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Abstract

Introduction: More than half of patients with central nervous system tuberculosis
(CNS TB) die or are left with severe neurological deficits despite receiving anti-TB
treatment. Aims of the study: This study examined risk factors associated with poor
response to initial treatment with four anti-TB drug regimens or three drug regimens
with steroids as adjuvant therapy. Methods: This study analyzed medical records
from two tertiary hospitals in Busan, Korea, between January 2009 and March 2012.
The subjects were non-human immunodeficiency virus (HIV)-infected patients aged
216 years with clinical CNS TB. The subjects were divided into two groups according
to response to treatment. Results: In totally, 52 patients with CNS TB were included.
Of these, 14 (26%) and 38 (73%) showed poor and good responses, respectively. Of
the patients with poor response, nine had stage III disease (64.3%) according to the
British Medical Research Council (BMRC) staging system. A significantly higher
proportion was seen in the good response group (p < 0.05). Patients with positive
cerebrospinal fluid (CSF) acid-fast bacillus (AFB) culture, positive sputum AFB cul-
ture, positive CSF TB polymerase chain reaction (PCR) results, and brain tubercu-
loma had poorer responses (p < 0.05). Multivariate analysis to determine risk factors
associated with poor response to anti-TB therapy revealed that a poor response was
associated with stage III clinical signs upon diagnosis (odds ratio [OR] 32.122; 95%
confidence interval [CI] 2.221 - 464.605), positive sputum AFB culture (OR 13.624;
95% CI 1.066 - 174.149), and tuberculoma on brain images (OR 45.714; 95% CI 1.893
- 1104.018). Conclusions: The results demonstrate the importance of identifying the
severity of CNS TB and promptly administering anti-TB drugs. It is necessary to
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perform drug susceptibility testing for anti-TB drugs. Further studies are needed to
confirm the correlations between risk factors associated with poor response and anti-
TB drug resistance and the other risk factors.
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1. Introduction

Central nervous system tuberculosis (CNS TB) begins with hematogenous spread of
Mpycobacterium tuberculosis from the primary pulmonary TB site, and eventually leads
to lesions in the brain and spinal cord. The timing and risk of developing symptoms
related to primary respiratory infections are associated with age and immune status.
Immunosuppressed adults, particularly those infected with human immunodeficiency
virus (HIV), are at high risk for CNS TB. And other risk factors include diabetes, ma-
lignancy, alcoholism, steroid therapy, and use of tumor necrosis factor (TNF)-blocking
agents [1] [2]. CNS TB causes death or severe neurologic disabilities in more than 50%
of the patients, despite administration of appropriate anti-TB drugs and adjuvant ste-
roid therapies [3]. Early initiation of effective anti-TB therapy plays the most critical
role in successful outcomes; however, many cases demonstrate a poor response even
when anti-TB therapy is administered [4]. There were a few studies about tuberculosis
related deaths and risk factors for treatment failure of tuberculosis. Fatality was related
to older age, disseminated disease, co-morbidity and social and geographical isolation
[5] [6]. But there was not study about factors including laboratory data and image
findings associated with poor response to tuberculosis treatment. The present study
aimed to determine the risk factors associated with poor response of non-HIV infected

patients despite initial treatment with anti-TB drugs and corticosteroids.

2. Materials and Methods
2.1. Study Area and Population

The present study was conducted in two tertiary university-affiliated hospitals with
more than 900 beds in Busan City, South Korea, from January 2009 to March 2012. The
incidence of TB in Busan City is the highest in the nation, at 86.9 per 100,000 popula-
tion (national average 72.4) in 2005, 95.5 per 100,000 population (national average
78.9) in 2011, and 93.6 per 100,000 population (national average 78.5) in 2012 [7]. A
study investigating multidrug-resistant TB in one tertiary hospital in Busan from 2005
to 2009, which did not participate in the present study, reported that 312 of 367 total
subjects were new cases (85.0%). In that study, 75 (20.4%) of the 367 patients were re-
sistant to at least one drug, and the prevalence of drug-resistant TB was significantly

higher in the group of previously treated patients (44 [14.1%] patients in the new case
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group vs. 31 [56.4%] patients in the previously treated group; p < 0.01). Isoniazid (INH)
resistance was most common (18.8%), followed by that of rifampin (RFP, 10.9%),
ethambutol (EMB, 7.1%), streptomycin (SM, 4.9%), and quinolone (2.7%) [8].

