB drugs [2]. The 
paradoxical worsening may be seen in HIV-
negative as well as HIV-positive patients. 
However, in HIV-positive patients, paradoxical 
worsening of TB lesions is called immune recon-
stitution inflammatory syndrome (IRIS), and this 
paradoxical worsening is witnessed after starting 
highly active anti-retroviral treatment (HART) 
[3]. In HIV-positive patients, IRIS may be  
paradoxical-IRIS (PR-IRIS) or unmasking-
IRIS. Paradoxical-IRIS is defined as worsening 
of pre-existing TB or appearance of new lesions 
in patients already taking anti-TB treatment after 
initiation of HART. Unmasking-IRIS is defined 
as newly appeared TB lesions in patients with 
HIV disease upon initiating HART in whom TB 
was previously not diagnosed [4]. Unfortunately, 
not much of research is done in HIV-negative 
patients with paradoxical reactions. Therefore, 
the case definition of paradoxical worsening of 
TB in HIV-negative patients is not well defined. 
Unlike HIV-negative patients, paradoxical-IRIS 
has been relatively well studied.

34.2	 �Paradoxical Reaction in HIV-
Negative Patients

34.2.1	 �Case Definition

The most commonly used case definition by 
researchers for retrospective chart review or for 
prospective studies on patients with paradoxical 
worsening of TB includes the criteria used by 

Carvalho et al. [5]. The case definition for PR in 
immunocompetent patients is given in Table 
34.1. Carvalho et al. [5] used 1 month of mini-
mum duration of treatment with anti-TB therapy 
to differentiate delayed or no response to treat-
ment from PR. However, some researchers have 
further classified paradoxical worsening of TB 
into “probable” (14–27 days after starting of anti-
TB therapy) and “definite” (more than 4 weeks 
after initiation of anti-TB treatment) [2].

34.2.2	 �Epidemiology

PR can occur in pulmonary and extrapulmonary 
TB. Among extrapulmonary TB, PR is most fre-
quently observed in CNS TB followed by pleural 
TB.  The frequency of PR in CNS TB among 
HIV-negative patients as reported from the retro-
spective studies has been variable ranging from 
less than 1% to 32.8% [2, 5–11]. In a recently 
published prospective study, the frequency of PR 
among HIV-negative patients was found to be 
56% [2]. Time to onset of PR (after initiation of 
anti-TB therapy) ranged from 28  days to 
9  months, but majority of patients presented 
within 50 days. Most of the populations studied 
have been Asians.

34.2.3	 �Paradoxical Manifestations

PR may manifest as reappearance of clinical fea-
tures, radiological abnormalities, or increase in 
cerebrospinal fluid (CSF) pleocytosis. Most com-
mon paradoxical manifestations in patients with 
CNS TB are reappearance of clinical features [2]. 
Clinical manifestations may be constitutional 
symptoms like fever, night sweats, new enlarged 
lymph nodes, or features suggestive of worsening 
of CNS TB like headache, vomiting, vision loss, 
hemiparesis, signs of meningeal irritation, or 
deterioration in the level of consciousness. In a 
prospective study of PR in CNS TB in HIV-
negative patients, the clinical features that were 
observed in decreasing order of frequency were 
worsening of consciousness, seizures, hemipare-
sis, headache, visual impairment, third cranial 

Table 34.1  Case definition of paradoxical tuberculosis 
in immunocompetent patients

There are four components to this case definition:
 � (a) The patient should have a definite or probable 

diagnosis of tuberculosis
 � (b) The clinical/radiological worsening of 

tuberculosis should occur at least 1 month after 
initiation of antitubercular treatment

 � (c) Prior to worsening, patient should show signs of 
improvement after initiation of antitubercular 
treatment

 � (d) The other causes of worsening of symptoms/
signs like drug-resistant tuberculosis should be 
excluded
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nerve palsy, back pain, sixth cranial nerve palsy, 
and ataxic gait [2]. Rarely, PR may involve spinal 
cord and produce paraparesis secondary to spinal 
cord tuberculoma or arachnoiditis.

Neuroimaging characteristics of CNS 
TB-related PR in HIV-negative patients in order 
of decreasing frequency are deterioration of lep-
tomeningeal enhancement, appearance of new 
infarcts, tuberculomas, and increase in size of 
persisting tuberculoma.

Leptomeningeal enhancement as a result of 
PR occurs at the sylvian fissures, basal regions of 
the brain with accumulation of thick basal exu-
dates (Fig. 34.1). These exudates accumulate 
around the midbrain and pons occupying the 

interpeduncular cistern, cisterna ambiens, peri-
pontine cistern, sellar area, and suprasellar cis-
tern. These basal exudates affect the cranial 
nerves that traverse the base of the middle cranial 
fossa and produce ophthalmoplegia (third and 
sixth cranial nerves) [12]. Inflammation of 
meninges around the optic chiasma also produces 
vision loss and optic atrophy (Fig. 34.1) [13–15]. 
The basal exudate is a thick, gelatinous granula-
tion tissue that can also produce inflammation of 
the major blood vessel forming the circle of 
Willis and may result in large artery infarcts.

The appearance of new infarcts is the second 
most common neuroimaging feature associated 
with PR in TBM. Though reported with variable 

a

c d e

b

Fig. 34.1  A 25-year-old female with miliary TB shows 
active choroid tubercles (fluffy, raised, light yellow) in the 
inferomedial aspect of the left eye (a) that improved (evi-
denced by glistening yellow, sharp-circumscribed and 
contracted tubercles) after 3  months of anti-TB therapy 
(b). Her baseline MRI shows minimal optic chiasma and 

peripontine exudates (c). Despite improvement in fundus 
findings, her repeat MRI at 3  months shows extensive 
optic chiasmal exudates and appearance of paradoxical 
tuberculoma in the pons and hydrocephalus (d). A right 
paradoxical caudate infarct is also seen on diffusion-
weighted image (e)
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frequency, in a recently published study, infarcts 
are seen in 29% of patients at duration of 28 days 
to 5  months [16]. In another prospective study 
comprising 100 patients, only three patients 
developed paradoxical infarcts. On univariate 
analysis, stroke predictors were age greater than 
25 years; involvement of cranial nerve, exudates 
in the sylvian fissure, posterior fossa and optic 
chiasma exudates; and stage III TBM [16]. 
Angiographic abnormalities have also been 
observed in few patients with TBM after starting 
of anti-TB therapy in the form of vasculitis or 
vasospasms [2, 18]. However, these findings are 
seen only in minority of patients. Aspirin has 
been shown to reduce paradoxical infarcts with a 
positive impact on 3-month mortality [17]. The 
distribution of infarcts is variable, but the peri-
ventricular area especially the basal ganglia 
region is most commonly involved (Fig. 34.1) 
[16]. However, large artery infarcts and infarcts 
in the posterior circulation are not uncommon.

Enlarging tuberculoma and appearance of new 
tuberculoma were initially thought to be the most 

common manifestation of PR (Figs. 34.2 and 
34.3) [19]. However, in a recently reported pro-
spective study, 20% of patients showed new 
tuberculoma, whereas 5% showed enlargement 
of pre-existing tuberculomas at duration of 
28 days to 5 months and 28 days to 9 months, 
respectively [2]. This is in contrast to leptomen-
ingeal enhancement that was observed in nearly 
one-third of all patients with PR. The increase in 
the size of tuberculoma is also shown to be asso-
ciated with paradoxical CSF response in form of 
increase in polymorphonuclear cell count [20]. 
Clinical features associated with enlarging tuber-
culoma or appearance of new tuberculoma may 
be the worsening vision, increase in headache, 
new onset of seizures, and appearance of limb 
weakness or hemiparesis. However, the enlarge-
ment of pre-existing tuberculoma may be asymp-
tomatic and may appear several months to more 
than a year after initiation of anti-TB chemother-
apy (Figs. 34.2 and 34.3).

Paradoxical worsening of hydrocephalus is 
reported in 7–10% of patients occurring at a 

a b

Fig. 34.2  A 30-year-old female with TBM and tubercu-
loma. Her baseline MRI brain shows a left paramedian 
frontal small tuberculoma on axial post-contrast image (a) 
with minimal perifocal edema on FLAIR image (b). A 

repeat MRI after 18  months of anti-TB therapy shows 
asymptomatic increase and conglomeration of left para-
median frontal tuberculoma (c) with increased perile-
sional edema (d)
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median duration of 28  days to 5  months after 
starting of anti-TB therapy [2, 21]. Paradoxical 
hydrocephalus is usually associated with basal 
exudates, tuberculoma, and infarcts and carries a 
poor prognosis. Usually, the hydrocephalus is 
communicating type but rarely it may be obstruc-
tive. Paradoxical asymmetrical dilatation of ven-
tricles is also known which may be associated 
with evidence of TB ventriculitis [22]. Rarely, 
acute worsening of consciousness with signs of 
raised intracranial pressure and evidence of 
impending brain herniation may be seen in 
patients with paradoxical trapped temporal horn 
of lateral ventricle (Fig. 34.4). These patients 
may require urgent decompression of trapped 
ventricle by shunt surgery or urgent temporal 
lobectomy [22].

Paradoxical spinal cord involvement was 
observed in 7% of patients with TBM [2]. The 
observed time to paradoxical spinal cord involve-
ment was between 28  days and 34  weeks. The 
involvement of the spinal cord may occur as 
radiculomyelopathy, myelitis, and Pott’s spine. 
Functional abnormalities like bladder dysfunc-

tion are more common than paradoxical radio-
logical abnormalities of the spinal cord. 
Paradoxical bladder dysfunction in patients with 
TBM was seen in 28% of patients in a prospec-
tive study that performed urodynamic study in 
patients with TBM [23]. Majority of these 
patients had lumbosacral TB arachnoiditis (Fig. 
34.5) [24–26]. Other paradoxical abnormalities 
in the spinal cord observed in patients with TBM 
were spinal cord infarctions, intramedullary 
tuberculoma, extramedullary tuberculoma, and 
rarely cord myelomalacia/syringomyelia [27–
32]. Many patients of TBM may also have Pott’s 
spine which remain unnoticed due to overwhelm-
ing clinical features of TBM. Pott’s spine in these 
patients is diagnosed only later in the course of 
illness when these patients become conscious or 
when they become mobile. These patients may 
be wrongly reported as paradoxical spinal cord 
manifestation of TBM.

Paradoxical CSF response is variably 
reported from 17% to 34% of patients with 
TBM occurring at 28  days to 7  months and 
4–108  days, respectively [2, 33]. Paradoxical 

c d

Fig. 34.2  (continued)
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manifestations of CSF may include change in 
cell lineage from mononuclear cells to polymor-
phonuclear cells, increase in cell count, and 
increase in CSF protein or reduction in CSF glu-
cose [33, 34]. These CSF changes have been 
reported with appearance of paradoxical 
changes in brain tuberculoma. However, these 
CSF abnormalities may remain asymptomatic in 
majority of patients and improve over a period 
of time on anti-TB chemotherapy.

The recurrent PR has recently been 
described. Recurrent paradoxical manifesta-
tions may be seen in as high as 30% in patients 
with TBM [2]. The recurrent paradoxical mani-
festations may be in form of recurrent seizures, 
recurrent hemiparesis (recurrent ischemic 
strokes), and recurrent deterioration of con-
sciousness. Time to recurrent paradoxical man-
ifestations may be variable. Continued 
exaggerated immune response after starting of 
anti-TB therapy and continued antigenicity of 
cell wall products of Mycobacterium tuberculo-
sis are hypothesized as the underlying mecha-
nism for recurrent PR [35, 36].

34.2.4	 �Pathophysiology

In response to a pathogen, two types of immune 
responses take place in human body. One is 
pathogen-induced antigen-specific response that 
involves activation of naïve CD4 cells (Th0) 
which further differentiate into Th1 and Th2 
cells. The Th1 cells promote inflammation by 
elaborating interferon gamma, activation of mac-
rophages, and activation of other pro-
inflammatory pathways. Th2 cells mainly secrete 
interleukin 4 and interleukin 10 and suppress 
inflammation and produce immunosuppression 
[37–39]. Regardless of specific pathogen, the 
immune system also has an innate immune 
response. The Th17 cells and regulatory T cells 
(Tregs) which form an important part of innate 
immunity have a role in pathogenesis of paradox-
ical responses [40]. The Th17 cells require both 
interleukin 6 and tumor growth factor to initiate 
differentiation. Once activated, they secrete inter-
leukin 17 and interleukin 22 and thereby promote 
pro-inflammatory chemokines and metallopro-
teinases for recruitment of neutrophils for eradi-
cating pathogens [41–43]. Tregs play a role in 
reducing the inflammation and preventing the 
resultant tissue damage [44].

Pathogenesis of PR in CNS TB in immuno-
competent individuals is not clear. There are sev-
eral hypothesis supported by limited evidences. It 
is believed that an exaggerated immune response 
in patients with TBM that involves both innate 
and acquired immunity is responsible for 
PR. This occurs after initiation of effective anti-
TB therapy that somehow increases the CSF and 
peripheral lymphocytes after a time lag that co-
relates with the onset of clinical/radiological 
manifestation of PR [45]. This presumed mecha-
nism is similar to the one known to produce 
paradoxical-IRIS in HIV patients. It is also sug-
gested that a deregulated cellular immunity 
results in conversion of latent TB in active TB 
that manifests as PR [46]. Conversion of CSF 
lymphocytic pleocytosis into polymorphonuclear 
cells has also been implicated [47]. Similarly, an 
elevated tumor necrosis factor (TNF-α) in the 

Fig. 34.3  Contrast-enhanced CT shows two large para-
doxically developed tuberculomas after 3  months in a 
patient with TBM (Courtesy of R. K. Garg, M.D.)
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a b

c d

Fig. 34.4  A 18-year-old boy with TBM presented with 
intractable headache and papilledema and shows dilated 
temporal horns of lateral ventricle and small fourth ven-
tricle suggestive of non-communicating hydrocephalus 
(a). He improved after ventriculoperitoneal shunt and 
anti-TB therapy along with steroids. A repeat CT head 
was done after 3 months due to reappearance of headache 
and visual obscurations. It shows paradoxical asymmetri-

cal dilatation of right temporal horn of lateral ventricles 
(b). Two weeks later, patient presented with altered con-
sciousness with bipyramidal signs. His cranial MRI 
showed trapped right temporal horn with periventricular 
vasogenic edema and transtentorial herniation on FLAIR 
images (c). Post-contrast T1-weighted image shows 
intense enhancement of ependymal lining of the right 
temporal horn suggestive of ventriculitis (d)
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CSF that is responsible for initiating granuloma-
tous inflammation is also thought to contribute to 
PR [48]. A role of regulatory T cells has also been 
hypothesized. In the early stage of infection, the 
frequency of regulatory T cells increases in the 
blood as well as at the infection site. However, 
these cells are discarded later in the stage of 
infection to prevent suppression of inflammation 
[48]. Despite various suggested pathways, the 

exact pathophysiology of PR in CNS TB in an 
immunocompetent host remains unclear.

34.2.5	 �Predictors of Paradoxical 
Reactions

Unlike PR-IRIS in HIV patients, the predictors 
of PR in immunocompetent patients are not 

a b c

Fig. 34.5  A 36-year-old gentleman presented with TBM 
complicated with thick basal exudates, pontine infarct, 
and communicating hydrocephalus. Despite improvement 
of symptoms of cranial meningitis on anti-TB therapy and 
steroids, patient developed lower back pain with radiation 
to both legs and symptoms of neurogenic bladder after 
4 months of initiation of anti-TB therapy. His lumbosacral 
MRI performed 4 months after initiation of anti-TB ther-
apy revealed thick exudates in the epidural space opposite 
S1, S2 along with pachymeningeal enhancement along 

the cauda equina on post-contrast sagittal image. A repeat 
MRI of the lumbosacral spine after 18 months of anti-TB 
chemotherapy revealed asymptomatic paradoxical diffuse 
adhesive arachnoiditis with clumping and posterior dis-
placement of cauda equina along with contrast enhance-
ment of spinal nerve roots and increased epidural exudates 
opposite S1, S2 (a). Leptomeningeal enhancement of 
lumbar spinal cord is also seen (b). T2 fat-suppressed sag-
ittal image shows internal septations and CSF loculations 
with clumped spinal nerves roots (c)
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clearly known. In a recent study, the various 
factors were compared between patients with 
definite, probable PR and no PR. These factors 
included age greater than 50 years, sex, stage of 
TBM, diabetes mellitus, use of steroids, delay 
in diagnosis, and disseminated TB.  However, 
none of the factors were significantly different 
on univariate analysis [2]. Therefore, logistic 
regression methods could not be applied to 
determine the predictors of PR in non-HIV 
patients in their study.

34.2.6	 �Treatment

Unfortunately, there is paucity of randomized 
controlled trials to determine the right treat-
ment of paradoxical manifestations in patients 
with CNS TB.  However, the experts believe 
that continued treatment with anti-TB therapy 
and steroids generally produce recovery from 
PR.  A study in pediatric TBM patients with 
adjunctive steroids showed reduced incidence 
of paradoxical tuberculoma [49]. However, a 
similar study in adults showed equal incidence 
of paradoxical tuberculoma in a study group 
who received steroids and the placebo group 
[20]. There are anecdotal reports of recovery of 
patients who developed PR despite steroids 
with tumor necrosis factor α inhibitors like inf-
liximab, adalimumab, thalidomide (which is 
potent tumor necrosis factor α inhibitor), cyclo-
phosphamide, and interferon-γ [50–54]. In 
severe life-threatening conditions, surgical 
treatment may have to be used. The most com-
mon surgical procedure performed is ventricu-
loperitoneal shunt and endoscopic third 
ventriculostomy as CSF divergent procedure in 
patients with acute hydrocephalus manifesting 
as PR [26]. Excision or debulking of TB 
abscesses or large tuberculomas and rarely tem-
poral lobectomy are performed in patients with 
trapped temporal horn of lateral ventricle [26, 
55]. For spinal manifestation of PR, surgical 
debridement of intradural extramedullary 
tuberculoma may be required. Excision of 
intramedullary tuberculoma is rarely required 
in medically refractory cases [56].

34.2.7	 �Prognosis

The outcome of patients who develop PR gener-
ally remains favorable. In a recently reported 
study, 61% of patients with TBM who had a defi-
nite PR and 55% with no PR improved [2]. 
Patients who develop infarcts, optochiasmatic 
arachnoiditis with associated vision loss, and 
optic atrophy may continue with neurological 
sequelae.

34.3	 �Paradoxical Reaction in HIV-
Positive Patients

34.3.1	 �Case Definition

Case definitions for paradoxical-IRIS were avail-
able since 2004, initially given by French et al. 
[57], and later other researchers also suggested 
their case definitions for PR-IRIS [58, 59]. 
However, these case definitions were not appli-
cable for resource-poor countries due to non-
availability of expensive laboratory methods. 
Therefore, a consensus-based case definition was 
evolved in 2008 for use in the resource-rich and 
resource-poor countries (Table 34.2) [4].

34.3.2	 �Epidemiology

Among HIV-positive patients, a meta-analysis 
conducted in 2010 revealed paradoxical 
TB-associated IRIS (that included different 
organ systems) in 15.7% (95% CI 9.7–24.5), and 
death reported were 3.2% (95% CI 0.7–9.2) 
among those with TB PR-IRIS [60]. In a pro-
spective study that included patients with TBM 
coinfected with HIV, paradoxical TB-IRIS was 
seen in 47% of patients occurring at a median 
duration of 14 days (5–20 days) after initiation 
of HART [61].

34.3.3	 �Paradoxical Manifestations

Paradoxical manifestations of CNS TB-IRIS 
largely remain similar to those without HIV dis-

34  Paradoxical Worsening of Tuberculosis of the Nervous System During Treatment



494

ease. However, the frequency of different mani-
festations may vary. The various clinical or 
radiological manifestations are mostly described 
in case reports or small case series of patients.

In a study on patients with HIV coinfected with 
TBM, frequency of different clinical features, 
radiological presentation, and CSF parameters 
were studied and compared with TBM patients 
without paradoxical-IRIS [61]. In all these patients, 
the HART was initiated within 2 weeks of initia-
tion of anti-TB therapy. Forty-seven percent of 
patients developed paradoxical-IRIS. Clinical fea-

tures in order of frequency were headache, neck 
stiffness, vomiting, visual disturbance, and confu-
sion. However, the frequencies of these clinical 
features were not different from patients without 
IRIS. The mean duration of these symptoms was 
19 days as compared to 9 days in patient without 
IRIS. They also found that the TBM-related para-
doxical-IRIS patients have higher likelihood of 
developing extra-meningeal features and new find-
ings on chest radiographs [61].

