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ABSTRACT: 

Background: Tuberculosis (TB) remains an important and evolving health problem 
worldwide. Acute respiratory failure, the most severe form of pulmonary tuberculosis, 
is associated with a high mortality rate. Adjunctive corticosteroid therapy has been 
reported as an effective treatment in extrapulmonary TB. The aim of this study was to 
investigate the effect of adjunctive corticosteroid therapy on outcomes in pulmonary 
tuberculosis patients with acute respiratory failure.

Methods: This retrospective cohort study enrolled newly diagnosed pulmonary 
tuberculosis patients with acute respiratory failure who were admitted to Siriraj Hospi-
tal (Bangkok, Thailand) during January 2011 to December 2013. Patients that received 
corticosteroid as an adjunctive treatment for pulmonary TB were assigned to the 
steroid group. The control group consisted of patients that did not receive corticoste-
roid. Collected data included age, gender, body mass index (BMI), Acute Physiology 
and Chronic Health Evaluation II (APACHE II) scores, sequential organ failure assess-
ment (SOFA) scores, vital signs, PaO2/FiO2 ratio, chest X-ray abnormality pattern, and 
TB treatment strategies, including antituberculosis agents and adjunct corticosteroid 
treatment. The primary outcome was hospital mortality rate. The secondary outcomes 
were hospital length of stay and duration of mechanical ventilation.

Results: Thirty-eight patients were included. There were 18 patients in the steroid 
group and 20 in the control group. No significant difference was observed between 
groups for age, gender, BMI, APACHE II score, vital signs, or PaO2/FiO2 ratio. Patients in 
the steroid group had a significantly higher mean SOFA score than controls (5.7±4.5 vs. 
3.3±2.6, respectively; p=0.046). Almost all patients in this study (97.1%) had positive 
culture for M. tuberculosis from sputum. The mean corticosteroid dose was equivalent 
to hydrocortisone 329.7±146.0 mg/day. Patients in the steroid group had higher hospi-
tal mortality than control group patients, but the difference did not achieve statistical 
significance (66.7% vs. 45.0%, respectively; p=0.21). Adjunctive corticosteroid therapy 
did not significantly reduce hospital length of stay or duration of mechanical ventila-
tion when compared between the steroid and control groups (12.0±13.3 vs. 14.6±19.3 
days, respectively; p=0.636 and 7.2±10.6 vs. 8.0±8.3 days, respectively; p=0.801).

Conclusion: Adjunctive corticosteroid therapy had no significant positive effect on 
outcomes in pulmonary tuberculosis patients with acute respiratory failure.
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KEY MESSAGES: 
•	 Acute respiratory failure due to pulmonary tuberculosis 

is associated with a high mortality rate.
•	 Adjunctive corticosteroid therapy has been proposed as 

an effective treatment in extrapulmonary TB.
•	 The result of this study showed that adjunctive cortico-

steroid had no benefit on outcomes in pulmonary TB 
with acute respiratory failure patients.

INTRODUCTION

Tuberculosis (TB) remains an important and evolving health 
problem worldwide. Globally in 2015, there were 1.4 million 
new TB cases, and 1.8 million TB-related deaths. Thailand is 
one of the highest TB-burdened countries in the world, with 
an estimated 172 new patients per 100,000 population per year, 
and 13% of these patients have HIV coinfection. The estimated 
mortality of TB patients with and without HIV coinfection in 
Thailand was reported to be 8 and 12 per 100,000 population 
per year, respectively [1].
	 More than 80% of TB patients have pulmonary involvement, 
and the most common reason for ICU admission among pul-
monary TB patients is acute respiratory failure [2,3]. Acute  
respiratory failure, including acute respiratory distress syn-
drome (ARDS), has been reported among 1.5%-18.9% of hospi-
talized TB patients [4-6]. Mortality among TB patients with acute  
respiratory failure was reported to range from 62.5% to 81.0% 
[2,7-9].
	 Given their anti-inflammatory activity, corticosteroids have 
been reported as an effective adjuvant therapy for extra- 
pulmonary TB, including tuberculous meningitis and tuber-
culous pericarditis [10-15]. Data from a recent randomized 
controlled trial and meta-analysis support the use of steroid to 
improve outcome in ARDS patients [16,17]. However, whether 
or not corticosteroid therapy can improve the outcome of pul-
monary TB patients with acute respiratory failure has not been 
established. Accordingly, the aim of this study was to investigate 
the effect of adjunctive corticosteroid therapy on outcomes in 
pulmonary tuberculosis patients with acute respiratory failure.