2.2. Data Collection Techniques

The present study was conducted retrospectively using medical records. The subjects
were non-HIV-infected patients aged 16 years or older with CNS TB. The diagnosis of
CNS TB was classified as confirmed or probable TB. Patients were defined as having
confirmed disease if clinical cerebrospinal fluid (CSF) or sputum specimens were posi-
tive for M. tuberculosis on culture, acid-fast bacilli (AFB) staining, or M. tuberculosis
polymerase chain reaction (PCR) assay. Patients were defined as having probable TB
when chest radiography images showed active lesions, there was response to anti-TB
therapy, or when CNS TB was clinically suspected. Patients were diagnosed at one of
the two hospitals, and patients were excluded if they had serologic evidence of HIV in-
fection, microbiological evidence of non-TB mycobacterial (NTM) infection, or incom-
plete medical records. Patients were also excluded if they showed a paradoxical re-
sponse during the course of treatment. Paradoxical response was defined as initial im-
provement after receiving anti-TB drugs and steroid treatments for at least two weeks,
followed by clinical or radiographic deterioration of lesions or development of new le-
sions. The demographic characteristics of the subjects included sex, age, history of pre-
viously treated tuberculous condition, classification of confirmed or probable diagnosis,
and comorbid diseases (diabetes, chronic liver disease, malignancy, heart failure). Clin-
ical signs were assessed according to the Modified British Medical Research Council
(BMRC) staging system [4]. Symptoms such as headache for more than one week, nau-
sea, vomiting, fever, altered consciousness, seizures, and neurologic abnormalities were
examined. Laboratory assessments included CSF examination (opening pressure, leu-
kocytes with differentiation, protein level, glucose ratio, lactate dehydrogenase [LDH]
level, adenosine deaminase [ADA] level), serum leukocyte count, and c-reactive protein
[CRP] level. Poor response to initial treatment was defined as clinical or radiographic
deterioration without improvement for two months after initiation of treatment or de-
velopment of new lesions without improvement within two months of treatment initia-
tion. During these two months, TB culture and anti-TB drug susceptibility test results
become identifiable; thus, response to initial treatment could be compared between pa-
tients treated with the same anti-TB drugs before switching drugs. The initial treatment
began with a four-drug regimen of INH (5 mg/kg), RFP (10 mg/kg), EMB (25 mg/kg),
and pyrazinamide (PZA, 15 - 20 mg/kg) or a three-drug regimen (INH, RFP, EMB)
plus dexamethasone (0.4 mg/kg/24hours). The presence of TB in non-CNS sites in-
cluding the lungs, extrathoracic lymph nodes, skeletal system, heart, liver, and spleen

was also examined.

2.3. Analysis

Statistical analysis was performed using IBM SPSS Statistics for Windows, version 23.0
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(IBM Corp., Armonk, NY, USA). Correlations between categorical variables were eva-
luated using Fisher’s exact test, and continuous variables were evaluated using Student’s
t-test. Independent predictors of poor response were analyzed using logistic regression

analysis, and a p-value less than 0.05 was considered statistically significant.

2.4. Ethics Statement

This study was approved by the Institutional Review Board of Kosin University Gospel
Hospital.

3. Results

3.1. Demographic and Clinical Characteristics of Patients with Central
Nervous System Tuberculosis

During the 39-month study period, 52 patients with CNS TB were included in the
analysis. Baseline clinical characteristics were compared in those with good or poor re-
sponse to initial treatment. Of these 52 patients, 14 (26%) showed a poor response,
while 38 (73%) showed a good response. The mean age (tstandard deviation) of all
subjects was 46.1 + 17.4 years. The mean age of those with a good response was 46.1 +
16.8 years, higher than the 45.9 * 19.6 years for those in the poor response group, but
the difference was not statistically significant (p = 0.98). In terms of clinical symptoms
that were evaluated upon diagnosis and initiation of treatment, in accordance with the
Modified BMRC staging system, nine patients (64.3%) in the poor response group had
stage III disease, with a higher proportion of patients with severe clinical symptoms;
this difference was statistically significant (p < 0.05). When the presence or absence of
TB in non-CNS sites such as the lungs, extrathoracic lymph nodes, skeletal system,
heart, liver, and spleen in addition to CNS TB was examined, 2.1 £ 0.6 involved sites
were identified in the good response group, which was significantly higher than that for
the poor response group (1.4 + 0.6; p < 0.05). Comorbidity with CNS TB was identified
in 14 subjects, with the lungs being the most common site of involvement (nine sub-
jects, 60%). Of 14 subjects with a poor response, five had lung involvement, two of
whom had miliary TB. The remaining sites of involvement were the extrapulmonary
lymph nodes (four subjects, 26.6%) and liver (one subject, 7.1%). The study population
consisted of 30 men (57.29%) and 22 women (42.31%). Poor response was significantly
associated with female sex and confirmed diagnosis (p < 0.05). In addition, no statistic-
al significance was found between patients receiving four-drug or three-drug regimens
for treatment of CNS TB. The mean treatment durations in the good and poor response
groups were 14.8 £ 6.4 (median months + SD) and 14.2 + 11.5 months, respectively, a

difference that was not statistically significant (Table 1).