The radiological features of paradoxical-IRIS 
remain largely similar as in PR in HIV-negative 

Table 34.2  Case definition of paradoxical tuberculosis-associated IRIS

There are three components to this case definition:
A. Antecedent requirements

Both requirements must be met:
 � Diagnosis of tuberculosis: before initiating HART, patient should fulfill WHO’s diagnostic criteria for smear-

positive tuberculosis, smear-negative pulmonary tuberculosis, or extrapulmonary tuberculosis
 � Initial response to tuberculosis treatment: the patient should have stabilized/improved on ATT before HART 

initiation
B. Clinical criteria

The onset of tuberculosis-associated paradoxical-IRIS should be within 3 months of HART initiation, reinitiation, or 
regimen change: one major criterion or two minor clinical criteria are required
Major criteria

 � New or enlarging lymph nodes, cold abscesses, or other focal tissue involvement, for example, tuberculous 
arthritis

 � New or worsening radiological features of tuberculosis (found by chest radiography, abdominal ultrasonography, 
CT, or MRI)

 � New or worsening CNS tuberculosis (meningitis or focal neurological deficit, for example, caused by 
tuberculoma)

 � New or worsening serositis (pleural effusion, ascites, or pericardial effusion)
Minor criteria

 � New or worsening constitutional symptoms such as fever, night sweats, or weight loss
 � New or worsening respiratory symptoms such as cough, dyspnea, or stridor
 � New or worsening abdominal pain accompanied by peritonitis, hepatomegaly, splenomegaly, or abdominal 

adenopathy
C. Alternative explanations for clinical deterioration must be excluded if possiblea

 � Failure of tuberculosis treatment because of tuberculosis drug resistance
 � Poor adherence to tuberculosis treatment
 � Another opportunistic infection or neoplasm (it is particularly important to exclude an alternative diagnosis in 

patients with smear-negative pulmonary tuberculosis and extrapulmonary tuberculosis where the initial 
tuberculosis diagnosis has not been microbiologically confirmed)

 � Drug toxicity or reaction

Abbreviations: ART anti-retroviral therapy, IRIS immune reconstitution inflammatory syndrome
aIt might be difficult or impossible in resource-poor settings to confirm tuberculosis drug resistance and to exclude 
certain other infections or neoplasia. Cases where alternative diagnoses cannot be fully excluded because of limited 
diagnostic capacity should be regarded as “probable paradoxical tuberculosis-associated IRIS.” In these probable cases, 
should resolution of clinical or radiological findings of the suspected IRIS episode occur without a change in tubercu-
losis treatment or ART having been made, they could then be reclassified as “paradoxical tuberculosis-associated IRIS” 
cases
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patients, but the exact frequency of radiological 
abnormalities and the time to onset of paradoxical-
IRIS after initiation of HART are not known. In a 
prospective study of TBM-related IRIS, 14 out of 
16 patients showed cranial features of TBM, and 
only 2 patients had paradoxical myeloradiculitis 
presenting as paraparesis [47]. HIV patients with 
paradoxical tuberculoma enlargement have a 
greater perilesional edema and a higher chance of 
seizures and clinical deterioration secondary to 
mass effect.

At the time of diagnosis of paradoxical-IRIS, 
TBM patients may have higher neutrophil count, 
higher lymphocyte count as compared to base-
line, lower blood/CSF glucose ratio, and higher 
protein levels. These are the features of recurrent 
CSF inflammation [47].

34.3.4	 �Pathophysiology

Pathogenesis of paradoxical-IRIS in HIV is 
mainly related to recovery of immune functions 
by HART. The high viral load and very low CD4 
cell count are major predictors of paradoxical 
reactions in HIV disease. The reduced pool of 
CD4 cells also includes the memory T cells. 
After 3–6  months of initiation of HART, the 
CD4 T cells increase in number which means 
that the memory T-cell number also recovers 
[62]. This duration also correlates with the onset 
of paradoxical-IRIS. During this time, there is a 
greater access to interleukin 17 which further 
supports memory T-cell survival and expansion. 
Therefore, after starting HART, there is an 
enhanced pro-inflammatory immune environ-
ment with increase in memory T cells, expan-
sion of interleukin 17, and high antigenic 
exposure due to anti-TB therapy, which together 
contribute to paradoxical-IRIS [63, 64]. Unlike 
Th17 cells, the Tregs do not recover adequately 
after initiation of HART [64]. Therefore, the 
exaggerated pro-inflammatory environment due 
to activation of Th17 cells is not adequately reg-
ulated, thereby resulting in greater immune-
mediated injury.

Recently, Lai et  al. studied differentially 
abundant transcripts at 0.5  week and 2  weeks 

after starting HART in TB co-associated HIV 
disease patients and prospectively followed the 
patients to predict the downstream activation of 
pro-inflammatory cytokines in those who prog-
ress to paradoxical-IRIS [65]. They found the 
differential transcript at 0.5  week that favored 
innate immune pathway in those who developed 
paradoxical-IRIS that was mainly represented 
by IL-6 cytokine pathway, upregulated type I 
and II IFN signaling, activation of TLR signal-
ing, and role of macrophages. Transcriptomic 
signature at week 2 was also predictive of innate 
signaling pathways and production of pro-
inflammatory cytokines (TNF-α, IL-1β, IL-6, 
IL-8, IL-12, IL-18, granulocyte-macrophage 
colony-stimulating factor, monocyte chemoat-
tractant protein-1, and macrophage inflamma-
tory protein-2). The signaling was carried out by 
TLR and IL-1/8 receptor and TREM1-induced 
inflammasomes and TLR. Therefore, their study 
also favored a major role of innate immune-
mediated mechanisms responsible for paradoxi-
cal-IRIS [65].

34.3.5	 �Predictors of Paradoxical-IRIS 
in HIV Patients

A low CD4 cell count, high HIV virus load, a 
reduced time gap between starting of anti-TB 
therapy and HART, improvement in CD4 cell 
count and decrease in the viral load upon initia-
tion of HART, and disseminated TB are risk fac-
tors for development of PR-IRIS in HIV patients 
[66]. In a prospective study, a higher baseline 
CSF neutrophil count, high TNF-α levels, low 
IFN-γ level, and positive CSF culture for M. 
tuberculosis are also found to predict the devel-
opment of paradoxical-IRIS [47].

34.3.6	 �Treatment

A randomized placebo-controlled study of ste-
roids in TB-IRIS patients showed significant 
improvement in TB-IRIS in patients who 
received steroids [67]. However, the study did 
not include patients with neurological manifes-
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tations of TB PR-IRIS.  Most patients in the 
study were with new lung infiltrates, pleural 
effusion, lymphadenopathy, and cold abscess. 
Majority of patients with CNS manifestations of 
TB PR-IRIS end up receiving corticosteroids 
due to life-threatening nature of the illness. 
However, the duration of treatment remains 
individualized.

Timing of initiation of HART in patients 
with CNS TB who are receiving anti-TB ther-
apy may be a determining factor for develop-
ment of PR-IRIS.  For initiating HART in 
patients with TB, CD4 counts may be used as a 
marker. The British HIV Association (BHIVA) 
recommends that if CD4 consistently remains 
>350 cells/μl, initiating HART is at physician’s 
discretion; CD4 100–350 cells/μl, HART to be 
started as soon as practical but can wait until 
after completion of 2 months of TB treatment; 
CD4  <  100 cells/μl, HART to be started as 
soon as practical [68].

34.3.7	 �Prognosis

The outcome of neurological TB-related 
paradoxical-IRIS remains poor. In a reported 
series, 13% of patients died, with all-cause mor-
tality of 25%, and 27% among survivors had 
severe disability. In comparison, CNS TB patients 
without paradoxical-IRIS had no death and 18% 
had severe disability.

�Conclusion

Paradoxical worsening of CNS TB is more 
common than previously thought and may 
occur in nearly half of all patients upon ini-
tiation of anti-TB therapy. In HIV-positive 
individuals, worsening of CNS TB may occur 
after initiation of HART and is referred to as 
paradoxical-IRIS.  CNS TB shows PR-IRIS 
more frequently than other organ systems in 
patients suffering from HIV. PR may present 
with worsening clinical features, radiological 
characteristics, or CSF picture. Continuation 
of anti-TB therapy and steroids may improve 
PR in majority of patients. Prognosis 
among paradoxical-IRIS remains poor with 

higher mortality and disability as compared 
to those patients with TBM but without 
paradoxical-IRIS.
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35.1	 �Introduction

Tuberculosis (TB) has become more prevalent since 
the emergence of the pandemic human immunode-
ficiency virus (HIV) infection. The complex rela-
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tionship of TB in HIV described for nearly three 
decades is a major threat in the effort of the interna-
tional community to attain the United Nations 
Millennium Development Goals on Health in the 
fight against the pandemic of HIV/acquired immu-
nodeficiency syndrome (AIDS) [1]. In 2007 there 
were 2.7 million new infections and 2 million deaths 
from HIV infection, and at the end of 2008, an esti-
mated 33.2 million people were reported to be 
infected with HIV; in the course of the same year, 
there were 1.37 million (15%) of TB cases associ-
ated with HIV infection, responsible for 456,000 
deaths. In some African countries, the incidence of 
TB in patients living with HIV is around 80% [2].

In developed countries, including the United 
States, despite the fact that the incidence of TB has 
diminished significantly since 1993, the incidence 
of new cases of extrapulmonary locations of TB has 
increased exponentially [3]. The increase in these 
cases is correspondingly associated with those of 
HIV, as there is an increased sensitivity to reactiva-
tion and dissemination of TB in these patients [4].

Currently, there is a renewed interest on the extra-
pulmonary manifestations of TB due to their high 
frequency in HIV infection [5]. TB localization in 
the central nervous system (CNS) is quite common 
and is one of the expressions of severe TB. In devel-
oping countries, TB lesions represent 10–30% of 
intracranial expansive process [6]. CNS TB is char-
acterized by a semiotic polymorphism, clinical, bio-
logical and morphological diagnostic criteria, which 
are well codified and also by the complexity and 
variability of its support currently the subject of 
great controversy [7]. In this work, we will address 
cases of immunodeficiency induced by HIV infec-
tion and also in patients submitted to transplants of 
solid organs, as these two situations increase suscep-
tibility to the acquisition or reactivation of TB and 
complicate the management of the immunosuppres-
sion-induced CNS TB [8].

35.2	 �Central Nervous System 
Manifestatıons of TB 
Associated with HIV

The manifestations of CNS TB in patients 
infected with HIV are identical to those of unin-
fected patients. Tuberculous meningitis (TBM) 

in patients infected with HIV representing 5–15% 
of cases of extrapulmonary locations of TB is one 
of the most devastating events in terms of mortal-
ity and morbidity [9]; it occurs in people of all 
ages. It is more common in children, especially 
those under the age of 1 year [10, 11]. Forty to 
sixty percent of adults with extrapulmonary loca-
tions of TB have a TBM. In a study of 2025 cases, 
10% of HIV-positive patients had a TBM in com-
parison to only 2% of patients without HIV infec-
tion [12]. The risk of TBM is greater in patients 
infected with HIV, with a CD4 count of lower 
than 100 cells/μl [13, 14]. It is the most severe 
presentation in terms of mortality and morbidity 
[15]. Mortality is often associated with a delay in 
diagnosis and treatment [16].

The absence of specific symptoms and signs 
in patients with TBM makes the early diagnosis 
hard. TBM is characterized by clinical polymor-
phism, but the most common symptoms are 
headache (86%), vomiting (64%) and impaired 
consciousness (59%) [17]. Irritation meningitis 
was detected in 37% of cases [17]. The involve-
ment of basal cisterns is frequently encountered 
often characterized by an oculomotor palsy also 
by facial paralysis. This involvement of the cra-
nial nerves is in connection with the compression 
of nerve trunks by thick basal exudates or intra-
cranial hypertension, and it occurs in about 25% 
of cases [18]. Formidable visual complications 
are also described which may result in a decrease 
in visual acuity or even blindness but sometimes 
a sudden onset of ophthalmoplegia. These visual 
events are the consequence of the presence of 
exudates in the optic chiasm, but also arteritis or 
a compression in the visual pathways by hydro-
cephalus or a tuberculoma. In older people the 
TBM can manifest as subacute dementia syn-
drome with memory impairment and frontal syn-
drome type of behaviour [18].

TBM is sometimes manifested by an insidious 
onset, and a high diagnostic suspicion should be 
raised in children with disorders of conscious-
ness, especially in endemic areas. The children 
are more probably to have nausea, vomiting and 
seizures; headaches are less frequent [19].

The notion of TB contagion commonly found 
in children (50–90%) is a critical criterion in 
establishing the diagnosis of paucisymptomatic 
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form. The clinical manifestations in children are 
very varied; growth retardation, weight loss, irri-
tability, lack of sleep problems, appetite, vomit-
ing and abdominal pain are frequently seen in 
young children [20].

Hydrocephalus is frequently found, following 
cerebrospinal fluid (CSF) resorption defect due 
to the existence of high levels of protein. 
Vasospasms, thrombosis and TBM-induced 
haemorrhagic infarction are responsible for vas-
culopathies with intracranial stroke [20].

Although the clinical manifestations of the TBM 
is independent of HIV status of the patients, it has 
been reported of a frequency higher of conscious-
ness disorders among HIV subjects as well as the 
existence of lymph node involvement [21, 22]. Only 
15% of HIV patients are suffering from TBM triad 
of fever, headache and meningeal rigidity [13].

The neurological clinical picture of patients 
with TBM was summarized pursuant to the British 
Medical Research Council (BMRC) [7] which is 
classified into grades of the TBM as follows:

•	 Grade 1: patient with nonspecific symptoms 
and signs, without loss of consciousness or 
neurological deficits

•	 Grade 2: patient with lethargy or behavioural 
disorders, meningeal syndrome or minor 
neurological deficits such as cranial nerve 
palsies

•	 Grade 3: patient with stupor or coma, abnor-
mal movements, convulsions or severe neuro-
logical disorders such as paresis

Specific laboratory diagnosis of TBM is estab-
lished on the analysis of CSF. Biological criteria 
identifying CSF abnormalities induced by TBM 
have been well described [18].

The conventional perturbances of CSF in 
TBM are:

•	 A high-pressure CSF at lumbar puncture
•	 A high leukocyte count rates between 10 and 

500 cells/mm3 lymphocytic
•	 CSF protein of 100–500 mg/dl
•	 Glycorrhachia less than 40 percent of the 

glucose
•	 A positive culture of 3–6 weeks, reported in 

75% of patients

However, all in all, the gold standard for labo-
ratory diagnosis remains the identification of 
Mycobacterium tuberculosis in the CSF [11]. 
The best method available for the isolation of 
acid-fast bacilli (AFB) in CSF remains the poly-
merase chain reaction (PCR), although its sensi-
tivity is controversial. The success of the 
microscopic study of CSF and culture of M. 
tuberculosis depends on the volume of CSF 
obtained during lumbar puncture. Thus, a lum-
bar puncture should necessarily be repeated in 
case of a doubt in the diagnosis. The diagnosis is 
confirmed after the identification of TB bacilli, 
and this is sometimes done after analysis of sev-
eral samples; however, in 30–50% of cases, these 
bacilli are not found, and this is what necessi-
tates the interest in PCR in the diagnosis, 
although no study has currently evaluated its 
effectiveness. Many authors claim to have found 
AFB in less than 20 cases of TBM [23]. A pro-
spective study of the laboratory diagnosis of 107 
adult patients out of 132 (81%) with clinical 
signs through computed tomography (CT) 
reported that AFB were observed in 77 cases out 
of 132 and grown in 94 cases out of 132 [24]. 
Thus, the CSF must necessarily be grown in all 
suspicious forms of meningitis. The value of cul-
ture is confirmed in the differential diagnosis of 
fungal meningitis and TBM, in which the ink 
and acid preparations are negative in 50% of 
cases, even more. However, the culture, although 
sensitive, is positive in about 40% of cases, and 
the time for the achievement of results is approx-
imately 6 weeks [25]. The CSF of most patients 
with TBM contains only 100 to 102 bacilli/ml, 
while it takes approximately 104 bacilli/ml to 
obtain reliable results for the Ziehl-Neelsen and 
auramine; therefore in order to increase the suc-
cess of the exam, the smear of CSF should have 
a volume of 6 ml and be analysed within 30 min 
of collection [24]. The nucleic acid amplification 
tests such as PCR assays were assessed for their 
efficacy in detecting the presence of bacterial 
DNA (deoxyribonucleic acid) in the 
CSF. Analysis of CSF by PCR constitutes a sig-
nificant improvement in the diagnosis of 
TBM.  CSF analyses of the PCR studies have 
reported a specificity of 90–100% and a sensitiv-
ity varying from 75% to 100% [26].
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Several modifications of the technique PCR 
have been proposed to make better the sensitivity 
and specificity of the test. One of the more recent 
developments is the use of real-time PCR ampli-
fication for the detection of the product, by using 
fluorescence probes and the fluorescence reso-
nance energy transfer (FRET). One of the advan-
tages of this test is that it is the fastest and 
promising system; however, to date most studies 
have used amplification of mycobacteriophage, 
which detects the viable organisms in the sam-
ples. The technique is simple and does not require 
for expensive equipment and results are acquired 
within 24–48 h [27, 28]. Enzyme-linked immu-
nospot assay (ELISPOT) is a recent test; it is for 
the rapid detection of specific T-cell M. tubercu-
losis [29]. The presence of AFB in smears of CSF 
or cultures and a positive PCR for mycobacteria 
or assay immunoglobulin M in the CSF were 
considered definitive proof of TBM. TBM “final” 
is defined as the isolation of one or more M. 
tuberculosis in CSF cultures and/or PCR 
positive.

The CT scan and magnetic resonance imaging 
(MRI) revolutionized the diagnosis and manage-
ment of the TBM. However, these tests may be 
normal at the beginning of the disease. They 
highlight intracranial abnormalities most often 
associated with the complications of the 
TBM. Patients suffering from TBM brain com-
plications such as hydrocephalus, focal or diffuse 
cerebral oedema, cerebral infarction and 
abscesses and intracranial tuberculoma have an 
indication for neurosurgery; however, complica-
tions of TBM in the brain as seen by neuroimag-
ing, such as hydrocephalus, are significantly 
smaller in patients living with HIV [30].

The tuberculoma is a TB granulomatous tis-
sue mass that has been contained and limited by 
the immune defences of the host. Tuberculomas 
of the CNS are inflammatory intracranial expan-
sive processes, pseudotumour, usually unique but 
sometimes multiple and sometimes asymptom-
atic. The cerebral tuberculoma is a rare disease 
observed in 1% of all cases of TB [30] and repre-
sents 10–30% of intracranial expansive processes 
in TB endemic areas [31]. As for Madagascar, the 
central pathology service has met only two cases 

in 7 years [32]. The cerebral tuberculoma is a 
childhood of pathology. Adults 18–60  years of 
age are also affected, without gender predomi-
nance. Many studies point to the existence of a 
correlation between the appearance of a tubercu-
loma and HIV infection and also the presence of 
tuberculoma in 16–40% of patients with TBM 
[33].

Symptoms of tuberculoma are usually part of 
a very evocative context, because there is often a 
history of TB and clinical and radiological signs 
of extracerebral TB. But it is common in coun-
tries with high endemicity to observe tubercu-
loma as the first clinical expression of TB. Clinical 
expression is extremely varied and is not specific. 
It depends on the location of tuberculoma, its 
size, its mass effect relative to surrounding struc-
tures and the associated cerebral oedema. The 
onset is usually slow and gradual. Clinical data, 
although not specific, often include signs of intra-
cranial hypertension, cerebellar syndrome, neu-
rological signs, seizures, meningeal irritation, 
visual disturbances, cranial nerve involvement, 
consciousness disorders and rarely aphasia. Fever 
is observed in only 10–15% of cases [34]. 
However, cases of asymptomatic cerebral tuber-
culoma have also been reported [30].

The clinical manifestation of tuberculoma 
may vary in individuals infected with HIV.  A 
small study conducted in Spain included four 
patients infected with HIV and having a cerebral 
tuberculoma, which stressed and isolated the 
constant presence of fever and headache, without 
signs of neurological focus [35].

Laboratory tests have no role in the positive 
diagnosis. The finding of AFB by direct exami-
nation or by removal of the tumour cultivation is 
positive for TBM in 30% of cases [30].

Caseating tuberculoma is the most classic 
form. It appears on CT scan with isodensity, dis-
creetly hypodense compared to the brain paren-
chyma. After injection with a contrast, the 
enhancement is done either globally or in a ring, 
very evocative; the presence of calcification, sur-
rounded by a hypodense central area with a 
peripheral ring, called “target sign” or the sign of 
the target, is pathognomonic of tuberculoma. The 
location varies, but in over half the cases, tuber-
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culomas are located in the left cerebral 
hemisphere.

TB abscess is an uncommon clinical form of 
CNS TB, even in countries with endemic TB 
[36]. It represents only 4–8% of patients with 
CNS TB that are not affected by HIV and has 
been reported in only 20% of HIV patients [37]. 
This high frequency of TB abscess in HIV 
patients is probably related to the suppression of 
cell-mediated immunity induced by HIV, which 
causes the inhibition of the immune response 
against intracerebral TB bacilli, increasing the 
probability of occurrence of TB abscess, based 
on the granuloma [38].

The clinical presentation of TB abscess is 
multiple, depending on its headquarters, its 
volume and its mass effect in relation to nearby 
structures. TB abscess has a greater diameter 
than the tuberculomas, usually greater than 
3  cm, and its clinical manifestations are usu-
ally sharper than those of tuberculoma. It gen-
erally includes, on the symptomatic level, 
fever, headache and focal neurological deficits. 
Before the AIDS era, Withener in 1978 men-
tioned that patients with TB abscess usually 
had acute clinical picture with focal neurologi-
cal deficit (71%), headache (47%), fever 
(46%), seizures (35%) or disorders of con-
sciousness (24%) [39].

A study in 12 patients infected with HIV with 
TB abscess stressed that the seizures, headache, 
altered consciousness and hemiparaplegia were 
the first symptoms most consistently frequent 
except in one patient who had a solitary lesion 
[40]. In a Mexican study in 2010, the clinical 
manifestations of TB abscess appeared altogether 
similar in immunocompetent patients and HIV 
patients [41].