METHODS

This retrospective cohort study enrolled newly diagnosed pul-
monary tuberculosis patients with acute respiratory failure who 
were admitted to Siriraj Hospital (Bangkok, Thailand) during 1 
January 2011 to 31 December 2013. Siriraj Hospital is Thailand’s 
largest national tertiary referral center. The study protocol was 
reviewed and approved by the Siriraj Institutional Review Board 
(SIRB), Faculty of Medicine Siriraj Hospital, Mahidol University, 
Bangkok, Thailand [COA no. 072/2557 (EC3)]. The informed 
consent was not obtained due to retrospective study nature. 
The authors declared that the patient’s personal data have been  
secured.
	 Tuberculosis was diagnosed according to World Health 
Organization (WHO) definition, which includes identification 
of Mycobacterium tuberculosis complex from either sputum or 
bronchoalveolar lavage (BAL) fluid specimen, either by culture 
or by positive acid-fast bacilli (AFB) stain, with subsequent con-
firmation of M. tuberculosis by polymerase chain reaction (PCR) 
[18]. Diagnosis should be based on at least one specimen with 
confirmed presence of M. tuberculosis, followed by a decision to 
treat with a full course of anti-TB drugs [19]. Disseminated TB 
is defined as tuberculous infection involving the blood stream, 
bone marrow, liver, miliary TB, or 2 or more noncontiguous sites 
[20-22].
	 Smear-positive pulmonary TB was defined as at least 2 
sputum smears positive for AFB, or one sputum smear positive 
for AFB with radiographic abnormalities compatible with active 
pulmonary TB determined by a clinician, or sputum culture pos-
itive for M. tuberculosis. 

	 Smear-negative pulmonary TB was defined as sputum smear 
negative for AFB, but sputum culture positive for M. tuberculo-
sis.
	 Respiratory failure was defined as a patient who required en-
dotracheal intubation and mechanical ventilation.
	 We excluded patients aged less than 16 years, those diag-
nosed with pulmonary TB prior to hospital admission, patients 
that did not require mechanical ventilation, and cases with an 
insufficient amount of available information.

Data Collection

Collected data included age, gender, body mass index (BMI), 
Acute Physiology and Chronic Health Evaluation II (APACHE 
II) scores, sequential organ failure assessment (SOFA) scores, 
vital signs, PaO2/FiO2 ratio, chest X-ray abnormality pattern, 
and TB treatment strategies, including antituberculosis agents 
and adjunct corticosteroid treatment. Patients that received cor-
ticosteroid as an adjunctive treatment for pulmonary TB were 
assigned to the steroid group. The control group consisted of 
patients that did not receive corticosteroid. 
 
Study Outcomes

The primary outcome was hospital mortality rate. The sec-
ondary outcomes were hospital length of stay and duration 
of mechanical ventilation.

Statistical Analysis

Demographic data were interpreted using descriptive statis-
tics. Continuous variables are expressed as mean ± standard 
deviation, and categorical variables are presented as number 
and percentage. Student’s t-test or Mann-Whitney U test was 
used to compare continuous variables between groups, and 
chi-square test or Fisher’s exact test was used to compare 
categorical variables. We did not perform sample size calcu-
lation due to limitation of information about mortality rate 
of acute respiratory failure associated with pulmonary tuber-
culosis among those who receive and did not receive steroid 
treatment. All statistical analyses were performed using the 
Statistical Package for the Social Sciences version 20 (SPSS, 
Inc., Chicago, IL, USA). A two-tailed p-value less than 0.05 
was regarded as being statistically significant.
							     