3.2. Laboratory Data and Brain Imaging of Patients with Central
Nervous System Tuberculosis

Comparative analysis for accompanying constitutional symptoms, underlying disease,

CSF opening pressure, white blood cell (WBC) count, lymphocyte count, protein level,
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Table 1. Demographic and clinical characteristics of patients with central nervous system tuber-

culosis with good and poor response to initial treatment.

Age, mean years + SD

Sex (Female), number (%)

Prior TB therapy

None, number (%)
Previous TB therapy, number (%)

Diagnosis

Confirmed, number (%)
Probable, number (%)
BMRC severity grade*
I, number (%)
1L, number (%)
III, number (%)

Constitutional symptoms, mean + SD
Headache, number (%)
Nausea/vomiting, number (%)
Fever, number (%)

Loss of consciousness, number (%)

Underlying disease, mean + SD
DM, number (%)

Heart failure, number (%)
Chronic liver disease, number (%)
Malignancy, number (%)

Comorbidity, mean + SD
Lung, number (%)
Extrapulmonary lymph node, number (%)
Liver, number (%)

TB treatment regimen
Four-drug
Three-drug

Duration of therapy, median months + SD

46.1 +16.8

12 (31.6%)

38 (100%)

0

6 (15.8%)

32 (84.2%)

28 (73.7%)
6 (15.8%)
4 (10.5%)
22+1.1

32 (84.2%)
16 (42.1%)
18 (47.3%)
4(10.5%)
0.5+0.8
11 (28.9%)
2 (5.2%)
1(2.6%)
1 (2.6%)
21+0.6
4 (10.5%)
1(2.6%)

0

30 (78.9%)
8 (21.1%)

148 £ 6.4

Good response (n = 38) Poor response (n = 14)

459 +19.6

10 (71.4%)

11 (78.6%)

3 (21.4%)

10 (71.4%)

4 (28.6%)

2 (14.3%)
3 (21.4%)
9 (64.3%)
2.2+0.9
10 (71.4%)
4 (28.5%)
7 (50.0%)
9 (64.2%)
04+0.6
2 (14.2%)
1(7.1%)
0
1(7.1%)
1.4+0.6
5 (35.7%)
3 (21.4%)

1(7.1%)

10 (71.4%)
4 (28.6%)

142 £11.5

p-value

0.98

0.01

0.003

0.00

0.00

0.87

0.48

0.00

0.57

0.84

TB, tuberculosis; DM, diabetes mellitus. *The modified British Medical Research Council clinical criteria for tuber-
culous meningitis severity; Grade I, alert and orientated without focal neurological deficit; Grade II, Glasgow coma

score 14 - 10 with or without focal neurological deficit or Glasgow coma score 15 with focal neurological deficit;

Grade III, Glasgow coma score less than 10 with or without focal neurological deficit.
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glucose ratio, LDH level, and ADA level showed no statistical significance (p > 0.05)
between the two groups. Patients with positive CSF AFB culture, positive sputum AFB
culture, positive CSF TB PCR assay findings and tuberculoma formation on brain im-
aging showed a poorer response compared with the remaining subjects (p < 0.05). Pa-
tients without tuberculoma on brain imaging, those with basal meningeal enhancement

or hydrocephalus, and normal patients were included in the comparison (Table 2).

3.3. Final Outcomes of the 14 Patients with Poor Response

The final outcomes of 14 patients with poor response included seven deaths (50.0%),
five cases of residual paresis (35.7%), and two cases lost to follow-up (14.2%) (Table 3).

3.4. Risk Factors Associated with Poor Response to Initial Anti
Tuberculosis Therapy

In order to determine the risk factors associated with poor response to initial anti-TB
therapy, multivariate analysis was performed using binary logistic regression analysis.
The risk factors associated with poor response to initial anti-TB therapy included the
stage of clinical signs upon diagnosis and initiation of treatment (stage III, odds ratio
[OR] 32.122; 95% CI 2.221 - 464.605), positive sputum AFB culture (OR 13.624; 95% CI
1.066 - 174.149), and tuberculoma on brain images (odds ratio 45.714; 95% CI 1.893 -
1104.018) (Table 4).