The radiological presentation of TB abscess is 
the same in HIV and non-HIV patients. This is 
most often a uni- or multinodular lesion with a 
uniform capsule [42]. But it is sometimes diffi-
cult to distinguish one from another injuries 
especially other pyogenic abscesses. At CT, the 
hypodense image, circled by a fine contrast 
uptake, is difficult to differentiate from pyogenic 
abscess or some primary or metastatic tumours or 
a resolution lane hematoma. At the MRI, there is 

low signal intensity on T1 and a hyper-signal 
T2 in the central area with contrast enhancement 
in a ring as pyogenic abscesses. Parenchyma sur-
rounding oedema usually shows less marked than 
in pyogenic abscess. Only spectroscopy proton 
MRI allows differentiating between TB abscess 
and pyogenic abscesses [43].

TB is a rare cause of TB radiculomyelitis or 
arachnoiditis. Spinal TB can be de novo or sec-
ondary to bacillary intracranial infection (TBM) 
or vertebral TB (Pott’s disease) [44]. The exten-
sion of a TBM intracranial to the meninges of the 
spinal cord is the pathogenic mechanism most 
frequently found.

The precise incidence and prevalence of TB 
radiculomyelitis in most parts of the world are 
not well identified; however in countries with 
high TB endemic, these should be proportionally 
high.

In approximately 10% of patients suffering 
from extrapulmonary TB in bones, the spine is 
the most frequent site, representing nearly 50% 
of cases of bone TB. In France, in a hospital-
based study, the overall incidence of vertebral 
osteomyelitis was estimated at 2.4/100,000 [45]. 
From 2002 to 2003, 1422 of 1425 patients were 
divided as having a definite vertebral osteomyeli-
tis (64%), probable (24%) and feasible (12%). 
The M. tuberculosis (31%) was the main infec-
tious agent after offending Staphylococcus spp. 
(38%) [45].

In endemic countries, spinal TB is more com-
mon in children and young adults [45]. There is 
no data that shows an increase in the incidence of 
multidrug-resistant TB in HIV patients; however, 
the incidence of TB radiculomyelitis would prob-
ably be proportional to the cases of HIV-associated 
TBM with a view that it is the primary aetiology 
of TB radiculomyelitis [46].

Clinical manifestations of TB radiculomyeli-
tis have been well described since 1969 [47]. 
This is a clinical picture characterized by sub-
acute onset of paraparesis, gradually settling for 
1–2  months. Symptoms include neuralgia, par-
aesthesia, sphincter disturbances and muscle 
atrophy. A subsequent paralysis eventually 
installs, usually after a few days. It is not unusual 
to find lack of tendon reflexes with flaccidity of 
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the lower limbs and the existence of plantar reflex 
with Babinski sign [48]. Secondary TB radiculo-
myelitis may occur in the acute phase of a TBM 
diagnosed and even treated after very variable 
periods. It was reported in one study, with two 
cases, that TB radiculomyelitis developed 
7–9 years after a TBM [49]. In another study, it 
was mentioned that two patients had paralysis 14 
and 17  years, respectively, after TBM [44]. In 
immunocompetent patients, the thoracic spinal 
cord is the most frequently involved [44, 50]. It 
has been shown that HIV infection does not seem 
to modify the clinical presentations of TB radicu-
lomyelitis [12].

CT and MRI are important diagnostic exami-
nations of the TB radiculomyelitis. However, 
MRI using sagittal and axial T1-weighted views 
before and after injection of the contrast agent 
remains by far the gold standard in the detection 
of patients with suspected TB radiculomyelitis, 
whatever the stage of the disease [46]. 
T2-weighted images show an inhomogeneous 
obliteration of the subarachnoid space and loss of 
the contours of the marrow in the cervical, tho-
racic and lumbar segments, with a tangled 
appearance of roots. On T1-weighted images 
after gadolinium injection, images appear nodu-
lar, with thickening of the meningeal space and 
contrast occupying the entire subarachnoid space, 
sheathing the roots that have an irregular contour 
and appear thickened and tangled. Taking spinal 
contrast is a strong presumption element to move 
towards a neuro-meningeal infection. MRI is also 
essential for early monitoring of treatment is 
worsening can be observed in rare situations, a 
decompression laminectomy is required. It is also 
essential in monitoring the evolution and in the 
detection of a possible syringomyelia that can 
remotely install.

The availability of antiretroviral therapy 
(ART) adds the risk of immune reconstitution 
inflammatory syndrome (IRIS) and TB, which 
complicates the diagnosis and therapeutic man-
agement of CNS TB [51]. Two forms of IRIS-
related TB have been described:

•	 Paradoxical IRIS and TB occurs in patients 
diagnosed with active TB before the start of 

ART and have typically been responding to 
the TB treatment. Following initiation of ART, 
IRIS presents as subsequent worsening of 
symptoms or onset of new symptoms.

•	 Unmasking IRIS and TB occurs in patients 
who are not diagnosed with TB but have an 
unusual inflammatory reaction in the first 
3 months after initiation of ART.

Paradoxical IRIS and TB events occur in both 
non-HIV-infected patients and patients infected 
with HIV who are not on ART [51]. The clinical 
expression of IRIS and TB is reflected in the 
appearance of a recurrent fever, exacerbation of 
pulmonary symptoms (worsening of pulmonary 
infiltrates and pleural effusions intensification), 
installing signs of meningeal irritation and the 
emergence of new tuberculoma or enlargement 
of those already existing.

IRIS and TB is specially severe in patients 
with tuberculoma, who will present new lesions 
or expansion of existing ones responsible for a 
mass effect with exacerbation of peri-lesional 
oedema and seizures occurring with clinical dete-
rioration [52]. It was also observed that there is 
appearance of new anatomical sites of TB. In a 
study of 258 patients with pulmonary TB, para-
doxical IRIS and TB was described in 53 (20.5%) 
cases just after initiation of ART and in 8 (3.1%) 
cases later during treatment; and 6 (10%) cases of 
deaths by IRIS were highlighted [52]. In the larg-
est number of IRIS and TB affecting the CNS, 
the delay of onset had a median of 14 days after 
the start of ART [53].

The pathogenesis of IRIS and TB is variable 
and is attributed to a combination of factors: the 
release of new target antigens for destruction 
mycobacteria, hypersensitivity to these antigens 
and exaggerated immune restoration (after 
induced immunosuppression by TB) which occur 
during anti-bacillary treatment. The development 
of paradoxical reactions among non-HIV-infected 
patients is correlated with a greater increase in 
the number of total lymphocytes at the initiation 
of TB treatment. These paradoxical reactions 
have also been frequently highlighted in the 
period following the start of ART among both 
non-HIV-infected patients (36%) and those 
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infected (2%) and those not under ART (7%) in a 
1998 study [54].

Risk factors favouring the occurrence of para-
doxical IRIS have been described [54]. These are 
multi-organ TB, low CD4 counts before ART and 
the shorter interval between initialization of TB 
treatment and ART. However, it is possible that 
other factors yet unknown may also have a share 
in the occurrence of IRIS and TB, such as other 
opportunistic infections and malignancies and 
the failure of TB treatment (due to non-adherence, 
drug resistance against TB or malabsorption of 
drugs against TB).

Unmasking IRIS has been less described in 
literature as compared to paradoxical IRIS, with 
few cases reported. A subset of these cases of 
IRIS presenting with increased intensity of clini-
cal manifestations, particularly where there is 
evidence of a marked inflammatory component, 
in the first 3 months of the introduction of ART 
are designated as unmasking IRIS [54].

The diagnosis of CNS TB requires a location 
other than the CNS, which is easier to install.

Thus, nonspecific diagnostic investigations in 
the CNS, such as radiography of the chest, the 
tuberculin test and analysis of sputum, have a 
considerable interest in the diagnostic guidance 
of CNS TB. Studies have reported that the thorax 
radiography abnormalities are present in 41–60% 
of patients with TBM, 17–45% have a positive 
tuberculin test, and 50% positive sputum analysis 
[55]. High levels of serum interferon-gamma are 
highly specific for the diagnosis of TB, and its 
positivity is not compromised by previous BCG 
(bacillus Calmette-Guerin) vaccination [56]. 
Patients with HIV and TB having a latent phase 
have varying results in the test of serum 
interferon-gamma (Quantiferon), and a lower 
sensitivity is correlated with the degree of immu-
nosuppression [57]. Culture of CSF remains the 
reference standard for the diagnosis of CNS 
TB. The advent of PCR should not be excluded in 
the diagnosis of CNS TB in the event of other 
tests’ negativity. The results of studies suggest 
that the small test of interferon- gamma in the 
CSF is both highly sensitive and specific for the 
TBM [58]. A biological profile of CNS TB was 
described in a US study of 2011 [8] which 

includes CSF pleocytosis absent in 11–18%; 
there is no difference of rate between the leuko-
cytes between patients with and without HIV, as 
reported by numerous studies. However, other 
studies describe a smaller number of leukocytes 
in HIV patients. In patients with CD4 counts 
below 50 cells/μL, pleocytosis is less common 
(77% versus 85.2%), and the mean number of 
cells present in the CSF is reduced (89 versus 246 
cells/μL). No significant difference of protein or 
glucose levels was noted between HIV and non-
HIV patients; however, some studies report lower 
protein levels in HIV patients. The classic triad of 
high protein, low glucose levels and pleocytosis 
was noted in 64% of cases. The colouring of the 
AFB had similar sensitivity for infected patients 
and non-HIV-infected patients, but mortality was 
higher among those who had a strongly smear-
positive sample. The culture of AFB had not 
shown significant differences in sensitivity in 
HIV and non-HIV patients. M. tuberculosis was 
isolated in the vast majority of cases. These 
results are identical to the PCR.

35.3	 �Treatment of CNS 
Tuberculosis 
in Immunosuppression

First-line drug products for treatment recom-
mended for all forms of TB are isoniazid (INH), 
rifampicin (RIF), pyrazinamide and ethambutol 
taken daily either individually or in combination. 
Since 1980, the period of 6–8  months of treat-
ment, using a combination of four drugs in the 
initial phase followed by a combination of two 
drugs in the continuation phase, has been widely 
admitted. In 2004, the results of a multicentre 
randomized clinical trial demonstrated superior 
efficacy for the treatment of 6-month compared 
to 8-month therapy [59].

Pulmonary TB patients with associated HIV 
infection who are not on ART should always ben-
efit from early initiation of ART to lower mortal-
ity, particularly in patients with CD4 cell rate of 
less than 50 cells/mm3, in spite of the increased 
incidence of IRIS [60]. The World Health 
Organization advises initiation of ART after 
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initiation of TB treatment, regardless of CD4 cell 
count [61]; however, the ART schedule in patients 
with a TBM has not been addressed in studies 
and may differ [7]. A study of the TBM in people 
infected with HIV in Vietnam compared patients 
who receive ART immediately on one hand and 
those having received 2 months later. And no 
major difference in mortality was stressed; how-
ever, patients who initiated ART forthwith had a 
higher rate of serious adverse events (grade 3 or 
4). Due to the rapidity of death, the authors were 
incapable to determine whether these severe 
reactions were caused by IRIS or not [62]. Two 
large clinical trials of pulmonary TB in people 
infected with HIV and in patients with a rate less 
than 50 CD4 cells/mm3 reported that initiating 
ART within 4  weeks after beginning TB treat-
ment reduces mortality by 68% and 58%, respec-
tively. In both studies, early initiation of 
antiretroviral therapy in people whose CD4 cell 
rate was below 50 cells/mm3 was correlated with 
higher rates of IRIS (2.2 times and 2.5 times, 
respectively) [62]. In some regions of the world, 
individuals infected with HIV have higher rates 
of multidrug resistance of CNS TB, compared to 
HIV-negative patients, with rates ranging up to 
7–12.5% [13, 63]. Patients with CNS TB and 
HIV have a higher mortality rate, and it is notably 
laborious to do the load due to the low penetra-
tion of the CNS by many second-line TB drugs 
[9]. For patients with multidrug resistance of TB, 
early initiation of ART and prolonged treatment 
improve the prognosis [64]. Many works have 
precisely suggested the participation of cortico-
steroids in improving morbidity and mortality 
among patients with IRIS [65]. In a study of 23 
patients with CNS TB and IRIS, 21 (91%) 
received corticosteroids for an average of 58 days 
(range 1–49 weeks), and 16 (70%) were alive at 
6 months [66]. Corticosteroids are recommended 
for the treatment of CNS TB, the same dosage 
should be used to prevent IRIS, but the long dura-
tion and slow and gradual dose reduction is rec-
ommended to avoid clinical deterioration [66].

The treatment of CNS TB in transplant 
patients is particularly difficult because many TB 
drugs interact with immunosuppressive agents. 
RIF, particularly, may accelerate the metabolism 

of cyclosporine, tacrolimus and corticosteroids 
and may lead to allograft rejection and higher 
mortality [67]. Co-administration of RIF and 
cyclosporine is generally avoided, although they 
can be used together if doses of both drugs are 
increased. Rifabutin can be used as an alternative 
to RIF, because it has less induction of cyto-
chrome P450 and theoretically less effect on the 
levels of some immunosuppressive [67]. RIF and 
INH, optionally, can increase the catabolism of 
corticosteroids and therefore affect the level of 
immunosuppression [68]. Hepatotoxicity is an 
important concern in transplant patients receiv-
ing TB treatment, especially after a liver trans-
plant. In one series, hepatotoxicity occurred in 
83% of liver transplant after standard induction 
therapy of TB [68]. Multidrug resistance of TB is 
uncommon in transplant patients (reported inci-
dence, 2%), but will likely increase as transplan-
tation programmes develop in developing 
countries [69].

�Conclusion

Immunosuppression increases patients’ suscep-
tibility for acquiring or reactivating TB and it 
complicates management. In developing world, 
HIV is the commonest cause of immunosup-
pression. It becomes very devastating when 
there is co-infection with TB with very high 
rates of morbidity and mortality worldwide. 
Clinical manifestations of CNS TB infection 
include meningitis, tuberculoma, abscess or 
other forms of disease. CNS TB has high mor-
bidity and mortality and is difficult to diagnose 
and treat. HIV complicates the clinical presen-
tation, diagnosis and treatment, and it is so dif-
ficult to clinically differentiate CNS TB from 
other potentially opportunistic infections that 
come with HIV. Generally HIV infection does 
not characteristically alter the radiographic or 
neurologic presentation of CNS TB; however, 
CSF pleocytosis is frequently absent, and 
patients with CD4 counts <50 cells/μL tend to 
have abnormal CSF findings less frequently. 
When a high suspicion for CNS TB is present, 
further CSF and ancillary testing should be per-
formed and empirical treatment considered, 
especially if the patient is from an area with 
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endemic TB or has evidence of TB outside of 
the CNS. ART and IRIS can affect the manifes-
tations and outcome of CNS TB infection. 
Awareness of common drug interactions is of 
primordial importance for the successful treat-
ment of patients with CNS TB.  Patients also 
can benefit from the use of steroids for TBM 
and IRIS. With increased attention to TB diag-
nosis and treatment from international funding 
agencies, there is hope that the diagnosis and 
treatment of CNS TB will become easier and 
more effective in the near future.
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36.1	 �Introduction

Tuberculosis (TB) is one of the most common 
endemic infections encountered in developing 
countries and, with the advent of immunosup-
pression and population migration, is being 
increasingly reported from developed countries 
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[1]. Approximately 4/5 of the cases occur in 
areas, which are overcrowded and poverty 
stricken, with chronic malnutrition, while the rest 
is usually associated with HIV mainly in sub-
Saharan Africa. Children remain at a dispropor-
tionately high risk of central nervous system 
(CNS) TB. In the year 2010 alone, there were a 
total of 8,800,000 (range, 8,500,000–9,200,000) 
cases and 1,100,000 (range, 900,000–1,200,000) 
deaths from TB. TB of CNS is one of the most 
devastating forms of the disease with the greatest 
morbidity and mortality, although only about 5% 
of TB infections affect the CNS [2, 3]. 
Hydrocephalus seen in 62–87% of patients is the 
most common complication of tuberculous men-
ingitis (TBM) [4]. The tubercle bacilli are aero-
bic and nonmotile with a slow doubling time. It 
generally spreads via an airborne mechanism. 
For CNS-TB to occur, there is a hematogenous 
spread to various regions of the body including 
the meninges. From this “rich focus” on the 
meninges, the bacilli enter the subarachnoid 
space causing TBM. Another important feature 
of Mycobacterium tuberculosis is its ability to 
enter and replicate in the macrophages. Thus the 
microglial cells of the CNS are the main target 
cells. Anti-TB drugs including rifampicin (RIF) 
and isoniazid (INH) have been the mainstay of 
treatment, but in the last few years, there has been 
an increasing prevalence of new drug-resistant 
strains [multidrug resistant-tuberculosis (MDR-TB 
resistant to at least INH and RIF) or extremely 
drug resistant-tuberculosis (XDR-TB resistant to 
INH and RIF along with resistance to a fluoroqui-
nolone and injectable second-line drugs)] [5]. 
Globally, MDR-TB accounts for 3.4% of new 
cases and 20% of re-treatment cases. In India, 

MDR-TB accounts for 2.1% of new cases and 
15% of re-treatment cases [6]. XDR-TB has been 
reported in 69 countries worldwide and data indi-
cates that 25,000 new cases of XDR-TB are being 
reported every year. This apart from increasing 
the mortality and morbidity of TB has also expo-
nentially increased the cost of treatment, espe-
cially in countries that can least afford them. In 
this chapter we shall discuss the diagnosis and 
management of MDR-TB.

36.2	 �Clinical Features: Main Form 
of CNS-TB

36.2.1	 Introduction

36.2.1.1	 �Tuberculous Meningitis
In TBM, a gelatinous thick exudate forms in the 
subarachnoid space with a propensity to the 
basal cisterns [1, 7, 8]. The grading of severity of 
TBM is detailed in Table 36.1: (1) hydrocepha-
lus, due to disturbances in cerebrospinal fluid 
(CSF) flow; (2) infarctions, due to vasculitis of 
the vessels of the circle of Willis, vertebrobasilar 
system, middle cerebral artery, and various per-
forators; and (3) local inflammation and damage 
of adjacent brain tissue.

36.2.1.2	 �Tuberculoma
These arise from tubercles in the brain paren-
chyma and may be associated along with TBM 
[1, 9]. They can either be solitary or multiple. A 
rare manifestation is the tuberculous brain 
abscess (TBA), which consists of an encapsu-
lated pus collection consisting of viable TB 
bacilli [9].

Stage/grade Classic criterion Contemporary criterion

I Fully conscious and no focal 
deficits

Alert and oriented without focal 
neurological deficits

II Conscious but with inattention, 
confusion, lethargy, and focal 
neurological signs

Glasgow Coma Scale score of 
14–11 or 15 with focal 
neurological deficits

III Stuporous or comatose, 
multiple cranial nerve palsies, 
or complete hemiparesis or 
paralysis

Glasgow Coma Scale score of 
ten or less, with or without 
focal neurological deficits

Table 36.1  Grading: British 
Medical Research Council 
clinical criteria for the severity 
of TBM
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36.2.2	 �Clinical Features

Adult patients usually present with classical fea-
tures of meningitis including fever, headache, and 
meningism. Other clinical features include focal 
neurological deficits, behavioral changes, and 
altered sensorium. It may be associated with a his-
tory of TB in approx. 10% of the patients. 
Coexistent pulmonary TB can be seen in 30–50% 
of the patients [10, 11]. Children usually have 
associated failure to thrive, weight loss irritability, 
decreased appetite, pain abdomen, emesis, and 
sleep disturbances. The progression of disease is 
much faster as are the chances of complications 
[10, 11]. On the other hand, tuberculomas and 
TBAs present with features such as seizures, focal 
deficits depending upon their location, and fea-
tures suggestive of raised intracranial pressure.

36.3	 �Investigations and Diagnosis

36.3.1	 �Diagnosis

	1.	 CSF analysis: This is the most prevalent test 
performed to diagnose CNS-TB. The typical 
CSF picture consists of lymphocytic pleocyto-
sis (10–100 × 103/ml), elevated protein levels 
(0.5–3  g/l) along with low glucose levels 
(<50%) [12, 13]. Though sensitivity is high, it 
is nonspecific.

	2.	 Microbiology: Identification of tubercle bacilli 
by microscopy and culture remains the most 
specific of tests to diagnose CNS-TB. However 
due to paucity of tubercle bacilli in CSF, its 
sensitivity remains quite low [13, 14]. Thwaites 
et al. in their study demonstrated that CSF vol-
ume (minimum 6 ml) and a longer duration of 
the microscopic evaluation (minimum 30 min) 
are independently associated with bacterio-
logical confirmation of CNS-TB [11].

	3.	 Molecular analysis: Since the traditional meth-
ods have significant drawback, more accurate 
and rapid diagnostics methods are necessary.
	(a)	 Antibody detection: The problem with the 

conventional anti-M. tuberculosis-specific 
antibody assay has been its low specificity 
[15–17]. This has been largely overcome 
through the use of measuring antibodies 
against a specific antigen (a 30 kDa pro-

tein) of M. tuberculosis (sensitivity of 
92%) along with immunospot assays to 
detect anti-M. bovis BCG antibody-
secreting cells (ELISPOT) [18].

