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ABSTRACT
In severe pulmonary tuberculosis that requiring ventilation and critical care should have uncertain enteral 
absorption. This study aimed to evaluate the impact of enteral anti-tuberculosis regimen used on the survival of 
patients with smear positive pulmonary tuberculosis requiring mechanical ventilation. Patients aged >15 years 
with critical smear positive pulmonary tuberculosis were divided into enteral and parenteral antituberculosis drugs 
regimen groups based on the type of anti-tuberculosis used. Those patients who died or discharged within 24 hours 
of hospitalization were excluded. The primary endpoint was 40-day survival. In 5844 patients of tuberculosis from 
2013 to 2018 have 675 patients identified that smear positive pulmonary tuberculosis, 657 were in enteral drugs 
group and 18 were in the parenteral fluoroquinolones group, 140 patients die and 535 patients survived. The two 
groups had statistically significant difference in acute respiratory failure and shock. There had no statistically 
significant difference between two groups in mortality by univariable risk ratio regression analysis. In generally 
parenteral regimens are increase mortality rate, but after adjusted all variable factors by multivariable risk ratio 
regression analysis, there had statistically significant difference between two groups in mortality (risk ratio=1.80; 
95%confidence interval=1.25 to 2.58; P=0.001). The medial survival was 8 and 34 days in enteral and parenteral 
groups, significant difference in log rank test (P<0.002). Enteral anti-tuberculosis regimen may contribute to 
survival of smear positive pulmonary tuberculosis requiring mechanical ventilator.
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Introduction
Tuberculosis (TB) is one of the top 10 causes of death worldwide. 
In 2017, 10 million people fell ill with TB, and 1.6 million died 
from the disease (including 0.3 million among people with 
HIV).Tuberculosis (TB) is caused by bacteria (Mycobacterium 
tuberculosis) that most often affect the lungs. Tuberculosis is curable 
and preventable. TB is spread from person to person through the 
air. When people with lung TB cough, sneeze or spit, they propel 
the TB germs into the air. A person needs to inhale only a few of 
these germs to become infected. Tuberculosis mostly affects adults 
in their most productive years. However, all age groups are at risk. 
Over 95% of cases and deaths are in developing countries [1]. The 

risk of active TB is also greater in persons suffering from other 
conditions that impair the immune system. TB occurs in every part 
of the world. In 2017, the largest number of new TB cases occurred 
in the South-East Asia and Western Pacific regions, with 62% of 
new cases, followed by the African region, with 25% of new cases. 
In 2017, 87% of new TB cases occurred in the 30 high TB burden 
countries. Eight countries accounted for two thirds of the new TB 
cases: India, China, Indonesia, the Philippines, Pakistan, Nigeria, 
Bangladesh and South Africa. In Thailand, the mortality from 
tuberculosis remains high and exceeds 9.2% at Surin province in 
2017.

Tuberculosis (TB) remains a nationwide and worldwide public 
health concern [1,2] and high mortality rate especially in patients 
who need ventilator [3]. Although treatment regimens as suggested 
by the World Health Organization (WHO) result in survival rates 
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of 95% under trial conditions [4], but in the severe patients also 
have high mortality rate more than 30-50% [5-8], in particularly 
patients who need ventilator and have acute respiratory failure. 
Patients admitted with multiple organ failure may have uncertain 
enteral absorption, hepatic and renal dysfunction. Sub therapeutic 
levels of anti-tuberculosis drugs have been associated with a slow 
clinical response, treatment failure and drug resistance [9-11]. 
Other recommendations, in severe pulmonary tuberculosis that 
need ventilation and critical care should select parenteral drugs 
more than enteral drugs due to probably have poor absorption, as 
well as in patients who have hypotension or acute kidney injury 
[12,13]. In fact, the recommendations are not also a consensus 
because these are not any big clinical trial research to support. As 
a consequence, in this paper will study about three associated risk 
factors to mortality in smear positive pulmonary tuberculosis. First 
is about host, second is the severity of the disease, and the last one 
is the route of drug regimens, parenteral or enteral drugs regimen, 
that patients are treated.

Methodology
Subjects
A five years retrospective cohort study was conducted at Surin 
hospital, a secondary-care referral center in Thailand. The database 
of diagnosis records was searched to identify TB patients from 
January 2013 to December 2018. The inclusion criteria were age 
15 years, smear positive. The identified patients were divided into 
two groups. Patients who received parenteral fluoroquinolones 
therapy (ciprofloxacin or levofloxacin) and those who received 
enteral anti-tuberculosis drugs were enrolled. And the most 
important factor is the route of regimen that patients are treated is 
associated to mortality rate. Patients who die or discarded within 
first 24 hour it’s mean they have not given drugs or drugs are not 
effective were be rule out. If patients admit more than one times all 
the administration was rule in.