Table 2. Laboratory data and brain image findings of patients with central nervous system tu-
berculosis with good and poor response to initial treatment.

Good response (n = 38) Poor response (n =14)  p-value

CSF AFB culture-positive, number (%) 2 (5%) 6 (42%) 0.001
Sputum AFB culture-positive, number (%) 4 (10.5%) 10 (71.4%) 0.00
CSF TB PCR-positive, number (%) 4 (10.5%) 7 (50.0%) 0.002
CSF pressure, mean pr. mmHg + SD 221 +74 241 £ 136 0.54
CSF WBC, mean cells/uL + SD 445 £ 505 229 + 360 0.16
CSF lymphocytes, mean cells/mL + SD 81.1 £20.6 62.5+34.1 0.08
CSF protein, mean mg/dL + SD 199 + 135 378 £ 482 0.21
CSF glucose/blood glucose ratio + SD 0.39+£0.11 0.34 £0.21 0.45
CSF LDH, mean amount IU/L £ SD 82.0 +37.7 323.3+677.9 0.24
CSF ADA, mean amount IU/L + SD 8.7 £6.2 16.4 +£21.7 0.28
Serum WBC count, mean cells/uL + SD 8654 + 3698 7957 £ 2904 0.53
Serum HS-CRP, mean amount mg/dL + SD 3.0+5.1 75+11.8 0.21
Brain image 0.02
Tuberculoma formation, number (%) 2 (5.3%) 4 (28.6%)

Basal meningeal enhancement, number (%) 12 (31.5%) 5(35.7%)

Hydrocephalus, number (%) 3 (7.9%) 2 (14.2%)

Normal, number (%) 21 (55.3%) 3 (21.4%)

CSF, cerebrospinal fluid; AFB, acid-fast bacilli; PCR, polymerase chain reaction; ADA, adenosine deaminase activity.
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Table 3. Final outcomes of 14 patients with poor response.

Characteristics Number (%) of patients with poor response
Death 7 (50.0%)
Residual paresis 5 (35.7%)
Loss to follow up 2 (14.2%)

Table 4. Factors associated with poor response to initial anti-tuberculosis therapy.

OR (95% CI) p-value AOR (95% CI) p-value
Sex (female) 5.42 (1.409 - 20.816) 0.01
Diagnosis (confirmed) 13.33 (3.125 - 56.887) 0.00
Stage of clinical signs (III) ~ 15.30 (3.393 to 68.992) 0.00 32.122 (2.221 to 464.605) 0.01

CSF AFB culture-positive 13.50 (2.290 - 79.592) 0.001 11.664 (0.683 to 199.292) 0.09

Sputum AFB culture-positive 21.25 (4.488 - 100.615) 0.00 13.624 (1.066 to 174.149) 0.04
CSF TB PCR-positive 8.50 (1.948 - 37.094) 0.002
Tuberculoma in brain image ~ 7.20 (1.148 - 45.167) 0.02 45.714 (1.893 to 1104.018) 0.01

CSF, cerebrospinal fluid; AFB, acid-fast bacilli; TB, tuberculosis; PCR, polymerase chain reaction; OR, unadjusted
odds ratio; AOR, adjusted odds ratio.

3.5. Drug Susceptibility Testing

This study was a retrospective analysis and anti-TB drug susceptibility was not assessed
in all subjects at the time of acceptance of report on positive TB cultures. Drug suscep-
tibility testing was conducted for only three (37%) of eight patients with CSF culture-
positive findings and five (35%) of 14 patients with sputum AFB culture-positive find-
ings. Of the eight conducted drug susceptibility testing, only one (12.5%) was resistant
to INH, seven were sensitive to all anti tuberculosis drugs including INH, RFP, EMB
and PZA. This patient also showed a sputum AFB culture-positive result and died one
month after diagnosis despite administration of a four-drug anti-TB regimen and ste-

roid treatment.

4. Discussion

Anti-TB drug and steroid treatments increase survival rates of patients with CNS TB. In
the present study, we examined factors associated with poor response despite adminis-
tration of four-drug anti-TB regimens or three-drug anti-TB regimens with steroid
treatment. Univariate analysis revealed that female, confirmed diagnosis, and CSF AFB
culture-positive findings were associated with poor response, whereas these factors
were not significantly associated in multivariate analysis.