	(b)	 Antigen detection: As antigens are released 
only in the presence of a host immune 
response, they are more sensitive. In a study, 
comparing dot immunobinding assay for M. 
tuberculosis-specific 14 kDa protein antigen 
with polymerase chain reaction (PCR) to 
detect IS6110, specific for M. tuberculosis in 
the CSF, the dot assay was more sensitive 
(75% vs. 40.5%) [19–21].

	(c)	 Molecular detection: While both antibody 
and antigen assays are cheaper and thus can 
be used more widely especially in low-
income countries, they still not have 
reached a very high sensitivity and specific-
ity levels. There are two commercially 
available nucleic acid amplification assays 
the Amplified M. tuberculosis Direct Test 
(MTD; Gene- Probe, Inc., San Diego, CA) 
and the Amplicor M. tuberculosis Test 
(Roche Diagnostic Systems, Inc., 
Indianapolis, IN). However, tests have 
shown that their sensitivity is only 56% and 
a specificity of 98% [22–24]. PCR-based 
assays have received a lot of attention and, 
in a study by Rafi et al. using IS6110 uni-
plex PCR assay, showed a sensitivity of 
98% and specificity of 100% when com-
pared to the culture method [25]. But in 
clinical TBM, the sensitivity was only 
76.4% and specificity was 89.2%. However, 
it should be remembered that these tests are 
expensive and require expensive infrastruc-
ture that may not be readily available.

36.3.2	 �Detection of Resistance

While conventional drug susceptibility testing 
(DST) of cultured mycobacteria takes anywhere 
between 1 and 3  months, molecular tests can 
detect them very fast (within 2  days). They can 
provide a diagnosis of resistance to INH and RIF 
or RIF alone. The WHO in their guidelines of 
2011 recommends only two molecular tests, i.e., 
line probe assay and Xpert M. tuberculosis/RIF, 
for diagnosis of resistance [5].
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Line probe assay: Rather than relying on visualizing 
bacteria under a microscope, it indirectly detects 
the presence of M. tuberculosis by amplifying 
DNA present in the sputum by PCR [26]. It can 
be used both in the primary diagnosis of TB and 
also detecting RIF resistance. Drawbacks 
include it being prone to cross-contamination 
leading to false positives and its cost.

Xpert MTB/RIF: This can detect both M. tubercu-
losis and simultaneously RIF resistance [27]. 
It detects DNA sequences specific for M. 
tuberculosis and RIF resistance by PCR [28]. 
It identifies all the clinically relevant RIF 
resistance inducing mutations in the RNA 
polymerase beta (rpoB) gene in the M. tuber-
culosis genome in a real-time format using 
fluorescent probes called molecular beacons 
[27]. Pooled tests reveal a sensitivity of 88% 
and specificity of 98%. Its advantages include 
a high specificity and sensitivity along with 
the rapid results (within 2 h). However, the 
cost remains prohibitively expensive.

36.4	 �Radiology

36.4.1	 �Tuberculous Meningitis

About 50% of patients have chest X-rays sugges-
tive of pulmonary TB [29]. The most common 
computed tomography (CT) features include 
hydrocephalus and enhancing basal exudates 
which are more common in children. Infarctions 
can also be seen due to vasculitis [30, 31].

36.4.2	 �Tuberculomas

While magnetic resonance imaging and CT have 
no distinguishing features to differentiate it from 
other ring-enhancing lesions, magnetic reso-
nance spectroscopy has shown most promise: a 
large lipid CH2 peak has been used to specifi-
cally identify tuberculomas [32, 33] and also on 
the basis of choline/creatine ratio > 1 in tubercu-
loma [33, 34] (Fig. 36.1a–d).

Fig. 36.1  Magnetic resonance imaging of the brain 
showing a lesion in the right cerebellar hemisphere. It is 
well marginated and hypointense in T1-weighted images 
(a), hypointense on T2-weighted images (b). Post-contrast 

images show thin peripheral rim enhancement (c). 
Magnetic resonance spectroscopy shows a large lipid-
lactate peak at 1.3 ppm (d)

a b
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d

c

Fig. 36.1  (continued)
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36.5	 �Management

It is important to perform sensitivity testing 
before starting MDR-TB as neither MDR-TB 
nor XDR-TB responds to first-line anti-TB che-
motherapy. However, second-line anti-TB che-
motherapy is both expensive and more toxic, 
and thus it becomes more important to perform 
sensitivity testing of the strain isolated. It is 
important to remember that most of the work 
has been on pulmonary TB and hardly any data 
exists on CNS-TB [35, 36]. However, the find-
ings can be extrapolated from pulmonary 
TB.  The World Health Organization (WHO) 
guidelines of 2011 recommend the usage of four 
second-line drugs along with pyrazinamide 
(PZA) for the regimen to be effective [5, 6]. 
These include a fluoroquinolone, a parenteral 
agent, ethionamide (or prothionamide), and 
cycloserine or else para-aminosalicylic acid if 
cycloserine cannot be used [5]. Drug suscepti-
bility testing need not be performed for the sec-
ond-line anti-TB chemotherapy, as the tests are 
not completely reliable [5].

36.5.1	 �Diagnosis of Resistance 
and the Routine Use of Rapid 
Drug Susceptibility Testing

The bane of drug susceptibility testing has been 
the slow culture growth of M. tuberculosis. Over 
the past few years, molecular tests have been 
used which are both rapid and specific. The two 
tests recommended by the WHO, i.e., line probe 
assay and Xpert MTB/RIF assay, can be used. 
However it is important to remember that this 
experience is limited to pulmonary TB and its 
place in CNS-TB needs analysis [28, 37].

Use of Rapid Drug Susceptibility Testing
While conventional DST of cultured mycobac-
teria takes anywhere between 1 and 3 months, 
molecular tests can detect them very fast 
(within 2  days). These include the line probe 
assay and the Xpert MTB/RIF. They provide a 
diagnosis of resistance to INH and RIF or RIF 
alone. With the emergence and increasing inci-

dence of MDR-TB, the question arises whether 
rapid DST should be performed in all patients 
before starting anti-TB chemotherapy. The pro-
ponents of this strategy list the many benefits 
including early start of appropriate treatment 
leading to increase cure rates and decreased 
mortality [5]. However, there remain risks to 
this method that include false-positive results, 
increased drug toxicity to patients, and the 
increase in cost. The WHO guidelines have 
thus made the use of rapid DST conditional and 
recommended it be used in at least patients 
treated previously with anti-TB therapy and 
groups at higher risk of MDR-TB based on sur-
veillance data [5].

36.5.2	 �Monitoring of Response

Monitoring of response is a very important part 
of the treatment protocol. It helps the clinicians 
in identifying early failures and apply corrective 
measures. It can also prevent spread and develop-
ment of drug resistance. The WHO used data 
pooled from ten studies and recommended the 
use of sputum smear microscopy and culture 
rather than sputum smear microscopy alone for 
the monitoring of patients with MDR-TB during 
treatment [5]. Though the available evidence was 
of low quality, it is felt that adding sputum cul-
ture increases the likelihood of identifying early 
non-responders, though the cost remains a major 
factor in most countries [5, 38–40].

36.5.3	 �Composition of Second-Line 
Anti-TB Chemotherapy

A meta-analysis of three systematic reviews that 
included 32 studies with more than 9153 treat-
ment episodes was performed by the Collaborative 
Group for Meta-Analysis of Individual Patient 
Data in MDR-TB [41–44]. The results of this 
analysis provide the best available evidence for 
management of MDR-TB.  It is recommended 
that the regimen use PZA along with at least four 
drugs from the following subgroups (Tables 36.2 
and 36.3):
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Table 36.2  Classification and properties of drugs in the second anti-TB therapy regimen

Drugs Pharmacokinetics Pharmacodynamics Adverse effects Dosage

Second-line 
parenteral drugs

Kanamycin
Amikacin
(Aminoglycosides)

Absorption:
 � Highly polar cations
 � Poorly absorbed from 

GIT. Absorbed 
rapidly from 
intramuscular sites

 � Peak concentration 
after 30–90 min

Distribution:
 � Because of their 

polar nature, they do 
not penetrate into 
most of the cells

 � Distribution confined 
to extracellular fluid

Elimination: Mainly 
through the renal 
system. T ½ = 2–3 h

Exert 
mycobactericidal 
activity by binding 
to the 16S ribosomal 
subunit

Ototoxicity, 
nephrotoxicity, 
neuromuscular 
blockade, optic 
scotomas

15–30 mg/kg given IM or 
IV (maximal daily dose, 
1 g), with a reduction to 
10 mg/kg for 
patients > 60 years old. 
For patients with renal 
insufficiency, the dose 
and frequency should be 
reduced (12–15 mg/kg 
two or three times per 
week)

Capreomycin
(Cyclic peptide)

Absorption: Given 
intramuscularly
Peak blood levels of 
20–40 mcg/mL
Distribution: 50% of 
the dose excreted 
unaltered
Elimination: Mainly 
through the glomerular 
filtration

Not well understood 
but may involve 
interference with the 
mycobacterial 
ribosome and 
inhibition of protein 
synthesis

Hearing loss, 
tinnitus, transient 
proteinuria, 
cylindruria, and 
nitrogen retention. 
Severe renal 
failure is rare. 
Eosinophilia is 
common. 
Leukocytosis, 
leukopenia, 
rashes, and fever 
have also been 
observed

15 mg/kg per day is given 
five to seven times per 
week (maximal daily 
dose, 1 g)
The dosage may be 
reduced to 1 g two or 
three times per week 
2–4 months after 
mycobacterial cultures 
become negative.
For individuals >60 years 
of age, the dose should be 
reduced to 10 mg/kg per 
day (maximal daily dose, 
750 mg). For patients 
with renal insufficiency, 
the drug should be given 
intermittently and at 
lower dosage (12–15 mg/
kg two or three times per 
week)

Fluoroquinolones

(continued)
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Table 36.2  (continued)

Drugs Pharmacokinetics Pharmacodynamics Adverse effects Dosage

Levofloxacin Absorption:
Well absorbed after oral 
administration. 
Distributed widely in 
body tissues
Peak serum levels of the 
drugs obtained within 1 
to 3 h of an oral dose of 
400 mg, with peak 
levels 6.4 g/ml for 
levofloxacin
Distribution and 
elimination: The 
volume of distribution 
of quinolones is high, 
with concentrations of 
quinolones in urine; 
kidney, lung, and 
prostate tissue; stool; 
bile; and macrophages 
and neutrophils higher 
than serum levels. 
Quinolone 
concentrations in 
cerebrospinal fluid, 
bone, and prostatic fluid 
are lower than in serum

Inhibit 
mycobacterial DNA 
gyrase and 
topoisomerase IV, 
preventing cell 
replication and 
protein synthesis, 
and are bactericidal

Gastrointestinal 
(GI) side effects, 
nausea, and 
vomiting.
Rare CNS side 
effects like mild 
headache and 
dizziness.
Cardiac 
arrhythmias due to 
Qtc prolongation

500 mg daily

Gatifloxacin Oral administration Inhibit 
mycobacterial DNA 
gyrase and 
topoisomerase IV, 
preventing cell 
replication and 
protein synthesis, 
and are bactericidal

GI side effects, 
nausea, and 
vomiting
Rare CNS side 
effects like mild 
headache and 
dizziness

400 mg/day

Ofloxacin Oral administration Inhibit 
mycobacterial DNA 
gyrase and 
topoisomerase IV, 
preventing cell 
replication and 
protein synthesis, 
and are bactericidal

GI side effects, 
nausea, and 
vomiting
Rare CNS side 
effects like mild 
headache and 
dizziness

600–800 mg/day

Moxifloxacin Oral administration
Elimination: 
Hepatically cleared

Inhibit 
mycobacterial DNA 
gyrase and 
topoisomerase IV, 
preventing cell 
replication and 
protein synthesis, 
and are bactericidal

GI side effects, 
nausea, and 
vomiting
Rare CNS side 
effects like mild 
headache and 
dizziness

400 mg daily

Oral bacteriostatic second-line drugs
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Table 36.2  (continued)

Drugs Pharmacokinetics Pharmacodynamics Adverse effects Dosage

Ethionamide/
prothionamide

The oral administration 
of 1 g yields peak 
concentrations in 
plasma of about 20 g/ml 
in 3 h, 9h is 3 g/ml
T ½ = 2 hrs, drug is 
widely distributed

Ethionamide is also 
an inactive prodrug 
that is activated by a 
mycobacterial redux 
system. Ethionamide 
inhibits 
mycobacterial 
growth by inhibiting 
the activity of the 
inhA gene product, 
the enoyl-ACP 
reductase of fatty 
acid synthase II

Anorexia, nausea 
and vomiting, 
gastric irritation, 
severe postural 
hypotension, 
depression, 
drowsiness, and 
asthenia are 
common. Hepatitis 
is in 5%

The initial dosage for 
adults is 250 mg BID; it is 
increased by 125 mg per 
day every 5 days until a 
dose of 15 to 20 mg/kg 
per day is achieved. The 
maximal dose is 1 g daily. 
Children should receive 
15 to 20 mg/kg per day in 
two divided doses, not to 
exceed 1 g per day

Cycloserine Distributed throughout 
body fluids and tissues
About 50% of a 
parenteral dose of 
cycloserine is excreted 
and unchanged in the 
urine in the first 12 h; a 
total of 65% is 
recoverable in the active 
form over a period of 
72 h. Toxic 
concentrations in renal 
insufficiency

Cycloserine and 
D-alanine are 
structural analogs; 
thus, cycloserine 
inhibits reactions in 
which D-alanine is 
involved in bacterial 
cell-wall synthesis

Somnolence, 
headache, tremor, 
dysarthria, vertigo, 
confusion, 
nervousness, 
irritability, 
psychotic states 
with suicidal 
tendencies, 
paranoid reactions, 
catatonic and 
depressed 
reactions, 
twitching, ankle 
clonus, 
hyperreflexia, 
visual 
disturbances, 
paresis, and 
tonic-clonic or 
absence seizures

Adults: 250–500 mg BID

Terizidone Oral administration, 
maximum concentration 
is achieved in 2–4 h

Terizidone and 
D-alanine are 
structural analogs; 
thus, inhibits 
reactions in which 
D-alanine is 
involved in bacterial 
cell-wall synthesis

Severe depression, 
anxiety, panic 
attacks, psychosis, 
dizziness

15–20 mg/kg daily orally

para-
aminosalicylic 
acid

Oral administration, t 
1/2 = 1 h, 80% excreted 
in urine

Inhibits folic acid 
synthesis

GI side effects, 
anorexia, nausea, 
epigastric pain, 
abdominal 
distress, and 
diarrhea

Adults: Daily dose of 
10–12 g. Children: 
150–300 mg/kg per day in 
3–4 divided doses

Group 5 drugs

(continued)
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Drugs Pharmacokinetics Pharmacodynamics Adverse effects Dosage

Clofazimine Absorption is variable 
through oral route; 
because of its lipophilic 
property, it gets 
distributed into fatty 
tissues

Binds to GC-rich 
mycobacterial DNA 
and also increases 
mycobacterial 
phospholipase A2 
activity and inhibits 
microbial K+ 
transport. Weakly 
bactericidal

Eosinophilic 
enteritis
Red discoloration 
of the skin

Daily dose is usually 
100 mg

Linezolid With oral bioavailability 
approaching 100%, 
dosing for oral and 
intravenous preparations 
is the same. Peak serum 
concentrations average 
12–14 g/ml 1–2 h after a 
single 600 mg dose in 
adults and approximately 
20 g/ml at steady state 
with dosing every 12 h. 
The half-life is 
approximately 4–6 h. 
Linezolid is 30% protein 
bound and distributes 
widely to well-perfused 
tissues, with a 0.6–0.7 L/
kg volume of distribution

Linezolid inhibits 
protein synthesis by 
binding to the P site 
of the 50S ribosomal 
subunit and 
preventing formation 
of the larger 
ribosomal-fMet-
tRNA complex that 
initiates protein 
synthesis

Myelosuppression, 
including anemia, 
leukopenia, 
pancytopenia, and 
thrombocytopenia

Dosage is 600 mg daily

Amoxicillin/
clavulanate

Oral administration, 
peak concentration after 
2 h

Binds to penicillin-
binding proteins and 
disrupts the cell 
wall. Penicillinase 
susceptible, hence 
mixed with 
clavulanate. 20% 
protein bound

Allergic reactions, 
dark urine

Daily total 4000 mg 
clavulanic acid- 250 mg

Thioacetazone Orally administered Mechanism of 
action – inhibits 
mycolic acid, 
cyclopropane 
synthase

Hypersensitivity 
reactions

Adults: 150 mg 
thioacetazone +300 mg 
isoniazid daily. Children: 
50 mg thioacetazone 
+100 mg isoniazid daily

Clarithromycin Macrolide antibiotic, 
clarithromycin is well 
absorbed orally and 
distributes well to 
tissues. It is cleared 
both hepatically and 
renally; the dosage 
should be reduced in 
renal insufficiency. 
Clarithromycin is a 
substrate for and 
inhibits cytochrome 
3A4 and should not be 
administered with 
cisapride, pimozide, or 
terfenadine, as cardiac 
arrhythmias may occur

Inhibiting protein 
synthesis by binding 
to the 50S 
mycobacterial 
ribosomal subunit

Gastrointestinal 
intolerance, 
hepatotoxicity, 
headache, rash, 
and rare instances 
of hypoglycemia. 
Clarithromycin is 
contraindicated 
during pregnancy 
because of its 
teratogenicity in 
animal models

Dosage of clarithromycin 
is 500 mg, given morning 
and evening, three times a 
week. For the treatment 
of fibrocavitary or severe 
nodular/bronchiectatic 
MAC infection, a dose of 
500–1000 mg is given 
daily. Disseminated MAC 
infection is treated with 
1000 mg daily

Table 36.2  (continued)
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•	 Second-line parenteral drug  – While all the 
three drugs mentioned have no significant dif-
ference between each other, kanamycin and 
amikacin are generally preferred due to their 
lower cost. Capreomycin can be used in cases 
resistant to kanamycin.

•	 Fluoroquinolones  – These should constitute 
one of the main components of the second-
line anti-TB therapy. Later-generation fluoro-
quinolones are generally preferred, while 
ciprofloxacin should be avoided.

•	 Oral bacteriostatic drugs.
•	 Group 5 drugs.

36.5.4	 �Response/Cure Rates

The cure rates in pulmonary MDR-TB vary between 
60% and 70% [5]. However, in some studies, the 
in-hospital mortality rate in MDR-TBM was 57% 
and nearly 90% in human immunodeficiency virus-
associated TBM [35, 36].

36.5.5	 �Duration of Second-Line 
Anti-TB Regimens

The regimens followed in various countries differ. 
For example, in India the Revised National 
Tuberculosis Control Program standardized regi-
men for pulmonary MRD-TB has two parts. An 

intensive phase lasting 6–9 months with six drugs 
given daily (kanamycin, ofloxacin, ethionamide, 
PZA, ethambutol (EMB), and cycloserine) and a 
continuation phase of 18  months of four drugs 
(viz., ofloxacin, ethionamide, EMB, and cycloser-
ine) are used [45]. If at the end of 6  months of 
treatment, the culture remains positive, the inten-
sive phase is extended for a further 3 months. The 
cure rates in this regimen vary from 60% to 10% in 
pulmonary TB [46–48]. These patients need close 
monitoring, as this regimen is associated with high 
incidence of adverse drug reactions [45].

The WHO 2011 update recommends an inten-
sive phase of 8 months with modifications based on 
the response [5]. This is followed by a continuation 
phase lasting 12 months. The drugs to be used in 
the intensive phase are given in Table 36.2. In the 
continuation phase, the parenteral drug is omitted. 
In the protocol recommended, the adjusted relative 
risk for cure peaks at 7.1–8.5 months during the 
intensive phase and 18.6–21.5 months for the total 
treatment duration (for patients who had no previ-
ous treatment for MDR-TB [5, 39]. In patients who 
had previous treatment for MDR-TB, the peak was 
reached at 27.6–30.5 months. It is very important 
to keep a close surveillance as the risk of serious 
adverse events increases after 12 months of ther-
apy. In XDR-TB though there are no official rec-
ommendations, some authors have recommended 
duration of treatment of at least 18 months for oral 
agents and at least 8 months after culture conver-
sion for the injectable drug [49]. The same authors 
also reported that the culture conversion in 
XDR-TB was delayed by 1 month when compared 
with MDR-TB but reported an overall cure rate on 
60% in pulmonary XDR-TB.  They also did not 
find significant differences in the rate of relapse 
and death [49]. They also recommended respective 
pulmonary surgery in XDR-TB, which improved 
the outcome and cure rates.

36.5.6	 �Use of Antiretrovirals 
in Patients on Second-Line 
Antituberculosis Regimens

There has been scanty data on the utilization of 
antiretroviral therapy (ART) in patients with 

Table 36.3  WHO 2011 update on regimen composition 
for anti-TB therapy regimen in MDR-TB

Include at least four second-line anti-TB drugs likely to 
be effective as well as pyrazinamide during the 
intensive phase of treatment
No evidence found to support the use of more than four 
second-line anti-TB drugs in patients with extensive 
disease. Increasing the number of second-line drugs in 
a regimen is permissible if the effectiveness of some of 
the drugs is uncertain
The regimen should include pyrazinamide; 
fluoroquinolone, a parenteral agent; ethionamide (or 
prothionamide); and cycloserine, or else para-
aminosalicylic acid if cycloserine cannot be used
Ethambutol may be used but is not included among the 
drugs making up the standard regimen
Group 5 drugs may be used but are not included among 
the drugs making up the standard regimen
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MDR-TB.  Controversies include as to whether 
ART should be started when there is a low CD4 
count as well as the optimal time for the start of 
ART vis-à-vis anti-TB therapy. Based on pooled 
evidence from ten studies, though none of them 
were randomized controlled trials, the WHO 
recommended early commencement of ART 
(within 2 weeks) regardless of the CD4 status [5, 
50]. This is based on the fact that several longi-
tudinal cohort studies have shown higher cure 
rates and lower death rates when ART are 
employed early.