RESULTS 

One hundred newly diagnosed pulmonary TB patients were 
admitted to our center during the January 2011 to December 
2013 study period. Forty-two of those had acute respiratory 
failure and required mechanical ventilation. Four of those 42 
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patients were excluded due to a lack of necessary information. 
The remaining 38 patients were included in the final analysis. 
Eighteen patients received adjunctive corticosteroid therapy 
(steroid group), and 20 patients did not receive adjunctive corti-
costeroid therapy (control group) (Figure 1).
	 The baseline characteristics of both groups are shown in Table 
1. There were no significant differences between groups relative 
to age, gender, BMI, APACHE II score, vital signs, or PaO2/FiO2 
ratio. The average PaO2/FiO2 ratio was 187.8±107.4 in the ste-
roid group, and 245.9±106.4 in the control group (p=0.128). Pa-
tients in steroid group had a higher SOFA score than patients in 
the control group (5.7±4.5 vs. 3.3±2.6; p= 0.046). 
	 Treatment strategies and patterns of chest X-ray abnormalities 
are shown in Table 1. There was no significant difference between  
groups relative to the proportion of patients who received com-
bination therapy of isoniazid plus rifampicin (77.8% in steroid 
group vs. 85.0% in control group; p=0.687). Regarding chest X-ray 
abnormality patterns, most patients had pulmonary infiltration 
at the upper lobe (72.2% in steroid group vs. 70.0% in control 
group; p=0.880). The incidence of miliary pattern of pulmonary 
infiltration was higher in the steroid group, but not significantly 
so (38.9% in steroid group vs. 15.0% in control group; p=0.144). 
Multilobar pulmonary involvement was found in 55.6% of 
patients in the steroid group, and in 65.0% of those in the control 
group (p=0.741). More than three-quarters of patients (81.2%) in 
each group met the diagnostic criteria for ARDS.

Figure 1. Flow diagram of the study protocol

Confirmation test for diagnosis of pulmonary TB 

Almost all patients in this study (97.1%) had positive culture for 
M. tuberculosis from sputum. Three-quarters (74.3%) of all pa-
tients had positive sputum smear for AFB stain. A majority of 
patients (88.6%) had positive PCR for M. tuberculosis from spu-
tum, and 5.7% of patients had positive PCR for M. tuberculosis 
from BAL.

Corticosteroid Treatment

Almost half of pulmonary TB patients (47.4%) received corti-
costeroids as an adjunctive treatment. The mean corticosteroid 
dose was equivalent to hydrocortisone 329.7±146.0 mg per day. 
The decision to prescribe corticosteroids was made at the discre-
tion of the attending physician. 

Outcomes

Treatment outcomes are shown in Table 2. Patients in the ste-
roid group had higher hospital mortality than control group 
patients, but the difference did not achieve statistical signifi-
cance (66.7% vs. 45.0%, respectively; p=0.21). Adjunctive cor-
ticosteroid therapy did not significantly reduce hospital length 
of stay or duration of mechanical ventilation when com-
pared between the steroid and control groups (12.0±13.3 vs. 
14.6±19.3 days, respectively; p=0.636 and 7.2±10.6 vs. 8.0±8.3 
days, respectively; p=0.801).