The results of multivariate analysis revealed that stage III BMRC severity grade of
clinical signs upon diagnosis, AFB culture-positive sputum, and tuberculoma on brain
images were independent risk factors of poor response.

The results of the present study indicate that the most important factor affecting
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treatment outcomes such as mortality and neurologic sequelae was the disease stage
based on the severity of clinical symptoms at diagnosis and treatment initiation. If
treatment is initiated in stage I, patient mortality and morbidity rates are very low; if
treatment is initiated in stage III, 50% of patients with low Glasgow coma scores or
neurological deficits die or are left with some degree of neurological deficit [9]. There-
fore, when CNS TB is suspected, prompt diagnosis and treatment initiation for patients
with mild disease state may be the most beneficial to ensure a good prognosis.

In addition, all patients included in the present study were treated equally with four-
or three-drug regimens from the initiation of this study for two months. The outcomes
were compared at two months; thus, anti-TB drug resistance may have also affected the
outcomes.

The incidence of anti-TB drug resistance is reportedly lower in patients with extra-
pulmonary TB than in patients with pulmonary TB [10]; however, other studies have
reported that the incidence of anti-TB drug resistance in patients with extrapulmonary
TB is similar to that in patients with pulmonary TB [11]. A 2011 study on anti-TB drug
resistance in patients with extrapulmonary TB conducted in a university hospital re-
ported 8.9% and 1.8% incidences of resistance to at least one anti-TB drug and multi-
drug resistance, respectively [12]; these rates are similar or slightly lower than those for
the total population of South Korea [13]. In our study, the incidence of drug resistance
in patients who were tested for anti-TB drug resistance was found to 12.5%; this rate is
similar to that in South Korean patients with drug-resistant TB, but not to the inci-
dence of multidrug resistance in patients with extrapulmonary TB [13]. Among first-
line anti-TB drugs, INH plays the most important role in the treatment of TB meningi-
tis owing to its rapid activity and excellent penetration into CSF [14]. Therefore, the
presence or absence of INH resistance may affect patient outcomes. Correlations be-
tween the incidence of INH resistance and laboratory data and brain images should also
be considered. For example, a study by Duo ef al found a relatively high incidence of
INH resistance and poorer outcomes following anti-TB drug treatment in patients with
TB meningitis who were CSF PCR-positive [15]. A study by Vinnard et al reported that
INH resistance was associated with mortality in patients with TB meningitis with M.
tuberculosis-positive CSF cultures. The Center for Disease Control and Prevention
states that INH resistance is a strong factor predictive of death in patients with TB me-
ningitis [16]. Though, this study was a retrospective analysis, not all factors were con-
trolled and anti-TB drug susceptibility was not assessed in all subjects. Because in this
study anti TB drug susceptibility testing was conducted for only a few patients, the rela-
tion between anti-TB drug susceptibility and laboratory data could not be studied in
detail. Therefore, further studies on anti-TB drug resistance in patients with CNS TB
are needed. In this study, positive sputum AFB cultures and tuberculoma on brain im-
ages were also identified as risk factors of poorer outcomes in multivariate analysis in
this study. In addition, disease outcome and prognosis may be affected by patient age,
nutritional status, presence of miliary disease, and underlying diseases. However, the

present study found no significant association with these variables, likely due to the
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small number of patients included in this study, which increased the potential for errors
in interpreting the results of the analysis. Another limitation was the possibility of poor
patient compliance. Because the present study was a retrospective study based on med-
ical records, it was not possible to accurately assess differences in patient compliance to

anti-TB drug treatment regimens.

5. Conclusion

Although CNS TB can have serious consequences, few studies have assessed outcomes
or drug resistance in these patients or have compared them to those for patients with
pulmonary TB. In areas where TB is prevalent, it is critical to identify severity in pa-
tients with CNS TB, according to consciousness and degree of neurological deficit, and
to start prompt anti-TB drug treatment. In addition, specimens for microbiological di-
agnosis should be obtained and drug susceptibility testing for anti-TB drugs should be
performed. It might also be necessary to switch drugs based on drug resistance deter-
mined while evaluating therapeutic response. CSF nucleic acid amplification tests
should be conducted for all patients with suspected CNS TB, and subsequent molecular
drug susceptibility tests may be useful for determining the prognosis of patients with
positive findings. Based on the results of the present study, further studies are necessary
to determine the associations between risk factors for therapeutic response and anti-TB
drug resistance, as well as differences in outcomes according to baseline characteristics
in patients with CNS TB.
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