�Conclusion

MDR-TB and XDR-TB are extremely diffi-
cult to treat. A high index of suspicion along 
with an early diagnosis and institution of treat-
ment will certainly improve the outcomes in 
these patients. The present knowledge of man-
agement of MDR CNS-TB is mainly extrapo-
lated from pulmonary MDR-TB. The scanty 
literature on MDR CNS-TB calls for more 
high-quality studies focusing on various 
aspects of composition and duration of drug 
regimens, management of pediatric CNS-TB, 
and chemoprophylaxis of contacts of 
MDR-TB cases.
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37.1	 �Introduction

In spite of the decline of tuberculosis (TB) inci-
dence within developed countries over the course 
of recent decades, this disease remains outstand-
ing worldwide and is still one of the main causes 
of infection-related mortality across the world. 
According to the World Health Organization 
(WHO), there are about 9.2 million new TB cases 
and 1.7 million deaths every year [1].

TB of the central nervous system (CNS) is one 
of the most disastrous diseases facing neurolo-
gists or neurosurgeons. CNS-TB accounts for 
about 12–15% of TB cases or about 0.7% of all 
clinical TB [2, 3]. It usually affects young chil-
dren [4–6].

The most common human immunodeficiency 
virus (HIV)-related infection is TB. It is also con-
sidered the most important cause of morbidity 
and mortality in HIV-infected individuals in the 
developing world [7]. Coincidence of infection 
with HIV and Mycobacterium tuberculosis was 
responsible for 600,000 deaths in 2004 [8]. It also 
increases the risk of development of reactivation 
TB disease from a whole life risk of 5–10% to 
approximately 10% per year [9–11].

37.2	 �Pathological Point of View

TB of the CNS can be classified as diffuse form, the 
common tuberculous meningitis (TBM), and local-
ized forms, tuberculoma, and tuberculous brain 
abscess (TBA). Many risk factors for central ner-
vous system TB have been identified [12]. 
Childhood; HIV-coinfected patients; immune-sup-
pression conditions or the use of immunosuppres-
sive medications; malnutrition; overcrowded 
populations like armies, malignancies, and alcohol-
ism; and recent measles in children are all blamed to 
be risk factors for CNS-TB [13]. Studies made in 
developed countries have also identified that 
foreign-born individuals (individuals born outside 
of developed countries) are presented among 
CNS-TB cases [14, 15].

CNS-TB is caused by aerobic, acid-fast 
bacilli, TB bacilli. It starts by invasion of the 
CNS inside the macrophages and settles in the 
cerebral tissues or meninges as Rich nodule. 

Later, Rich nodule ruptures and mycobacterium 
bacilli release in the cerebrospinal fluid (CSF) 
causing cell-mediated reaction and start inflam-
mation. Exudates can block the CSF pathway 
leading to hydrocephalus. Reactional vasculitis 
can happen and lead to luminal stenosis of the 
feeding cerebral arteries with serious regional 
ischemic infarctions.

Tuberculomas arise when Rich nodule enlarges 
and constitutes big inflammatory region with 
accompanying pressure of the adjacent cerebral tis-
sues. It could be solitary or multiple. TB can affect 
any part of the CNS along the craniospinal axis with 
different outcomes and prognoses according to the 
site. Tuberculomas can appear after beginning of 
medical treatment for TBM [16–18]. This condition 
can be explained by that local tissue reactivity is 
dependable for a multiplicity of different paradoxi-
cal responses in intracranial tuberculomas [19]. 
Infected hosts develop hypersensitivity to an 
arrangement of mycobacterial proteins. Anti-TB 
drugs cause the destruction of mycobacterial struc-
tures and modify bacillar mycobacterial proteins, 
leading to the presence of swelling and inflamma-
tion of the focus [20, 21]; these produce a delayed 
hypersensitivity reaction. The intracranial micro-
tuberculomas grow slowly and become encapsu-
lated after a latent period resulting in paradoxical 
progression of existing lesions. The extension of the 
tuberculomas has an immunological basis [22].

TBA is an encapsulated collection of pus con-
taining viable tuberculoma bacilli. It happens 
when the central necrosis part of the tuberculoma 
liquefies and forms pus [23]. It could be also soli-
tary or multiple [24]. It should be differentiated 
from tuberculoma with central necrosis because 
of the difference in prognosis and therapeutic 
protocol [23].

37.3	 �Clinical Manifestations

Besides the general condition of the patient 
regarding chest condition (if the patient is in 
acute pulmonary TB), fever, night sweating, and 
headache, adult patients with TBM often present 
with the standard symptoms of meningitis such 
as fever, headache, and meningismus along with 
focal neurological deficits, behavioral changes, 

A. Elsawaf



527

and alterations in consciousness [25]. There is 
usually a history of exposure to TB or positive 
tuberculin test. The presence of active pulmonary 
TB on chest X-ray ranges from 30 to 50% in 
recent series [25, 26].

Children with TBM usually present with fever, 
stiff neck, seizures, and abdominal symptoms 
such as nausea and vomiting [13, 27]. Headache 
is less common in children than in adults. 
According to the stage of presentation, neuro-
logical symptoms range from lethargy and agita-
tion to coma. A family history of TB can be 
identified in approximately 50 to 60% of chil-
dren, and a positive tuberculin skin test is found 
in approximately 30 to 50% [13, 27].

Clinical signs of patients presenting with 
TBM are assessed for severity based on modifi-
cations of the British Medical Research Council 
(BMRC) staging system [28] (Table 37.1). TBM 
was classified into three stages.

Clinical manifestations of tuberculoma and 
TBA depend on their location with focal symp-
toms due to pressure on adjacent eloquent cen-
ters. The patients usually present with disturbed 
conscious level, headache, seizures, papill-
edema, or other signs of increased intracranial 
pressure (IICP). The presentation of TBA is 
more acute (1 week to 3 months) than tubercu-
loma but slower in onset than pyogenic brain 
abscesses and is associated with fever, head-
aches, and focal neurological deficits [23].

37.4	 �Treatment

Medical treatment is the cornerstone of 
CNS-TB.  Anti-TB treatment that is classified 
into first-line treatment includes isoniazid 
(INH), rifampin (RIF), rifabutin, pyrazinamide 
(PZA), and ethambutol (EMB). Second-line 

treatment includes streptomycin (STR), cipro-
floxacin, kanamycin, ofloxacin, ethionamide, 
capreomycin, and cycloserine. According to the 
American Thoracic Society guidelines [29], 
medical protocol of management of TB includes 
the initial four-medicine regimen (INH, RIF, 
PZA, and EMB) for 3 months duration fol-
lowed by two-medicine regimen (PZA and 
EMB) for another 9 months. Some authors rec-
ommend longer course of treatment [4, 30], 
while others discussed shorter treatment period 
of 6–9 months [31–34]. Both INH and PZA 
pass easily across the blood brain barrier [35–
38], but INH remains the backbone of TBM 
treatment.

37.5	 �Prognostic Factors Affecting 
Outcome

Clinical and radiological variables affecting mor-
bidity and mortality after CNS-TB were dis-
cussed in many articles. Many of them were 
found insignificant; others were found to have 
significant prognostic importance. Age of the 
patient, duration of illness, clinical stage at the 
time of treatment initiation (BMRC stage), vas-
cular complication, extent of arachnoiditis, sei-
zures, hydrocephalus, and IICP are the main 
factors [39].

37.5.1	 �Delay in Diagnosis

The duration of signs and symptoms of the dis-
ease before admission and initiation of therapy 
was of prognostic value in determining the out-
come. The importance of early diagnosis and 
management is crucial as agreed by many authors 
that is because clinical outcome depends mainly 

Stage I No definite neurological symptoms on admission or in the history 
before admission, with or without meningismus

Stage II Signs of meningeal irritations with or without slight clouding of 
consciousness with focal neurological signs such as cranial nerve 
palsies or hemiparesis

Stage III Severe clouding of consciousness or delirium, convulsions, and serious 
neurological signs such as hemiplegia, paraplegia, or involuntary 
movements

Table 37.1  The British 
Medical Research Council 
(BMRC) clinical criteria for 
assessing the severity of 
TBM [28]
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on the stage at which therapy is initiated. Some 
recommended that patients with the meningoen-
cephalitis syndrome and CSF findings of low glu-
cose levels, elevated protein levels, and 
pleocytosis should be treated immediately if 
there is evidence of TB elsewhere in the body or 
if rapid evaluation fails to set an alternative diag-
nosis [40].

In one large study evaluating TBM, the mor-
tality rate was higher (p < 0.001) in patients with 
clinical manifestations of TBM of more than 4 
weeks (80%) compared with those who had 
symptoms of less than 2 weeks (40%) [4]. Other 
studies confirmed that early anti-TB medications 
before the third day after hospitalization have an 
important protective impact on the morbidity and 
mortality of patients [41, 42].

37.5.2	 �BMRC Staging

As a role in most of neurological and neurosurgi-
cal insults, clinical condition at the initial pre-
sentation is the main predictor of outcome. The 
most important factor influencing the outcome 
of TBM is the initial clinical presentation and 
the neurological examination assessed by the 
BMRC grading system. BMRC is the standard 
scoring system used to assess the clinical presen-
tation of the patients with TBM and has an 
important prognostic indication. The BMRC 
staging which was developed to establish the 
degree of severity of the patients with CNS-TB 
at the start of anti-TB treatment has been used in 
some studies to establish its association with the 
outcome [43].

Mortality is mainly influenced by presenting 
condition as mentioned by many authors; patients 
who presented conscious with only signs of 
meningism had a very good prognosis in com-
parison to comatose patients. The mortality rate 
was 18% for stage I TBM, 34% for stage II, and 
72% for stage III according to Girgis et al. [4]. 
Other series mentioned 34% death of the patients 
who started anti-TB treatment in stage III [44, 
45]. They found also that 26% at stage III and 6% 
of patients at stage II died before completion of 
therapy [31]. Stage III showed the worst prognos-

tic outcome regarding both morbidity and mor-
tality. In a retrospective multivariate analysis 
study over 108 adults with TBM over 6  years 
follow-up, there was no statistical difference in 
mortality between TBM stage I and stage II 
(p = 0.915), but patients with TBM stage III had 
a higher mortality rate compared with those with 
TBM stage I (p = 0.014) [46].

The weakness of BMRC is that it is a descrip-
tive scale with overlapping features which do not 
include images or CSF analysis and was not built 
with a multivariate procedure [43, 47–51]. It is 
also important to consider that BMRC staging, 
when it was built 50 years ago, was not aimed at 
predicting prognosis, but to classify patients who 
were submitted to a new therapy (STR) in degrees 
of severity [43]. Another score system was devel-
oped called Quito Score. The Quito Score is easy 
to apply and is a good predictor of poor outcome 
(Table 37.2).

37.5.3	 �Age

Age of the patient is usually an important prog-
nostic factor for most of CNS disorders. In TBM, 
age was found to correlate with poor outcomes in 
some studies [46, 52]. The deaths in these studies 
tended to be among the elderly (65.5 vs. 
48.2 years, p < 0.001), supporting the strong rela-
tionship between age and mortality in patients 
with TBM. It was found that age below 40 years 
old was detected as an important predictor of out-
come, with a significant correlation between 
young age and morbidity and neurological 
sequelae in logistic regression (p = 0.049) [53].

Table 37.2  Quito Score [44]

Present Absent

Impaired consciousness 2 –9
Motor deficit 4 –6
Cisternal effacement 8 –3
Cerebral infarcts 6 –2
Sum of score 20 –20

Present and absent findings can be summed up to a maxi-
mum of 20 points and a minimum of −20. This score pre-
dicts the outcome in two classes: death or serious sequelae 
on one side and healing or minor sequelae on the other
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37.5.4	 �General Clinical Condition

General condition of the patient regarding chest 
condition (if the patient is in acute pulmonary 
TB), fever, night sweating, headache, weight 
loss, seizures, and meningeal signs has a prog-
nostic indication of outcome. Cranial nerve palsy 
at presentation had also an important outcome 
prediction value regarding the development of 
neurological sequelae in TBM and was consid-
ered the most important by some of them [53].

37.5.5	 �Magnetic Resonance Imaging 
or Computed Tomography 
Scan Findings 
of Hydrocephalus 
and Leptomeningitis

Hydrocephalus is a very critical prognostic factor 
according to almost all studies discussing 
TBM. Hydrocephalus is thought to arise because 
of the dense inflammatory exudates in the sub-
arachnoid space in its course from the exit site in 
the fourth ventricle to the absorption site in the 
arachnoid villi or possibly the destruction of the 
arachnoid villi themselves causing hydrocepha-
lus [54]. It is a common presentation with cases 
of CNS-TB. Cranial computed tomography (CT) 
scans of the patients presenting with TBM 
showed hydrocephalus in 94% and basilar 
enhancement in 93% of patients after receiving 
intravenous contrast [27].

Some advise immediate CSF diversion either 
by ventriculoperitoneal shunt (VPS); others rec-
ommend inserting external ventricular drain for 
those with high protein level in CSF to be removed 
or changed to VP shunts after improvement of 
CSF parameters. In either maneuvers, the out-
come is better with intervention than conservative 
measures in almost all cases [55, 56]. When the 
role of VPS has been determined to be essential 
for TBM-associated hydrocephalus, success rates 
ranged between 40 and 50%, and VPS has a com-
plication rate of around 30% [57, 58]. Neuro-
endoscopy can be done with good results [59, 60].

On the other hand, some studies showed that 
drainage may not affect the outcome, in this study 

of 48 patients with TBM associated with hydro-
cephalus; improvement was shown after steroid 
therapy and medical anti-TB treatment; however, 
VPS, CSF drainage, and mannitol use were not 
associated with improved mortality [58].

37.5.6	 �Use of Steroids

Corticosteroids are used in the treatment of TBM 
as adjunctive to anti-TB medications. It works 
mainly as anti-inflammatory due to its effect on 
the immune system. It also has a role in prevent-
ing hydrocephalus and infarction. Most of the 
studies done assessing the role of steroids in the 
treatment for TBM found a significant reduction 
in mortality but not in morbidity in adults [46, 
61]. One large placebo-controlled study on dexa-
methasone as adjuvant therapy of TBM identified 
a significant reduction in mortality but not in 
morbidity in adults [61]. They used an initial 
dose of 0.3 mg/kg/day for mild degree infection 
and 0.4  mg/kg/day for moderate and severe 
degrees, followed by a gradual taper over 6 weeks 
[61, 62]. Analysis on further subgroup revealed 
that the mortality benefit of dexamethasone 
occurred among all severity types of CNS-TB, 
but this benefit did not extend to patients coin-
fected with HIV [61].

Current Infectious Diseases Society of 
America, Centers for Disease Control and 
Prevention, and American Thoracic Society 
guidelines [29] endorse the use of steroid therapy 
as an adjunctive therapy joined with standard 
anti-TB therapy in CNS-TB. The initial dose of 
dexamethasone is 8  mg per day for children 
under 25  kg body weight and 12  mg/day for 
adults and children more than 25  mg kg body 
weight.

Regarding the effect of corticosteroids on 
hydrocephalus and cerebral infarction, serial 
magnetic resonance imaging (MRI) study was 
done assessing the influence of corticosteroid on 
hydrocephalus, cerebral infarction, and basal 
meningeal enhancement but found no clear effect 
on any of these parameters [63]. On the other 
hand, Schoeman et  al. mentioned that steroids 
have no clear effect on intracranial pressure or 
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development and extension of cerebral infarc-
tion, but still have a positive relationship to sur-
vival [64].

37.5.7	 �Positive CSF Ziehl-Neelsen 
Stain or Culture for M. 
tuberculosis

Positive CSF culture for Mycobacterium tuber-
culosis was associated with a poor prognosis, 
and this observation may indicate that higher 
concentration and burden of mycobacteria in 
the CSF led to an increased risk of developing 
consciousness disturbances, hydrocephalus, 
more serious TBM stages, and subsequent mor-
tality [46, 65].

37.5.8	 �Cisternal Effacement

Cisternal effacement shown in CT scan on pre-
sentation is one of the indicators of high intracra-
nial pressure in patients with TBM. It has been 
shown to be associated with poor prognosis in a 
multivariate analysis study [27].

37.5.9	 �Infarctions

Cerebral infarctions in patients with TBM is 
explained by the reactional vasculitis in the ves-
sels of the circle of Willis, the vertebrobasilar 
system, and the perforating branches of the mid-
dle cerebral artery, resulting in stenosis of the 
vascular lumen and infarctions in the distribution 
of these vessels.

Cerebral infarctions are important poor out-
come predictors especially those affecting basal 
ganglia. It was mentioned in literatures assess-
ing cerebral infarction in childhood TBM that 
there is a significant association between all 
sites of infarction (p = 0.0001) other than hemi-
spheric (p  =  0.35) and outcome score. There 
was also a significant association between all 
types of infarction (p  =  0.0001) other than 
hemispheric (p  =  0.05) and overall poor out-
come [66].

37.5.10	 �Presence of Tuberculoma 
or Tuberculous Brain 
Abscess

Tuberculomas TBAs may be present anywhere in 
the brain, but they are mostly found in the fronto-
parietal region and basal ganglions [67]. There 
was clear association between intracranial tuber-
culoma and hydrocephalus with about 18% inci-
dence in TBM patients [67]. The presence of 
tuberculoma was detected as an independent 
prognostic factor on neurological sequel in the 
other studies (p = 0.048) [68].

37.6	 �General Outcome of CNS 
Tuberculosis

Nervous system TB is categorized among extra-
pulmonary critical illness. The Revised National 
TB Control Program (RNTCP) recommended 
2(INH+EMB+RIF+PZA)/4(INH+RIF) regimen 
with extension of continuation phase for 3 months 
more (total 9 months). For pediatric neuro-TB, 
RNTCP recommends substitution of EMB with 
STR in the intensive phase [68].

Early recognition and treatment of CNS-TB 
may improve the outcome. Tuberculoma, TBA, 
or complications of medical anti-TB treatment 
itself can happen during the course of treatment. 
Assessment of outcome with medical treatment 
was tried by many authors; Smith et al. score is 
considered one of the most trusted for the 
assessment of outcome of medical treatment of 
TBM which recognizes five categories [69, 70] 
(Table 37.3).

Initial improvement of clinical symptoms usu-
ally comes gradually in most patients, and the 
obvious response starts sometimes after 3 to 4 
weeks and may in fact briefly worsen at this ini-
tial period of management despite appropriate 
anti-TB therapy [25]. After starting the medica-
tion course and during the long regimen, new 
tuberculomas can appear or even some complica-
tions of the TBM can develop like hydrocephalus 
or cerebral infarcts. That is why continuous 
radiological follow-up should be done to follow 
the improvement of the condition and to check 
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the development of new tuberculomas or other 
complications [71]. The development of such 
sequelae does not necessitate the change of medi-
cal treatment or increase of the doses.

Reported mortality from TBM ranges from 22 
to 27% [46, 72, 73], but reached up to 57% in some 
series [4]. In that large series, mortality percentage 
showed high dependency on the initial clinical con-
dition: stage I showing about 18% mortality, 34% 
for stage II, and about 72% mortality for stage 
III. More than 50% of the patients who survive are 
left with permanent neurological sequelae [72, 73].

37.6.1	 �Complications of Medical 
Treatment

Adverse effect of anti-TB treatment can affect the 
compliance of the patient to medical treatment and 
can push the treating physician to stop the medica-
tions at least for a certain time. Of the most impor-
tant complication that can lead to stoppage of 
medical treatment is the hepatotoxicity. It is more 
common in adults rather than children [74]. 
According to the Guidelines for the Management of 
Adverse Drug Effects of Antimycobacterial Agents, 
baseline liver function tests (LFTs) are obtained, 
and then follow-up tests should be done serially.

For asymptomatic patients with an increase in 
LFTs from baseline: (a) if the increase in LFTs is 
<3–5× normal, continue the current regimen, and 
monitor for symptoms of liver dysfunction [75, 
76]; (b) For asymptomatic patients, if the serum 
transaminases increase to >3–5× normal, hold 
INH until levels return to baseline [75, 76].

For symptomatic patients: (a) hold all drugs, 
and obtain LFTs; (b) If LFTs are elevated, we 
have to hold drugs until symptoms resolve and 

the transaminases decrease to <2× normal [76, 
77]. EMB and PZA should be started if drug ther-
apy cannot be held secondary to the patient’s 
clinical condition. STR can be used if PZA is sus-
pected to be the cause of hepatotoxicity.