DISCUSSION

The results of this study demonstrated that newly diagnosed 
pulmonary tuberculosis associated with acute respiratory fail-
ure is a serious and often fatal condition. The hospital mortality 
rate in this study was 55%. The administration of corticosteroid, 
aiming to reduce the inflammatory process that caused lung in-
jury, was unable to improve patient outcomes.   
Acute respiratory failure is the most common reason for ICU 
admission among newly diagnosed Mycobacterium tuberculo-
sis-infected patients, and is associated with a high mortality rate 
ranging from 62.5% to 81.0% [2,7-9]. The reported predictive 
factors for the development of acute respiratory failure among 
pulmonary TB patients include HIV coinfection, large number 
of acid-fast bacilli on sputum smear, and delayed administra-
tion of antituberculosis agents [23].
	 Although first-line antituberculosis drugs are effective for 
the treatment of pulmonary TB, a worsening of respiratory 
symptoms may occur in some pulmonary TB patients after the 
initial phase of anti-TB treatment. This phenomenon is termed 
paradoxical reaction [24-26]. A possible explanation for this 
phenomenon is immunologic restoration, which can lead to 
the development of new inflammatory lesions. Corticosteroids 
have been associated with reduced risk of death and disability 
in tuberculous meningitis [11,12], decreased amount and rate 
of reaccumulation of tuberculous pericardial effusion [13,14], 
and faster resolution of pleural effusion in tuberculous pleuritic 
[15].
	 In prior study, pulmonary tuberculosis patients who received 
corticosteroid therapy had a lower mortality rate than those 
who did not receive corticosteroid therapy (56.7% vs. 77.8%; 
p=0.046); however, the duration of mechanical ventilation was 
not significantly different between groups [27]. Another study 
reported that corticosteroids could be effective for reducing 
mortality in all forms of tuberculosis, including pulmonary 
tuberculosis [28]. In contrast, data from a systematic review 
revealed that adjunctive corticosteroid therapy did not reduce 
mortality in patients with pulmonary tuberculosis [29]. 
	 In the present study, we included only pulmonary tubercu-
losis patients who required mechanical ventilation and found 
that patients who received adjunctive corticosteroid therapy 
had higher hospital mortality than those who did not receive 
corticosteroids, but the difference did not achieve statistical 
significance (66.7% vs. 45.0%; p=0.21). Moreover, adjunctive 
corticosteroid therapy could not reduce hospital length of stay 
(12.0±13.3 days in patients who received corticosteroids vs. 
14.6±19.3 days in those who did not received corticosteroids; 
p=0.636), or duration of mechanical ventilation (7.2±10.6 days 
in patients who received corticosteroids vs. 8.0±8.3 days in 
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Patient characteristics Control group
(n=20)

Steroid group
(n=18) p-value

Age (years), mean±SD 51.1±16.5 42.3±16.2 0.104
Male, n (%) 15 (75.0%) 12 (66.7%) 0.724
BMI (kg/m2), mean±SD 16.9±3.2 18.9±4.3 0.198
APACHE II score, mean±SD 15.3±7.9 18.9±9.2 0.198
SOFA score, mean±SD 3.3±2.6 5.7±4.5 0.046
PaO2/FiO2 ratio, mean±SD 245.9±106.4 187.8±107.4 0.128
MAP (mmHg), mean±SD 70.2±25.8 63.9±19.1 0.421
Temperature (oC), mean±SD 38.5±1.4 38.6±1.7 0.852
Respiratory rate (/min), mean±SD 30.4±7.8 28.9±7.3 0.574
Heart rate (/min), mean±SD 114.7±23.8 120.5±25.7 0.493
Chest X-ray abnormalities, n (%) 0.714
  -Multilobar infiltration (≥2 lobes) 13 (65.0%) 10 (55.6%)
  -Miliary pattern 3 (15.0%) 7 (38.9%)
  -Upper lobe infiltration 3 (15.0%) 0 (0%)
  -Cavity lesion 1 (5.0%) 1 (5.6%)
Received isoniazid + rifampicin, n (%) 17 (85.0%) 14 (77.8%) 0.687
A p-value less than 0.05 indicates statistical significance

Abbreviations: TB, tuberculosis; SD, standard deviation; BMI, body mass index; APACHE II score, Acute Physiology and Chronic Health Evaluation II score; 
SOFA score, Sequential Organ Failure Assessment score; MAP, mean arterial pressure

Table 1. Baseline characteristics of pulmonary TB patients with acute respiratory failure

Table 2. Treatment outcomes of pulmonary TB patients with acute respiratory failure

Table 3. Summary of the study’s population and mortality outcome among corticosteroid and non-corticosteroid treatment for 
pulmonary tuberculosis

Patient outcome Control group
(n=20)

Steroid group
(n=18)

Odd ratio 
(95% confidence interval) p-value

Primary outcome, n (%)
  -Hospital mortality 9 (45.0%) 12 (66.7%) 1.48 (0.69-3.92) 0.210
Secondary outcomes (day), mean±SD
  -Hospital length of stay 14.6±19.3 12.0±13.3 0.636
  -Duration of mechanical ven-
tilation

8.0±8.3 7.2±10.6 0.801

A p-value less than 0.05 indicates statistical significance

Study Population Treatments Outcomes
(Corticosteroid vs non-corticosteroid)