37.6.2	 �Multidrug Resistant-
Tuberculous Meningitis 
(MDR-TBM)

Response to medical treatment varies signifi-
cantly and depends mainly on either the patient 
develops resistance to medications or not. The 
usual delayed effect of anti-TB medications and 
the aggressive behavior of the disease make the 
identification of drug resistance late [78]. It is 
mentioned that one of the factors that contribute 
to the high mortality is the absence of standard-
ized approach to the management of MDR-
TBM and the poor CSF penetration of most 
MDR-TB drugs. MDR-TB is defined by resis-
tance to both INH and RIF; it should be consid-
ered if there is a history of TB: a MDR-TB 
contact or a poor response to TB therapy despite 
adequate dosing and compliance of medications 
[79]. Almost 18% of the patients had MDR-
TBM as mentioned in many studies [80, 81]. 
Risk factors for the development of MDR-TBM 
are inadequate initial therapy; inappropriate 
incomplete previous anti-TB treatment; pres-
ence of comorbid conditions like diabetes, mal-
nutrition, and HIV; or other immunosuppressive 
conditions [80].

The prognosis regarding morbidity and mortal-
ity is worse in MDR-TBM cases that is why all 
cases suspected to be TBM should be cultured with 
determination of the antibiotic sensitivity pattern.

1 Apparently normal patients
2 Patients with slight mental abnormality or normal intelligence but with some 

degree of hemiparesis, minor behavioral problems, deafness, or epilepsy, with 
the possibility of leading relatively normal autonomous lives without assistance

3 Patients with mild sequelae that is mild mental abnormality and/or having a 
well-established physical impairment, being able to lead relatively normal lives 
with some assistance

4 Patients with severe sequelae that is severe mental abnormality and/or having a 
severe physical impairment being totally dependent

5 Death

Table 37.3  A scoring 
system for evaluation of 
the outcome of TBM by 
Smith et al. [70]
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The management of MDR-TBM especially if 
coincident with HIV is much more complex than 
in the case of drug-susceptible organisms and is 
associated with higher treatment cost and longer 
treatment periods [82]. In addition, such cases 
show poorer patient outcome and higher mortal-
ity rates [82, 83]. Nonspecific clinical presenta-
tion especially in young children, poor 
diagnostics, and delays in setting up appropriate 
anti-TB therapy as drug susceptibility testing 
may require up to 10 weeks that further increase 
the risk of mortality or the onset of severe, irre-
versible neurological damage [79, 84].

37.6.3	 �Extensively Drug Resistant-
Tuberculous Meningitis 
(XDR-TBM)

Of much worse prognosis is the extensively 
drug-resistant tuberculous meningitis (XDR-
TBM) which is defined as resistance to INH, 
RIF, fluoroquinolones, and either capreomycin, 
kanamycin, or amikacin. It is not only resistant 
to first-line treatment but also for the second-line 
treatment. 5.4% of MDR-TB cases were found 
to have XDR-TB.  Proper use of second-line 
drugs must be ensured to cure existing MDR-TB, 
to reduce its transmission and to prevent 
XDR-TB [80]. Seventy-three percent mortality 
was shown in such cases, and many of them 
could be discharged from the hospital because of 
the highly expensive long-term stay and pallia-
tive care, predisposing to spreading of such 
resistant organisms [85].

37.7	 �Outcome of Tuberculoma 
and Tuberculous Brain 
Abscess

The most common manifestation of CNS-TB is 
TBM [86]. Intracranial tuberculoma however is 
one of the usual presentations of CNS-TB that 
usually occurs in immune-compromised patients 
[86, 87]. Intracranial tuberculoma is usually pre-
sented as solitary lesion although 15–34% is 
multiple [17]. Tuberculomas of the craniospinal 

axis are the result of hematogenous spread from a 
primary focus elsewhere in the body, most often 
the lung. The incidence of associated pulmonary 
TB varies from 25 to 75%.

The difficulty in intracranial tuberculomas 
starts with diagnosis. The similarity of clinical 
and radiological appearance of tuberculoma to 
many other infectious and noninfectious cerebral 
disorders can delay the diagnosis and manage-
ment [19, 88, 89]. In the absence of extra-neural 
lesions, image-guided stereotactic biopsy is pre-
ferred to open biopsy [86]. Maintaining suspicion 
of CNS-TB is essential to achieve an accurate 
diagnosis and expedite the appropriate treatment.

Tuberculomas are thought to arise from 
enlargement of Rich focus without rupture of this 
focus into the subarachnoid space, so, tubercu-
loma can be presented as intracranial lesion with 
or without TBM. It is composed of collection of 
inflammatory cells with central area of necrosis 
[23]. In a multivariate analysis study of 12 pub-
lished literatures, anatomical location of tubercu-
loma was 58% supratentorial, 17% infratentorial, 
14% thoraco-spinal, 8% cervico-spinal, and 2% 
lumbo-spinal [23].

Intracranial tuberculomas can appear in many 
patients after starting treatment of TBM, which 
suggest that it could be a normal pathological 
response to treated infection [63].

Treatment of intracranial tuberculoma is com-
pletely similar to TBM, with giving the whole 
regimen of anti-TB medications. The role of 
dexamethasone however could be more signifi-
cant; beside the significant outcome regarding 
mortality, it has an extra-cerebral effect. It 
protects against severe drug-related liver toxicity 
and prevents life-threatening interruptions in 
anti-TB chemotherapy.

Surgical intervention for tuberculoma with 
total removal of the lesion is not much favored by 
many authors; it could be reserved to certain situ-
ations: for patients with life-threatening neuro-
logical involvement with intracranial hypertension 
and for patients with lesions that fail medical 
treatment and if a large lesion is not located in 
deep regions of the brain [90].

Arseni and Samitca reported only nine cases of 
intraspinal tuberculoma in a review of 219 cases 
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of tuberculomas, of which three were intradural-
extramedullary [91]. Intradural-extramedullary 
tuberculoma is extremely rare, with seven cases 
reported in literatures [91–93]. Although spinal 
tuberculoma shows a predilection for the thoracic 
region, it may occur at any level [94, 95].

CNS tuberculoma is a benign condition with a 
good prognosis and effective therapy options if 
diagnosed early. The overall outcome of manage-
ment of CNS tuberculoma depends mainly on the 
same factors affecting the outcome. Patients pre-
senting at an advanced disease stage had a worse 
outcome. For intramedullary tuberculoma, early 
surgical decompression is recommended and leads 
to complete recovery [96, 97] (Figs. 37.1 and 37.2).

This is uncommon presentation of 
CNS-TB. Only 57 cases of TBA were found in a 
review of world literature by Whitener et al. [24]. 
There is a high association with AIDS and devel-
opment of TBA [24, 98].

TBA develops either from intracerebral TB 
granulomas or through the spread of TB foci 
from the meninges. It is characterized by an 
encapsulated collection of pus containing viable 
bacilli without evidence of the classic TB granu-
loma and must be distinguished from tubercu-
loma with central caseation and liquefaction 
mimicking pus [23]. TBA can arise as solitary or 
multiple lesions [24]. A TBA has a much thicker 
abscess wall than a pyogenic brain abscess [23]. 
Although TBA may be indistinguishable from 
other intracranial mass lesions, a high suspicion 
of TB origin can be taken if the patient has other 
TB extra-neural manifestations and/or lack of 
irregular treatment of TB, HIV case, intravenous 
drug abuser, immunological survey, and serology 
(to exclude toxoplasmosis). Single-photon emis-
sion CT and positron emission tomography scans 
can differentiate it from astrocytoma or lym-
phoma. Culture and sensitivity of the drained pus 
easily confirm the diagnosis [99].

The management of TBA is similar to any 
cerebral abscess. It starts by drainage of the 
abscess with confirmation of the diagnoses by 
culture and sensitivity of the drained pus; the 
complete course of anti-TB medications starts. 
Many trials of aspiration can be done if recollec-
tion happens.

Due to the lack of published cases on TBA, 
the outcome of such abscess is still not clear. In 
some published articles about management of 
few cases of TBA, the outcome with optimal 
management is quietly fair. Seventy-five percent 
had an appropriate clinical response and good 
outcome, and 25% patients die [99].

37.8	 �Outcome of Pott’s Disease

Spinal TB (Pott’s disease) is one of the common 
presentations of extrapulmonary TB.  The vast 
majority of cases of TB vertebral osteomyelitis 
that involves the lower thoracic and lumbar spine 
reflects the consequences of thoracolumbar infec-
tion [6]. Spinal TB typically has an insidious 
onset and slow progression; the mean duration 
between onset of symptoms and clinical presen-
tation is about 11  months in some papers 
(4–24 months) [100].

Pott’s disease was named after Percivall Pott 
(1714–1788), one of the leading surgeons in 
London in the eighteenth century [101]. It is not 
considered CNS-TB; however, it is one of the 
important concerns of neurosurgeons. Also, spi-
nal TB can be presented by sever myelopathic 
signs due to affection on the spinal cord or 
cranio-cervical junction which deserve urgent 
neurosurgical intervention in some cases. The 
incidence of neurological deficit in Pott’s dis-
ease varies from series to series: 5–10% 
[102–104].

Conventional anti-TB medical treatment is the 
mainstay of management of Pott’s disease. 
Indications for surgery are neurological deficit, 
spinal deformity with instability, severe or pro-
gressive kyphosis, retropulsed bone fragments in 
the canal, large abscess causing respiratory embar-
rassment, and no response to medical therapy.

Poor prognostic factors include neurological 
deficit of more than 1 year duration, myelopathic 
changes in the cord, poor compliance, drug 
resistance, and increased pretreatment kyphotic 
angle. Newer techniques such as sensory- and 
motor-evoked potentials are being studied as a 
prognostic marker of outcomes of Pott’s paraple-
gia [105].
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a

c d

b

Fig. 37.1  A 30-year-old female with cervical spine 
tuberculosis (TB) treated by surgical decompression and 
fixation: (a) preoperative sagittal T2-WI magnetic reso-
nance imaging (MRI) showed destruction of C5-C6 verte-
bral bodies with epidural collecting pus compressing the 
cord at that level. (b) Postoperative sagittal T2-WI MRI 

showed complete evacuation of the abscess and decom-
pression of neural structures. (c) X-ray of the same patient 
preoperatively showing destruction of the C5-C6 vertebra 
with significant kyphotic angle of −5°. (d) Postoperative 
X-ray showed correction to a normal lordotic angle of 25° 
and good iliac crest autograft and fixation system
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�Conclusion

Outcome of CNS-TB varies significantly 
among patients affected. Many significant 
factors affect the prognosis. Presenting clini-
cal condition and response to medical treat-
ment constitute the main influencing factors. 
Understanding the pathogenesis of the dis-
ease and the factors affecting it can help in 
the initial management and final outcome of 
this aggressive disorder. Many studies are still 
taking place to find a replacement for those 
patients with resistance to anti-TB treatment 
which significantly affects the prognosis.
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38.1	 �Introduction

Tuberculosis (TB) is an infectious disease caused 
by Mycobacterium tuberculosis. It can affect any 
organs, usually the lungs. Other strains of 
Mycobacterium, such as M. bovis and M. africa-
num, are exceptionally appearing as pathogens in 
Europe.

TB is transmitted among people through the 
air. The source of infection is human, from per-
sons who have pulmonary TB or TB of the lar-
ynx. Other clinical forms of TB are not 
contagious. Patients with pulmonary TB are con-
tagious if, when they cough, there are up to 
10,000 bacilli in 1 ml of sputum. When patients 
with pulmonary TB cough, sneeze or spit, they 
expel germs into the air. For infection to occur, 
only a few of these germs need to be inhaled.

The risk of infection in a person living in close 
contact with a diseased person is 30%. Health 
care professionals who work with patients with 
TB and employees of microbiological laborato-
ries that diagnose TB are at greater risk. The 
incubation period lasts 4–12 weeks, from infec-
tion to the presence of radiopaque lesions on the 
lung. Infection usually remains latent and can 
persist for a lifetime. Only about 3% of infected 
people develop the disease within 3  years. 
Progression of infection to the disease is signifi-
cantly higher in immunocompromised patients, 
such as those with acquired immunodeficiency 
syndrome (AIDS), cancers and diabetes mellitus. 
One-third of the world’s population has latent 
TB; that is, people who have been infected by M. 
tuberculosis but do not yet have the disease and 
cannot transmit it.

In active TB disease, the symptoms (e.g., 
fever, night sweats, cough, weight loss) may be 

mild for a long time. This can lead to failure in 
seeking care and results in further transmission 
of M. tuberculosis. Without adequate therapy, 
more than two-thirds of people with TB disease 
will die.

38.2	 �Epidemiology

TB was mentioned thousands of years ago as the 
most common infective disease. Hippocrates 
called TB “phthisis” and concluded that it is was 
the most widespread fatal disease of his time [1]. 
The period of greatest TB infection was in the 
nineteenth century, when it took the largest num-
ber of lives, often young.

Robert Koch, in 1882, discovered the cause of 
TB, a rod-shaped bacterium, M. tuberculosis. The 
major step in the fight against TB in the modern 
age was his lecture on Friday, March 24, 1882, in 
Berlin, where he described M. tuberculosis. His 
work was published on April 10, 1882, in the jour-
nal Berliner Klinische Wochenschrift and was 
translated into many world languages [2]. From 
that time, he began research on drugs to combat 
the disease. In the second half of the twentieth 
century TB treatment became successful, with 
several drugs used in combination, the control of 
patients’ treatment, and long enough therapy. 
However, since the last two decades of the twenti-
eth century, the incidence of TB cases has been 
growing again, and the disease has now returned, 
associated with the new disease, AIDS.

The big problem in TB treatment is a new 
form of the disease, multidrug resistant-tubercu-
losis (MDR-TB).  TB is also more commonly 
associated with diseases such as diabetes, malig-
nant disease, renal disease and congenital and 
acquired immunodeficiencies. The highest rates 
of TB are in Africa, Southeast Asia, and parts of 
South America. Developing countries, in contrast 
to industrialized countries, have a higher rate of 
the disease. Rising numbers of MDR-TB repre-
sent a major threat that is going out of control. 
Despite the measures taken by the World Health 
Organization (WHO), the infection is spreading 
rapidly. In 1993, the WHO declared TB a global 
emergency, concerned because of the extent of 
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TB as a problem in most developing countries [3, 
4]. In the last two decades of the twentieth cen-
tury, global strategies for TB control have been 
recommended for acceptance and adaptation in 
all countries. The phenomenon of MDR-TB 
forms of the disease led to the introduction of 
new measures in the therapy of TB; namely the 
directly observed therapy short course (DOTS) 
strategy [5].

38.2.1	 �Risk Factors for Developing 
Diseases

TB is a disease related to poverty, and this could 
explain its appearance in different population 
groups. Risk factors such as poverty, lack of 
food, financial problems, and difficult psycho-
social circumstances are the major determinants 
of TB [6, 7]. Also, there are vulnerable groups, 
which include those with human immunodefi-
ciency virus (HIV) infection, homeless people, 
migrants and refugees, alcohol abusers, and 
prisoners. Because of their increased risk these 
groups are more likely to develop active disease. 
In these patients TB may not be diagnosed, rep-
resenting a danger for spreading infection in the 
community [8]. A common aggravating factor is 
the fear of stigmatization, which is an important 
reason for poor compliance with treatment. The 
most sensitive groups have to be identified in 
every region so that intervention aimed at the 
needs of difficult to reach groups can be imple-
mented [9]. HIV/AIDS-positive patients have 
an extremely high risk of contracting TB. So, 
the HIV status of every newly diagnosed TB 
patient has to be checked, according to current 
recommendations. The percentage of TB 
patients who know their HIV status has 
increased in the past 10 years, reaching a peak 
of 46% in 2012 [10].

The world prison population is currently about 
8–10 million people. The median incidence rate 
ratio for TB in inmates versus the general popula-
tion was reported to be 23. Treatment that was 
not sufficiently long, and interrupted treatment, 
significantly increased the development and 
spread of MDR-TB, thus creating TB reservoirs, 

a factor that threatens the whole community, 
through prison officials, visitors, and former pris-
oners [11–13].

38.3	 �Directly Observed Therapy 
Short Course

Directly observed therapy short course (DOTS) 
was launched in 1994–1995. It was based on 
five crucial components: (1) political commit-
ment with increased and continual financing, (2) 
case detection among people presenting with 
symptoms in clinics through quality-assured 
bacteriology, (3) standardized and supervised 
treatment along with patient support, (4) an 
effective drug supply and management system, 
and (5) a standard monitoring and evaluation 
system (“Framework-WHO, 1994, IUATLD, 
1996”) [14, 15].

To accelerate efforts and reach the interna-
tional targets set in the context of the Millenium 
Development Goals (MDG), in 2006 the WHO 
launched an enhanced global strategy named the 
Stop TB Strategy. This new strategy aimed to 
ensure universal access to high-quality health 
services and patient-centered care for all individ-
uals with TB, through additional efforts address-
ing the challenges emerging in the new century 
[16, 17].

The principles of DOTS were incorporated as 
the first component of the 2006 Stop TB 
Strategy, together with five additional compo-
nents: (1) address TB/HIV, MDR-TB, and the 
needs of vulnerable populations, (2) contribute 
to health system strengthening based on primary 
health care, (3) engage all care providers, (4) 
empower TB patients and encourage commu-
nity engagement and (5) enable and promote 
research [16].

The WHO extended the DOTS program in 
1998 to include the treatment of MDR-TB (called 
“DOTS-Plus”). The scope of this plan was to 
address the MDG challenge and pursue the other 
international targets in order to halve the 1990 TB 
prevalence and mortality rate by 2015 and elimi-
nate TB as a public health problem by 2050 (<1 
case per 1 million population) [18]. Despite all 
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these efforts and the resulting achievements 
described above, including the reaching of the 
TB-relevant target in the MDG, global control is 
progressing slowly, with a decline in incidence of 
2% per year on average.

The new post-2015 Global TB Strategy 
approved by the 67th World Health Assembly 
in May 2014, aims at “ending the global TB epi-
demic” by 2035 This implies a reduction of mor-
tality for 95% by decreasing incidence for 90% 
(<10  TB cases/100,000 population) to 2035 in 
comparison with 2015, and the suppression of any 
“catastrophic cost” for TB-affected families [19].

The most important aspect of treatment was 
the introduction and the routine use of new tech-
nologies for the quick detection of resistant 
strains and the development of special diagnostic 
algorithms, which were particularly useful for 
high-risk patients. Despite the implementation of 
these all measures, TB is still one of the world’s 
biggest health problems.

38.4	 �TB Mortality

TB mortality among HIV-negative patients can 
be directly measured by using data from national 
Vital registration (VR) systems. VR systems have 
high coverage, and causes of death are accurately 
coded according to the newest revision of the 
International Classification of Diseases (ICD-
10). For estimating TB deaths, mortality surveys 
can be used. Most countries with a high incidence 
of TB lacked national or sample VR systems in 
2014, and few mortality surveys were done. In 
the absence of VR systems or mortality surveys, 
TB mortality can be estimated as a product of TB 
incidence and the case fatality rate, or it can be 
based on mortality data from countries with VR 
systems. TB deaths in HIV-positive people are 
difficult to estimate even when VR systems exist, 
because deaths among HIV-positive people are 
coded as HIV deaths, and contributory causes 
(such as TB) are mostly not recorded. Africa is 
the part of the world, where is the greatest need to 
introduce or implement VR systems where 
causes of death are classified according to the 
ICD system.

The fight against TB has resulted in a yearly 
death rate in 2013 of approximately half that in 
comparison with the rate in 1990. In 2014 
1,510,000 people were killed by TB (1.1 million 
HIV-negative and 0.4 million HIV-positive), 
among them 890,000 men, 480,000 women, and 
140,000 children [19]. Worldwide, TB ranks 
alongside HIV as a one of the leading causes of 
death. In 2014 there were 1.2 million deaths from 
HIV, including 0.4 million TB deaths among 
HIV-positive people.

38.5	 �Immunopathogenesis of TB 
Disease

The development of an infection by M. tuber-
culosis depends on the initial relationship 
between the pathogen and the host cell, most 
often the macrophage. The surface characteris-
tics of both entities will strongly affect the out-
come. Mycobacteria are gram-positive, but 
their wax-rich cell walls confer on them unique 
features. Because of this, they are classified as 
acid-fast bacilli. M. tuberculosis is capable of 
binding to a variety of host cell receptors, 
including Fc receptors and complement recep-
tors (both with or without prior opsonization), 
the macrophage mannose receptor, surfactant 
protein receptors, and CD14. Having gained 
entry into the macrophage with its variety of its 
surface molecules, M. tuberculosis faces the 
problem of establishing residence inside a pri-
mary host effector cell. The manipulation of 
the nutritional requirements of M. tuberculosis, 
coupled with the immune status of the host, 
dramatically alters the course of infection and 
could open up potential avenues for therapeu-
tic intervention [20].

Although interferon-gamma (IFN-γ) is a 
major cytokine involved in the control of M. 
tuberculosis infection, many others cytokines, 
such as interleukin 12 (IL-12 ) and tumor necrosis 
factor (TNF), participate in the activation of the 
immunological system. TNF can synergize with 
IFN-γ to activate macrophages. TNF is also the 
cytokine most responsible for organizing granu-
lomas. However, as with many infections, the 
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synthesis of TNF must be precise, as too much 
synthesis leads to increased cellular accumula-
tion, and to compromised lung function and dam-
aged tissue.

CD4+ T cells are important in the host 
defence. The importance of this T-cell subset 
in controlling acute mycobacterial infections 
has long been proposed. Despite the intrap-
hagosomal location of mycobacteria, it is 
known that CD8+ T cells have an important 
role in the successful immune response to the 
organism. A better understanding of the rela-
tionship between M. tuberculosis and its host 
will ensure very important new guidelines for 
the fight against this disease, which is still of 
major importance [21].

38.6	 �Clinical Course

Clinically, TB has a wide range of symptoms. 
The disease can affect any organ system; how-
ever, it usually affects the lungs (60–80%). 
Extrapulmonary TB is present in 20% of cases, 
of which 13% are specific pleuritis and 1–4% 
specific lymphadenitis, while sporadic central 
nervous system (CNS), genitourinary, osteoar-
ticular, and intestinal TB are also observed. In 
HIV-positive patients the clinical presentation is 
atypical and extrapulmonary TB is present in up 
to two-thirds of patients.

According to sputum positivity, localization 
of the disease, drug resistance, and recurrence or 
relapse of the disease, the WHO recommended 
the following definitions of TB cases [22] (for 
use since March 2013):

Bacteriologically confirmed case of TB: “A 
patient from whom a biological specimen is 
positive by smear microscopy, culture or 
WHO-approved rapid diagnostic test (such as 
Xpert Mycobacterium tuberculosis/RIF). All 
such cases should be notified, regardless of 
whether TB treatment is started.”

Clinically diagnosed case of TB: “A patient who 
does not fulfil the criteria for bacteriologically 
confirmed TB but has been diagnosed with 
active TB by a clinician or other medical 

practitioner who has decided to give the 
patient a full course of TB treatment.”

Case of pulmonary TB: “Any bacteriologically 
confirmed or clinically diagnosed case of TB 
involving the lung parenchyma or the tracheo-
bronchial tree. Miliary TB is classified as pul-
monary TB because there are lesions in the 
lungs. TB intra-thoracic lymphadenopathy 
(mediastinal and/or hilar) or TB pleural effu-
sion, without radiographic abnormalities in 
the lungs, constitutes a case of extrapulmo-
nary TB. A patient with both pulmonary and 
extrapulmonary TB should be classified as a 
case of pulmonary TB.”

Case of extrapulmonary TB: “Any bacterio-
logically confirmed or clinically diagnosed 
case of TB involving organs other than the 
lungs, e.g. abdomen, genitourinary tract, 
joints and bones, lymph nodes, meninges, 
pleura, skin.”

New case of TB: “A patient who has never been 
treated for TB or has taken anti-TB drugs for 
less than one month.”

Retreatment cases of TB: “A patient who has 
been treated for 1 month or more with anti-TB 
drugs in the past. Retreatment cases are fur-
ther classified by the outcome of their most 
recent course of treatment into four catego-
ries. Relapse patients have previously been 
treated for TB, were declared cured or treat-
ment completed at the end of their most recent 
course of treatment, and are now diagnosed 
with a recurrent episode of TB (either 
treatment).”

Treatment after loss to follow-up patients: “They 
have previously been treated for TB and were 
declared ‘lost to follow-up’ at the end of their 
most recent course of treatment. ”

Case of multidrug resistant-tuberculosis 
(MDR-TB): “TB that is resistant to two first-
line drugs: isoniazid (INH) and rifampicin 
(RIF).”

Case of RIF resistant-tuberculosis (RR-TB): “A 
patient with TB that is resistant to RIF detected 
using phenotypic or genotypic methods, with 
or without resistance to other anti-TB drugs.”

Treatment after failure: “The patients have previ-
ously been treated for TB and their most 

38  An Overview of Tuberculosis: What You Need to Know



546

recent course of treatment failed i.e. they had 
a positive sputum smear or culture result at 
month 5 or later during treatment.”

38.7	 �Diagnostic Tests 
in Tuberculosis

38.7.1	 �Screening Test

The WHO has developed guidelines on TB 
screening, according to The Strategic and 
Technical Advisory Group TB (STAG-TB) [23]. 
Screening is defined as: “the presumptive identi-
fication of unrecognized disease or defect by the 
application of tests, examinations, or other pro-
cedures which can be applied rapidly.” 
Screening tests distinguish well persons who 
probably have a disease from persons who have 
not. Screening tests are not diagnostic. Persons 
with a positive or suspected positive result must 
visit their doctors for diagnosis and, eventually, 
therapy [24].

There are two key goals of systematic screen-
ing for active disease: (1) thorough early detec-
tion and therapy achieve a better outcome for 
patients suffering from TB and (2) by shorten-
ing the duration of TB infectiousness, the 
incidence and transmission of TB is signifi-
cantly decreased [25].

Persons whose are positive at screening should 
be subjected to confirmatory testing to establish a 
TB diagnosis, with any reference tests or new 
tests that are available. Persons whose are nega-
tive at screening would not be tested with any 
confirmatory tests.

38.7.2	 �Index Tests

Chest X-ray (CXR) as a screening test means one 
posterior-anterior CXR recording. There are 
three different types of recording: conventional 
CXR (producing a 36 × 43 cm film), digital, and 
mass miniature radiography [26]. CXR classifi-
cation systems can distinguish any abnormality 
versus a normal recording. Among abnormal 
CXRs only abnormalities suspicious of TB would 

qualify as a positive screening result [27]. 
Sequential (or serial) screening has two steps. In 
the first step persons are screened for symptoms, 
and CXR screening, as a second step, is per-
formed only for symptom positive persons. 
Parallel screening means both screening steps are 
available, and persons having symptoms and/or 
abnormalities on chest X-ray have conditions that 
suggest a further diagnostic test. For example, 
this is practiced in TB prevalence studies, in 
order to ensure that the sensitivity is as high as 
possible. Parallel screening also avoids the need 
for laboratory diagnostics to be performed in all 
respondents [28].

38.7.3	 �Reference Tests

Tests with high specificity, considering mycobac-
terial culture and mycobacterium speciation, are 
the reference tests for bacteriologically confirmed 
TB. Cultures on liquid medium are the most sen-
sitive. Before the automated reading of mycobac-
terial growth inhibitor tubes (MGIT) culture was 
available, culture on solid medium Löwenstein 
Jensen (LJ) was the basis of culture tests, and 
can still be the only available test in settings with 
limited resources. MGIT culture increases the 
recovery of mycobacteria by 11–18% compared 
with LJ culture, but MGIT culture can have lower 
specificity because of higher contamination rates 
[29, 30]. The Ziehl-Neelsen (ZN) method shows 
a wide variation of sensitivity, between 50% and 
70% in most studies [31]. Direct ZN micros-
copy has a specificity of 98%. In comparison 
with culture, the sensitivity of the nucleic acid 
amplification test Xpert MTB/RIF test is 92%, 
and specificity is 99% in smear-positive and 
smear-negative patients [32]. Serological tests 
are not recommended as diagnostic tests in TB 
[33]. Before choosing the best diagnostic algo-
rithm, the TB prevalence, test availability, and 
logistic conditions should be considered (e.g., 
X-ray or Xpert Mycobacterium tuberculosis/RIF 
availability). A systematic review to determine 
screening tests in HIV-infected persons has been 
published recently. Due to the increase in the 
prevalence of TB and its close association with 
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AIDS, there has been research into new methods 
for quickly discovering TB in clinical samples, 
new systems for culture and sensitivity test-
ing TB, and amplification methods, polymerase 
chain reaction (PCR). Rapid tests such as PCR 
confirmed the diagnosis of TB in 1–2 days, while 
current substrates AST-streptomycin (STR), 
INH, RIF, etambutol (EMB) (SIRE) confirmed 
the diagnosis in 7–10 days [34].

38.8	 �Radiological Diagnosis of TB

Given the most common sites of pulmonary TB, 
X-ray and computed tomography of the heart and 
lungs is a basic diagnostic method for the detec-
tion of pulmonary TB.  The primary infection 
shows infiltrative lesions in the parenchyma of the 
middle and lower lung fields, with regional lymph-
adenitis (which occurs most commonly 3 months 
after infection) and calcified-primary complex or 
Ghon’s complex.

38.8.1	 �Postprimary Infection

There are three basic radiological signs of post-
primary pulmonary TB: ulcers, caverns, and 
fibrosis. Radiologically, these signs manifest as 
multiple infiltrates with areas of destruction in the 
typical radiological images of caverns (Fig. 38.1).

Hematogenous dispersion of TB leads to 
radiological signs of miliary TB and hematoge-
nous dissemination to other organ systems (e.g., 
CNS, bones and kidneys) (Fig. 38.2).

Radiologically visible pleural effusion, with 
or without signs of destruction of lung paren-
chyma, is the second most common radiological 
sign of TB. A special entity is tuberculoma a soli-
tary peripheral nodule that is usually peripherally 
linked to a pleura.

Late radiological manifestations of TB in the 
lung generally represent its complications, and 
they include aspergilloma, arterial pseudoaneu-
rysms, bronchiectasis, bronchial artery pseudoa-
neurysm, bronchopleural fistula, pulmonary 
artery pseudoaneurysm/Rasmussen aneurysm, 
empyema and fibrothorax.

38.8.2	 �Bronchoscopy as a Diagnostic 
Test for Tuberculosis

Bronchosopy is a very important diagnostic 
method in patients with clinical or radiological 
suspicion of TB who are not able to produce 

Fig. 38.1  Massive pulmonary tuberculosis (TB) with 
bronchogenic dissemination shows multiple infiltrates 
with areas of destruction in the typical radiological images 
of caverns on both sides of the lung

Fig. 38.2  Miliary pulmonary TB shows diffuse 
micronodular lesions (like grains of millet in the lung 
parenchyma)
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sputum, or those patients with negative sputum 
smear microscopy results. In some studies, bron-
choalveolar lavage (BAL) showed a sensitivity of 
60% and a specificity of 100%. Bronchoscopy is a 
credible method for the diagnosis of pulmonary 
TB, with a low incidence of complications. The 
combination of transbronchial biopsy (TBB) and 
BAL increases the sensitivity of this method and 
clarifies the differential diagnosis with other dis-
eases [35].

38.9	 �Anti-Tuberculosis Drugs

Global TB control has achieved the greatest suc-
cess with the implementation of the DOTS strat-
egy worldwide. The essential first-line anti-TB 
drugs include INH, RIF, EMB, pyrazinamide 
and STR. Second-line anti-TB drugs include 
aminoglycosides (kanamycin, amikacin), qui-
nolones (ciprofloxacin, ofloxacin, levofloxacin), 
ethionamide or prothionamide, cycloserine, 
para-aminosalicylic acid and a polypeptide 
(capreomycin).

The WHO recommends the use of a fixed dose 
combination of anti-TB drugs, although these 
combinations have not been systematically eval-
uated [35]. The doses of the first and second-line 
anti-TB drugs are presented in Tables 38.1a and 
38.1b.

The second-line anti-TB drugs are useful for 
treating disease that is resistant to first-line treat-
ment (i.e., MDR–TB).

An initial phase treatment with a combination 
of several first-line anti-TB drugs serves to take 
care of the drug-resistant organisms and to 
provide “a quick kill” to decrease the bacillary 
load. As the final, that results in decreased the 
number of “persisters” in the focus.

For those TB patients with known positive 
HIV status and for all TB patients living in HIV 
prevalent settings, daily TB treatment, at least 
during the intensive phase and also during the 
continuation phase, is recommended.

While standard anti-TB therapy needs to be 
used for all new TB cases, when retreatment is 
required for relapse, starting with first-line ther-
apy and drug susceptibility testing (DST) is rec-
ommended. If DST is not applicable and the 
patient has had a good clinical and radiological 
response for 2–3  months of therapy, or if DST 
confirms that there is no resistant disease, first-
line therapy could be continued and given for 
7  months [36]. When fully supervised first-line 
therapy fails, or if DST shows that a patient has 
MDR-TB, then second-line drugs have to be 
included for this patient. If patients do not 
respond on MDR treatment or they show exten-
sively drug resistant tuberculosis (XDR-TB) on 
DST, they need to be treated with salvage 
regimens.

Third-line drugs may be useful, but they have 
doubtful or non-proven efficacy. The third line 
anti-TB drugs are rifabutin, macrolides, line-
zolid, thioacetazone, thioridazine, arginine, vita-
min D and bedaquiline. These drugs, apart from 

Table 38.1a  Anti-TB drugs (first line) and their recommended doses for adults

Drug

Recommended dose

Daily 3 times per week

Dose and drug (mg/kg 
body weight) Maximum (mg)

 Dose and drug (mg/kg 
body weight) Daily maximum (mg)

Isoniazid 5 (4–6) 300 10 (8–12) 900
Rifampicin 10 (8–12) 600 10 (8–12) 600
Pyrazinamide 25 (20–30) – 35 (30–40) –
Ethambutol 15 (15–20) – 30 (25–35) –
Streptomycin 15 (12–18) 15 (12–18) 1000

Notes: (1) Patients over 60 years old may not be able to tolerate more than 500–750 mg daily, so some guidelines recom-
mend reduction of the dose to 10 mg/kg per day in these patients. (2) Patients weighing less than 50 kg may not tolerate 
doses above 500–750 mg daily (WHO Model Formulary 2008, www.who.int/selection_medicines/list/en/)
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rifabutin, are not very effective. Rifabutin is 
effective, but because of its high price, it is not on 
the WHO list for most developing regions.

38.10	 �Challenges in the Prevention 
and Treatment 
of Tuberculosis Today

Patients with MDR-TB are often unsuccessfully 
treated, with approximately 50% of MDR-TB 
patients worldwide being treated successfully. In 
2015 the treatment success target of ≥75% with 
MDR-TB patients was achieved by 43 of the 127 
countries and regions that investigated outcomes 
for the 2012 cohort, including three high-MDR-
TB-burden countries (Estonia, Ethiopia, and 
Myanmar). Extensively drug resistant-tuberculosis 
(XDR-TB) was reported by 105 countries in 2015, 
representing about 9.7% of all reported TB cases in 
those countries [37].

After the development of RIF in the 1960s, no 
new anti-TB drugs were registered until 2012 and 
2013. A new drug, bedaquiline, which was 
approved by the US Food and Drug Administration 
in 2012, is recommended by the WHO for the 
therapy of selected MDR-TB cases [37]. The 
European Medicines Agency approved bedaqui-
line in 2013 and this drug is now available for use 
in MDR-TB therapy in Europe [38]. Early diag-
nosis, motivation of patients to comply with 
treatment, and the implementation of the DOTS 

strategy are crucial for preserving the efficacy of 
anti-TB therapy and disease control.

�Conclusion

TB has, for centuries, represented a major health 
problem. Since 1882, when Robert Koch dis-
covered M. tuberculosis, there has been research 
on drugs for TB. During the 20th century the 
WHO implemented a number of guidelines for 
preventive measures and for the therapy of this 
disease, including the DOTS strategy, which led 
to a fall in the incidence of TB. However, in the 
last two decades of the 20th century, the number 
of TB cases again grew, associated with the new 
disease, AIDS. In some parts of the world, such 
as Africa, TB associated with AIDS is one of 
the leading causes of death. Also, a new form of 
the disease, MDR-TB, has become a big prob-
lem. Additional measures by the WHO, imple-
mented in the health care systems of the relevant 
countries, as well as research on new drugs, will 
be necessary, in the future, for better control of 
the disease.
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Abbreviations

BBB	 Blood-brain barrier
CNS	 Central nervous system
CoMTb	� Conditioned medium from M. tubercu-

losis-infected human monocytes
CSF	 Cerebrospinal fluid
HBHA	 Heparin-binding hemagglutinin adhesin
HIV	 Human immunodeficiency virus
iNOS	 Inducible nitric oxide synthetase
MAPK	 Mitogen-activated protein kinase
MMP	 Matrix metalloproteinase
TB	 Tuberculosis
TBM	 Tuberculous meningitis
TIMP	 Tissue inhibitor of metalloproteinase

39.1	 �Introduction

Tuberculosis (TB) of central nervous system 
(CNS) is a grave and deadly disease, constituting 
approximately 1% of all TB cases. In this disor-
der with high mortality and morbidity, children 
and human immunodeficiency virus (HIV)-
infected individuals are more affected. The rarity 
of the disease together with the variability of the 
symptoms leads to difficulties in making the 
diagnosis. Although various suggestions have 
been reported related to the occurrence mecha-
nism of the disease, the mechanism is not entirely 
understood yet [1]. It is considered that 
Mycobacterium tuberculosis should pass through 
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the blood-brain barrier (BBB) and create the 
parenchymal and meningeal tuberculoma, and 
then these tuberculomas should rupture and 
bacilli should pass to the subarachnoidal space 
for the occurrence of TB of CNS [2–5]. In vitro 
and animal models have been used from the past 
to present in various studies for understanding 
the pathogenesis of TB of CNS.

39.2	 �In Vitro Models

The in vitro models are relatively cost free and 
easy to use models, but they have various limita-
tions. The reason for this is that the in vitro sys-
tems use one or more cell lines grown in one or 
more compartments and, thus, their inability to 
simulate the complex interactions among various 
cell types and additionally not resembling a liv-
ing in  vivo system. Nevertheless, these models 
can be very helpful for understanding how vari-
ous microorganisms interact with the organism.

In previous studies, M. tuberculosis was 
shown to invade endothelial cells in various 
in vitro studies [6, 7]. Afterward, the studies in 
human autopsies have supported this finding [8]. 
Bermudez et al. [6] showed that M. tuberculosis 
invaded A549 pulmonary epithelial cells with an 
efficiency of 2–3% of the initial inoculum, 
despite its insufficiency in the invasion of endo-
thelial cells in the bilayer alveolar wall model, 
consisting of epithelial and endothelial cells. 
However, they also showed that the bacteria 
invading the A549 epithelial cells were taken in 
by the endothelial cells with an efficiency of 
5–6% of the initial inoculums [6]. Moreover, they 
showed that both free and intracellular (inside the 
infected monocytes) M. tuberculosis bacilli were 
able to pass across the bicellular, monolayer  – 
epithelial and endothelial cells – formations [6].

Recently, Menozzi et  al. [9] showed that 
28-kDa heparin-binding hemagglutinin adhesin 
(HBHA), which is required for dissemination of 
the bacilli out of the lungs, induced the reorgani-
zation of the active filament network in adjacent 
endothelial cells, but did not affect the tight junc-
tions. When HBHA is combined with the colloi-
dal gold particles, it acts as the mediator for these 

particles to be attached to the membranes of the 
Hep-2 and A549 epithelial cells. Once attached, 
the particles are taken inside within the membrane-
bound vacuoles and migrate inside the A549 cells 
toward the basal side. These observations clearly 
suggest that M. tuberculosis induces the receptor-
mediated endocytosis and the epithelial transcyto-
sis of HBHA. This can represent the mechanism 
for dissemination of M. tuberculosis independent 
of macrophages, leading to systemic infection.

In normal physiological circumstances, the 
CNS is separated from the systemic circulation 
by the BBB [10]. Typically, this barrier consists 
of specialized and tightly apposed human brain 
microvascular endothelial cells [10]. The basal 
sides of these endothelial cells are supported by 
astrocytes [10]. The transcellular movement from 
the BBB is limited due to the small number of 
endocytic vesicles and the absence of endothelial 
fenestration. The paracellular transport is also 
limited due to the presence of tight junctions in 
endothelial cells. These properties make the BBB 
impermeable to large molecules, hydrophilic 
molecules, and circulatory pathogens.

The exact entry mechanism of M. tuberculosis 
to the CNS by passing through the BBB has not 
been fully elucidated to date. While some authors 
have suggested that free bacilli directly pass 
through the endothelial barrier, others have consid-
ered that bacilli enter via the macrophages [6, 9, 
11]. Various in vitro studies have shown that free 
M. tuberculosis invades the endothelial cells [3, 4].

Using an in vitro model, Jain et al. [11] consti-
tuted for investigating the meningitis-forming 
bacteria, created a monolayer human brain 
microvascular endothelial cell line, and infected 
these cells with various mycobacterium strains. 
They showed that M. tuberculosis H37Rv and 
CDC1551 strains invaded and breached this layer 
consisting of endothelial cells much more effi-
ciently when compared to M. smegmatis [11]. 
This result supported the suggestion that free 
mycobacteria can pass through the specialized 
endothelial cells. Nevertheless, while brain 
microvascular endothelial cells were used in the 
model that they created, the cells forming the 
brain side of the BBB  – primarily astrocytes  – 
were not included in this model. Therefore, what 
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kind of resistance these cells create during the 
transport of the mycobacterium to the brain 
parenchyma is not clear. Together with the exper-
iments using microarray profiling and selected 
M. tuberculosis transposon mutants, the results of 
this study suggested that specific M. tuberculosis 
genes might be required for invasion and breach-
ing [11]. The model created by Jain et al. is a sig-
nificant study for understanding the interactions 
of mycobacteria with endothelial cells [11].

TB of CNS is a disease characterized by 
extensive tissue inflammation. This inflamma-
tion is driven by the molecules known as matrix 
metalloproteinase (MMP). MMPs are the 
enzymes that degrade the extracellular matrix. 
Information about the regulation of these 
enzymes in CNS is limited. Green et al. [12, 13] 
demonstrated that microglia secreted MMPs in 
high concentrations in a simplified CNS cell 
model of TB. They determined elevated levels of 
MMP-1, MMP-3, MMP-8, and MMP-9 in cere-
brospinal fluid (CSF) of patients with TB disease 
[12, 13]. They also showed the presence of 
MMP-1, MMP-3, and MMP-9 in tuberculoma of 
the CNS, but the specific tissue inhibitor of 
metalloproteinase-1 was not present in this 
tubercle [12, 13]. In this study, analysis of all of 
the MMPs demonstrated that conditioned 
medium from M. tuberculosis-infected human 
monocytes (CoMTb) stimulated greater MMP-1, 

MMP-3, and MMP-9 gene expression in human 
microglial cells than direct infection [12, 13].