Kim YJ. 2008 (28)
Observation

Pulmonary TB with acute 
respiratory failure

Corticosteroid n=30
Non-corticosteroid n=36

Hospital mortality 56.7% vs 77.8%

Miliary TB Corticosteroid n=14
Non-corticosteroid n=10

Hospital mortality 50% vs 70%
OR 0.54 (95%CI 0.42-0.67), P=0.001

Critchley J. 2013 (29)
Meta-analysis

Pulmonary TB Corticosteroid n=2,175
Non-corticosteroid n=1,641

Overall mortality 0.016% vs 0.027%
Risk ratio 0.77 (95%CI 0.51-1.15), P=0.2

Yang JY.
2016 (30)
Retrospective study

Pulmonary TB with acute 
respiratory failure

Corticosteroid n=70
Non-corticosteroid n=54

90 days mortality 48.6% vs 50.0%
Adjusted OR 0.47 (95%CI 0.22-0.98), P=0.049

Tongyoo S.
2021 Retrospective study 

Pulmonary TB with acute 
respiratory failure

Corticosteroid n=20
Non-corticosteroid n=18

Hospital mortality 66.7% vs 45%
OR 1.48 (95%CI 0.69-3.92), P=0.21
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those who did not received corticosteroids; p=0.801). There was 
no significant difference in baseline characteristics, antitubercu-
losis treatment, or patterns of chest X-ray abnormalities between 
groups, except for the mean SOFA score, which was significantly 
higher in the steroid group (p=0.046). The higher SOFA score 
predicted higher mortality among patients in the steroid group, 
which probably did not associate with steroid receiving itself.
	 A recent cohort study from South Korea designed to inves-
tigate the role of corticosteroids in critically ill pulmonary tu-
berculosis patients with acute respiratory failure reported that 
adjunctive corticosteroid therapy did not reduce the unadjusted 
90-day mortality (odds ratio [OR]: 0.94, 95% confidence interval 
[CI]: 0.46-1.92; p=0.875). However, when using inverse proba-
bility of treatment weighted (IPTW) estimators to adjust for dif-
ferences between the steroid and non-steroid groups, they found 
corticosteroid treatment to be independently associated with re-
duced 90-day mortality (OR: 0.47, 95% CI: 0.22-0.98; p=0.049). 
However, patients in the steroid group had a higher rate of super-
imposed infection (32.9% vs. 13.0%; p=0.010) [30].
Having acknowledged a difference in finding between our study 
and the aforementioned South Korean study, it should be not-
ed that there are some differences in study population baseline 
characteristics between the two studies. In our study, we enrolled 
only confirmed pulmonary TB cases (positive culture, or positive 
AFB smear with positive PCR for M. tuberculosis from sputum 
or bronchoalveolar lavage fluid), and all of our patients required 
mechanical ventilation. In contrast, the Korean study also in-
cluded possible pulmonary tuberculosis cases that had only clin-
ical symptoms and/or signs that were suggestive of tuberculosis, 
but that had negative sputum culture and negative sputum AFB 
smear. Moreover, 17.7% of their study population did not require 
mechanical ventilation. The comparisons between our present 
study and previous studies were shown in table 3.  
	 This study has some mentionable limitations. First and con-
sistent with the retrospective nature of this study, some patient 
data was found to be missing or incomplete, such as duration of 
corticosteroid treatment and ventilator strategy data. Addition-
ally, the inclusion of only definite pulmonary tuberculosis could 
result in a selection bias. Second, the size of the study population 
was relatively small. As a result, our study may have lacked suf-
ficient power to identify all significant differences and associa-
tions. We were also unable to perform propensity score match 
analysis, and subgroup analysis for populations at higher risk for 
mortality. Third, the patients enrolled in this study were from a 
single center. Fourth, our center is Thailand’s largest tertiary re-
ferral hospital, which means that we are often referred patients 
with complicated and intransigent conditions. As such, it is pos-
sible that our findings may not be generalizable to patients with 
the same condition in other settings. Further studies in pulmo-
nary TB patients with acute respiratory failure that include these 
factors are warranted to more conclusively establish the efficacy 
of corticosteroids in this patient population.	
	
CONCLUSION

Adjunctive corticosteroid therapy had no significant positive effect 
on outcomes in pulmonary tuberculosis patients with acute respi-
ratory failure. At current situation, corticosteroid therapy could 
not be recommended as the treatment of acute respiratory failure 
associated with pulmonary tuberculosis. 
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