Moreover, Green et  al. [14] stimulated the 
human microglial cell line by using the CoMTb in a 
cellular model of TB of CNS. CoMTb upregulated 
the microglial secretion of MMP-1 and MMP-3 in a 
dose- and time-dependent manner. By phospho-
array profiling, it was shown that the highest 
increase in kinase activity was in p38 mitogen-acti-
vated protein kinase (MAPK) [14]. They concluded 
that the monocyte-microglial network-dependent 
MMP-1 and MMP-3 gene expression and secretion 
were p38 MAPK-dependent in TB [14]. Therefore, 
they suggested that p38 was a potential target for the 
treatment of TB of CNS [14].

39.3	 �Animal Models

39.3.1	 �History and First Studies

The first information related to the pathogenesis 
of tuberculous meningitis (TBM) was obtained as 
the result of the studies performed by Rich and 
McCordock [5, 15] (Table 39.1). In their study 
using guinea pigs and rabbits, they concluded that 
the meninges did not get infected by the hematog-
enous spread of the TB bacilli, and for formation 
of TBM, the bacilli should be inoculated to the 
CNS directly [5].

Table 39.1  Summary of different experimental models described in the literature for pathogenesis of TBM and TB 
granuloma to date

Researcher Year Experimental Model Main Topic of Study

Rich and McCordock [5] 1930 Guinea pig
Rabbit

Pathogenesis of TBM

Tsenova et al. [16] 1977 Rabbit A drug study for TBM
Mazzolla et al. [17] 2002 Mice Different immune response in 

TBM between two types of mice
van Well et al. [18] 2007 Mice Pathogenesis of TBM
Olin et al. [19] 2008 Mice The role of inducible nitric oxide 

synthase in clinic of TBM
Rock et al. [20] 2008 Mice Pathogenesis of TBM
Be et al. [2] 2008 Mice Invasion and survival of M. 

tuberculosis in the CNS
van Leeuwen et al. [21] 2014 Zebrafish Early pathogenesis of TBM and 

granulomas

Abbreviations: CNS central nervous system; TBM tuberculous meningitis
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Rich and McCordock [5] challenged the sen-
sitized and nonsensitized guinea pigs and rabbits 
by giving them M. tuberculosis and M. bovis 
intravenously, respectively. Although acute exu-
dative meningitis did not develop in any animal, 
several or diffuse granulomatous lesions formed 
in the brain parenchyma or meninges of all ani-
mals. Thus, they suggested that these foci had 
developed throughout the initial bacteremic 
phase around the deposited bacteria in the brain 
parenchyma and meninges [5].

By performing a series of postmortem investi-
gations, Rich and McCordock [5] reported that a 
meningeal focus was present at the site that the 
bacilli had entered the subarachnoidal space and 
had formed TBM in almost all cases. Depending 
on these seminal observations and subsequent 
studies to a great extent, it has generally been 
considered that a caseating vascular focus known 
as “Rich focus” is present in the cerebral cortex 
and the meninges, and this focus is the key path-
way for the TB bacilli to pass to the subarachnoi-
dal space [22–25].

Nevertheless, the information that Rich and 
McCordock had reported as the result of their 
studies was not able to explain the relationship of 
miliary TB with TBM [5]. Donald et al. [23] ana-
lyzed the original reports together with the subse-
quent essays. Depending on the increasing 
probability of development of “Rich focus” in dis-
seminated TB, and since the likelihood of unex-
pected rupture of this focus that causes TBM 
clinically increases, they concluded that dissemi-
nated TB plays a significant role in development of 
TBM in children. The mechanism of initial inva-
sion of this barrier by the bacilli while the menin-
ges and the brain parenchyma are being protected 
from the systemic circulation anatomically and 
physiologically has not been fully understood.

39.3.2	 �Studies with Intracranial 
Injections

In addition to the animal models which had 
emerged with the experiments of Rich and 
McCordock related to the TB of CNS in guinea 
pigs and rabbits, new animal models were devel-

oped by conducting studies for investigation of 
the neuropathogenesis of M. tuberculosis [5]. 
Tsenova et  al. [16] described a rabbit model in 
which they made intracranial injections of M. 
bovis Ravenel, which is virulent in rabbits, for 
creating acute mycobacterial meningitis (Table 
39.1). In this rabbit model, they were able to pro-
duce an acute inflammatory response in CSF and 
to grow live bacteria within CSF [16]. In this 
model, they were also able to show the clinical 
features of TBM in rabbits, to identify granulo-
matous meningitis by histopathological examina-
tion, and to display the live mycobacteria in the 
other organs [16]. In that study, the mortality was 
observed after a follow-up period of 8 days [16]. 
Although this model mimicked many clinical and 
pathological features of TBM in humans, the pro-
gression of the disease was much faster when 
compared to the human TBM.  Related to this 
rapid course in this model in which acute menin-
gitis had developed, Tsenova et al. [16] reduced 
the concentration of intracranially injected M. 
bovis Ravenel and created a subacute TBM 
model. In this modified model, the clinical fea-
tures were manifested at the third week following 
inoculation, and on the 28th day, mortality or 
neurological disability occurred in almost all rab-
bits [16]. This model showed similarities to the 
acute model concerning the subjects of produc-
ing an inflammatory response and growing live 
bacilli in other organs [16]. Then, the investiga-
tors used the same model for assessment of the 
efficacy of a recombinant polypeptide vaccine, 
for showing the significance of TNF alpha in the 
progression of TBM, and for evaluation of poten-
tial roles of thalidomide and its analogues in the 
course of TBM [16].

By inoculating M. bovis Bacillus-Calmette 
Guerin Montreal via intracerebral injections in 
BALB/c and DBA/2 mice, Mazzolla et  al. [17] 
demonstrated that mononuclear cellular infiltration 
and microglial activation developed, mycobacteria 
grew, and the number of mycobacteria increased 
throughout 21 days following infection, in 2002 
(Table 39.1). Nevertheless, they did not discuss the 
clinical signs of the disease and the mortality rates 
in their report [17]. More recently, van Well et al. 
[18] developed a murine model for studying TBM 
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(Table 39.1). The virulent M. tuberculosis labora-
tory strain H37Rv was inoculated intracranially to 
the C57BL/6 mice. In this model, they showed that 
a neuroinflammatory response leading to lympho-
cytic infiltration around meninges and in perivascu-
lar areas was formed [18]. Besides, they were able 
to acquire the bacilli from the mouse brain homog-
enates, but not from the CSF [18]. They did not 
report any neurological sign of meningitis in their 
study and did not record any mortality within the 
24-week study period [18].

Olin et al. [19] inoculated intracerebrally the 
FVBN mice with the M. tuberculosis H37RV 
strain. Although an inflammatory infiltration was 
determined histopathologically, no mouse dis-
played the clinical features of the disease and 
none developed mortality [20]. Depending on the 
previously performed studies, Olin et  al. [19] 
considered that the murine model of TBM did not 
reflect the seriousness of the disease in humans 
and that inducible nitric oxide synthetase (iNOS), 
expressed by the active microglial cells, was its 
cause. Thus, they created a model by infecting 
the iNOS−/−mice by M. tuberculosis [19] (Table 
39.1). They demonstrated that severe clinical 
findings developed and granulomatous lesions 
containing TB bacilli were formed around the 
meninges in iNOS −/− mice in this model [19]. 
In healthy mice, however, these results were not 
present [19].

Since the immune system of pigs was very 
similar to that of humans, Rock et al. [20] devel-
oped a model of human TB in pigs, and they 
observed the development of TBM in some ani-
mals (Table 39.1). Nevertheless, this model was 
replaced by the murine model due to various 
implementation difficulties encountered while 
working with infected pigs. They were able to 
show significant lymphocytic infiltration around 
meninges and perivascular infiltration of the 
parenchyma following intracranial inoculation of 
M. tuberculosis H37Rv in FVB/N mice [20]. 
Also, they were able to determine the formation 
of granuloma inside the parenchyma and the 
presence of the bacilli inside the granuloma [20]. 
Nevertheless, they also did not observe any mor-
tality within the 3 months of the study [20], as did 
in the study of Well et al. [18].

Van Leeuwen et  al. [21] developed zebrafish 
model of M. marinum infection both to get more 
information about the role for early pathogenesis 
of Rich focus which is a characteristic feature in 
TBM and to get detailed information about early 
pathogenesis of TBM (Table 39.1). In this study, 
they regulated to define optimal inoculation ways 
(intraperitoneally, intravenously, and direct CNS 
injection) that caused to TBM at different matura-
tion phases of zebrafish [21] (Table 39.1). Firstly, 
in this model, it is analyzed if TBM grew in 
mature zebrafish or not [21]. The adult zebraf-
ishes that have the BBB and fully developed 
immune system were successfully infected to M. 
marinum that is a close relative of M. tuberculo-
sis. After 8  weeks’ time that a year-old zebraf-
ishes are infected with M. marinum, granuloma 
formation has been shown in abdominal organs of 
all fishes [21]. Granuloma formation in the brain 
and meninges which are closely related to each 
other has been determined for 5  in 26 fishes 
(approximately 20%) [21]. It has been seen that 
granulomas in the area, which affected the menin-
ges and submeningeal space, are multifocal, vari-
able sized (50–300  cm in diameter), and quite 
limited [21]. Although minimal lymphocytic 
inflammation and gliosis have been seen on brain 
tissue under meningeal granulomas, any clear 
infection has been observed on parenchyma [21]. 
There were uniform population of foamy macro-
phages and epithelioid on these granulomas and 
rarely accompanied by lymphocytes [21]. 
Congestion of brain parenchymal blood vessel 
and meninges has been seen around these granu-
lomas [21]. Briefly, granulomas formed on menin-
ges and brain that are related to each other after 
intraperitoneal infection on adult zebrafishes 
which have a full immune system. So, it is dem-
onstrated as a natural and representative model of 
zebrafish–M. marinum infection for TBM patho-
genesis study [21]. Afterward, they characterized 
the initial phases of zebrafish infection by using 
different routes of bacteria inoculation. After 
infection, on three different inoculation routes on 
zebrafish embryos, it has been seen bacterial infil-
tration and clustering of infected phagocyte 
(parenchyma, hindbrain ventricle, caudal vein) 
[21]. After local and systemic infection with the 
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formation of bacterial clusters, there has been a 
brain infection on most of zebrafish embryos 
which have an innate immunity [21]. All clusters 
were including a population that consisted of 
foamy macrophage and both mycobacterium and 
epithelioid [21]. These clusters weren’t affected 
because of the BBB. In an interesting way, no dif-
ferences were observed when embryos were 
infected before or after early formation of the 
BBB, and this indicated that bacteria can com-
paratively cross this barrier with high efficiency 
[21]. In 70% of the cases that are formed by infec-
tion via the bloodstream resulted in the formation 
of early granulomas in brain tissue [21]. Infiltrates 
were placed in the proximity of blood vessels in 
these zebrafish embryos [21].

One of the important virulence factors of both 
M. marinum and M. tuberculosis is ESX-1 locus. 
As a result of infection of embryos with an M. 
marinum ESX-1 mutant, small clusters and scat-
tered isolated phagocytes with high bacterial loads 
occurred on brain tissue [21]. This was also shown 
on former studies [26]. Nevertheless, on this study, 
it is indicated that bacterial migration wasn’t 
effected from bloodstream to brain parenchymal. 
In this study, it is indicated that zebrafish model is 
accessible and reproducible both to analyze early 
CNS granuloma formation pathogenesis and to 
describe the factors in this process. In addition, it 
is indicated that the formation of BBB didn’t have 
an effect on the early granuloma formation [21].

Its small size, the ease of breeding and genetic 
manipulation and the big similarities with the 
human immune system and BBB are the great 
advantages of zebrafishes. When combined with 
fluorescent tools, the transparency of the zebraf-
ish embryos could allow real-time imaging of 
host-pathogen interactions in infectious diseases, 
including TBM.

39.3.3	 �Study with Related Genes

Other investigators have described murine and 
animal models of TBM developing after adminis-
tration of M. tuberculosis into the CSF by direct 
intracisternal inoculation [16, 17, 19, 20]. 
However, TB of CNS in humans is the 

consequence of the passage of M. tuberculosis 
from blood to the CNS. Therefore, Be et al. [2] 
created IV challenge hematogenous spreading M. 
tuberculosis infection in Balb c mice to develop a 
murine model for investigating the invasion of 
CNS by M. tuberculosis and the genes which 
have roles in the pathogenesis of TB of CNS. They 
described the mycobacterial genes that were 
present in the pathogenesis of TB of CNS and 
absent in the lungs in this model, which was 
developed for investigating the CNS invasion [2]. 
M. tuberculosis genes Rv0311, Rv0805, 
Rv0931c, Rv0986, and MT3280 were identified 
as genes having specific roles in CNS invasion 
and for surviving there [2].

�Conclusion

In sum, the rabbit model has been the model 
that mimics the human disease most, if we 
look at the animal models developed for TBM 
until now. Although this model demonstrates 
the clinical and histological findings of the 
disease precisely, the lack of availability of 
some immunological tools in rabbit studies 
makes the ongoing trials for creating a murine 
model for TB of CNS worthwhile. Zebrafish 
model is especially suitable for characteriza-
tion of the early steps in the formation of brain 
granulomas, their immunological composi-
tion, and the effect of bacterial virulence fac-
tors in the context of TBM.  So far the 
pathogenesis of TB of CNS has not been fully 
understood yet, in spite of all conducted stud-
ies with in vitro and animal models. New stud-
ies with in  vitro and animal models are 
required concerning development, clinical 
course, prognosis, and therapeutic response of 
the disease.
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�Conclusion

Tuberculosis is one of the few infectious diseases 
that have resisted eradication despite the devel-
opment of many modern biologic and imaging 
diagnostic tools in addition to effective antituber-
culous drugs. Still widely spread around the 
world, neurotuberculosis is a complex and poten-
tially devastating disease especially in patients 
with neurological disabilities and in those diag-
nosed and treated tardily.

With these in mind, the aim of this richly illus-
trated book is to provide the reader with a frame 
of symptoms and signs of this particular infec-
tious disease in an effort to suspect and confirm 
the diagnosis of neurotuberculosis at the earliest 

stage and therefore prevent late effects on differ-
ent divisions of the central nervous system and its 
coverings.

Antituberculous therapy is the cornerstone of 
appropriate treatment for central nervous system 
tuberculosis. However, in many patients diagnosis 
remains under question, or medical regimens are 
not effective, and serious complications needing 
surgical intervention may occur. Finally, close 
coordination of care between neurosurgeons, neu-
rologists, biologists, radiologists, and infectious 
diseases consultants is increasingly important in 
the management of many patients harboring this 
complicated multifaceted problem.
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craniocervical dysjunction, retropharyngeal 

abscess, 202
intracanalar extension, 205
prevertebral cold abscess mimicking goitre, 206
spinal paraspinal TB abscess, 203
spondylitis, 198
thoracolumbar Pott’s disease, 198
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Spinal tuberculosis (cont.)
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management, 226
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histopathological features, 135
imaging, 128, 132
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chest radiography, 174
CT scan, 174, 175, 178, 182
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MRI, 175, 179, 181, 182
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indications, 183
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with standard anti-TB regimen, 185
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TBM. See Tuberculous meningitis (TBM)
TBRM. See Tuberculous radiculomyelitis (TBRM)
TCD. See Transcranial Doppler (TCD)
Thalamus, 97, 98
Thalidomide, 152
Thionamides, 394
Thoracolumbar tuberculous abscess, 453, 454
Thoracoscopic access, and exposure, 305, 306
Transcranial Doppler (TCD), 147
Transcription-mediated amplification, 368
Trigeminal nerves, 354, 355
Trochlear nerves, 353, 354
TS. See Tubercular spondylitis (TS)
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Tubercular abscess, 81, 87–89, 493
Tubercular spondylitis (TS)
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Tuberculin skin test (TST), 197, 370, 403
Tuberculoma, 36–39, 98, 99, 107–109, 164–166

clinical features, 512
extradural, 212, 213, 215
gross pathology, 38
infratentorial, 98, 99
intracranial, 6, 27, 96, 128, 258, 483, 532
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intraparenchymal, 352
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microscopic pathology, 38, 40
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outcomes of, 532, 533
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spinal cord
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medical treatment, 482, 483
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surgery, 483
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clinical features, 128–131
histopathological features, 135
imaging, 128, 132
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surgical decompression and fixation, 533, 534
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external jugular vein thrombosis, 343
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strategic management, 343
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Tuberculostearic acid, 372
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gross pathology, 41
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intracranial surgical procedures, 409
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with edema, 182, 183
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venous thrombosis, 407, 408
Tuberculous empyema, 77, 78
Tuberculous encephalopathy, 27, 45, 167
Tuberculous hydrocephalus, 423, 425
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ADA, 384
antibiotic therapy, 407
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brain parenchyma infection, 429
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clinical presentation, 503
complications, 43, 44, 316
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hyponatremia, 45, 46
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stroke, 45
tuberculous encephalopathy, 45
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cranial nerve involvement, 316
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CT scan, 502, 504
diagnosis, 328, 376, 500, 501
DST, 379–381
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gross pathology, 35, 36
hyaluronidase, 333
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Tuberculous meningitis (TBM) (cont.)
IGRA, 384
imaging findings, 158, 159

CT, 159
meningeal enhancement, 159
MRI, 159–162

infliximab, 333
interferon, 333
intracranial tuberculomas, 407, 409
laboratory diagnosis, 376, 501
LED microscopy, 377
lung infection, 429
matrix metalloproteinases, 327
medical management, 407
microscopic pathology, 36–38
mortality and morbidity, 500
MRI, 502, 504
Mycobacterium tuberculosis culture and 

identification, 379
NAATs, 382, 383
paradoxical reaction, 324, 328
pathology, 35, 43, 44, 474, 475

cranial neuropathies, 45
gross pathology, 35, 36
hydrocephalus, 44, 45
hyponatremia, 45, 46
microscopic pathology, 36–38
optochiasmatic arachnoiditis, 46
stroke, 45
tuberculous encephalopathy, 45
ventriculitis, 45

postoperative osteomyelitis, 407
presentation, 327, 328
prognosis, 333, 334
radiological presentation, 503, 514
regional lymph node infection, 429
Rich foci, 429
semi-automated liquid culture system,  

379, 380
smear microscopy, 377
sputum sample, 377
streptokinase, 332, 333
subdural space, 72, 73
thalidomide, 332
tuberculous granulomas, 405, 406
vascular complications

angiography, 146, 147
clinical features, 141, 142
computed tomography, 142
epidemiology, 140
histopathology, 150, 151
historical aspects, 140
management, 151, 152
molecular pathology, 151
MRI, 142–145
prognosis, 152
single-photon emission computed tomography, 

147
structural pathology, 150, 151

TCD, 147
venography, 147

visual complications, 500
visual involvement, 327
ZN light microscopy, 377

Tuberculous myelitis, 28, 235, 357
Tuberculous optochiasmatic arachnoiditis, 410
Tuberculous osteomyelitis, 413
Tuberculous radiculomyelitis (TBRM), 213, 503
Tuberculous spinal arachnoiditis, 237, 238
Tuberculous spondylitis, 27, 28, 355
Tuberculous syringomyelia, 238
Tuberculous vaccine, 4, 5
Tuberculous ventriculitis, 167
Tuberculous zone, 142
TYK2, 13, 15, 16, 19, 20

U
Ultrasonography (USG)

spinal tuberculosis, 448
tuberculosis-related peripheral neuropathy, 445

V
Vaccine, 4, 5
Vagus nerves, 355
Vascular complications, TBM

angiography, 146, 147
clinical features, 141, 142
computed tomography, 142
epidemiology, 140
histopathology, 150, 151
historical aspects, 140
management, 151, 152
molecular pathology, 151
MRI, 142–145
prognosis, 152
single-photon emission computed tomography, 147
structural pathology, 150, 151
TCD, 147
venography, 147

Vascular endothelial growth factor (VEGF), 151, 371
Vasculitis, 420, 421, 424, 512, 530
Venography, 143–145, 147
Ventricles, 120–122

clinical presentation, 123
diagnosis, 123, 124
pathophysiology, 120
treatment, 124, 125

Ventriculitis, 45, 167
Ventriculography, 443
Ventriculoscopy, 93
Vestibulocochlear nerves, 355
Video-assisted thoracic surgery (VATS), 286, 287

advantages, 310
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intraoperative complications, 311
for TS
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complications, 310, 311
contraindications, 302
debridement, 306–309
decompression, 306, 307
fusion, 306
general anesthesia, 303
history, 302
hypotensive anesthesia, 304
indications, 302
lateral decubitus positioning, patient, 304
lung adhesions, 305, 306
patient-required mini-thoracotomy, adhesiolysis, 

305, 306
postoperative care, 310
preoperative evaluation, 302, 303
prone positioning, 304
reconstruction, 306, 307, 309
thoracoscopic access and exposure, 305, 306

Vitamin deficiency, 342

W
Water-jet dissection approach, 433
Western blotting, 18, 49
Whole exome sequencing (WES) analysis, 15, 16

X
XDR-TBM. See Extensively drug-resistant tuberculosis 

(XDR-TBM)
Xpert MTB/RIF test, 369, 383, 514
X-rays, 14, 403, 427, 514, 534, 546, 547

anterior radical surgery, 282–284
basal ganglia, 97
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