Methods
All of the general data and medical records for the enrolled 
patients were reviewed. Patients who had diabetes, acquired 
immunodeficiency syndrome (HIV disease), chronic kidney 
disease, cirrhosis or age more than 60 years were defined as 
immunocompromised host. The clinical endpoint to study is the 
death in hospital compare with the 40-days survival. In patients 
who have given drugs, subgroup analysis should be planed to 
evaluate. The potential factors included gender, age> 60 years, 
diabetes, HIV disease, chronic kidney disease, cirrhosis, acute 
respiratory failure, hypotension, acute kidney injury and multiple 
organ failure. Acute respiratory failure was defined as hypoxic 
failure, in arterial blood gas: PaO2<60 mmHg and need mechanical 
ventrilator.

Statistical analysis
The general data were compared between the group of patients who 
died and the group who survived during hospitalization. Fisher’s 
exact tests were used to compare categorical variables. All of the 
values were expressed as percentage of the group for categorical 
variables. The data were compared between the group of enteral 

and parenteral drugs group regimen during hospitalization. The 
Risk ratio regression analysis was used. Significance testing by 
Fisher’s exact test and time-to-event curves were generated by the 
Kaplan-Meier method and compared using the log-rank test. All 
factors associated with survival were further analyse with the Cox- 
proportional hazards regression analysis was performed to identify 
prognostic factors for 40-day survival after admission. Two-sided 
P<0.05 was considered significant. All statistical analyses were 
performed using STATA 14 software.

Results
In 5844 patients of tuberculosis from 2013 to 2018 have 675 
patients identified that smear positive pulmonary tuberculosis, 657 
were in enteral drugs group (ED) and 18 were in the parenteral 
fluoroquinolones group (PD), 140 patients died and 535 patients 
survived.

Demographic characteristics
Table 1 is the list of the demographic characteristics of the 
patients. The difference between the survivors and those that 
died was statistically significant in HIV disease, ARF, AKI and 
shock. Males outnumbered females, Male 63.6%, age more than 
60 (49.2%) no difference in survivors. The details about clinical 
risk factor for mortality are show in table 1. Of the 93 patients who 
were excluded, 32 (4.3%) were died in 24 hours and 61(8.1%) 
were came home within 24 hours. Based on the clinical risk of 
dead in the ED and PD groups (Table 2), there were statistically 
significant difference in acute respiratory failure and shock. More 
patients in the PD group had acute respiratory failure than in the 
ED group (83.3% vs. 22.8%, P<0.001) and had shock than ED 
group (38.8%vs.15.7%, P=0.017).

Factors predicting in-hospital mortality
Four factors were found to be associated with in-hospital mortality 
in the univariate analysis (Table 3). A trend of higher mortality 
rate among patients with ARF (P<0.001), AKI (P<0.001), shock 
(P<0.001) and HIV disease (P=0.021). There had no statistically 
significant difference between two drugs regimen groups in 
mortality by univariable risk ratio regression analysis. In generally 
parenteral regimens are increased mortality rate (Table 3), but after 
adjusted all variable factors by multivariable risk ratio regression 
analysis, there had statistically significant difference between two 
groups in mortality (risk ratio=1.80; 95%confidence interval=1.25 
to 2.58; P=0.001). If treated by enteral regimens the mortality rate
increase 1.80 times (Table 4).

Table 1: Clinical characteristics of patients in survival and death groups.
Variable Survival % Death % P-value

M 337 63.0 92 65.7 0.622

Age>60yrs. 256 47.9 76 54.3 0.185

HIV 35 6.5 18 12.9 0.020

DM 74 13.8 13 9.3 0.201

CKD 40 7.5 16 11.4 0.167

Cirrhosis 10 1.9 6 4.3 0.230



Volume 3 | Issue 1 | 3 of 5Microbiol Infect Dis, 2019

ARF 51 9.5 114 81.4 <0.001

AKI 23 4.3 28 20.0 <0.001

Shock 36 6.7 74 52.9 <0.001

Parenteral 12 2.24 6 4.29

Enteral 523 97.76 134 95.71 0.233
M: Male; HIV: Human Immunodeficiency Virus Infection; DM: Diabetes 
Mellitus; CKD: Chronic Kidney Disease; ARF: Acute Respiratory Failure; 
AKI: Acute Kidney Injury; CI: Confidence Interval.
P-value by Fisher's exact test.

Table 2: Clinical characteristics of patients in the ED and PD groups.
Variable Parenteral % Enteral % P-value

Total 18 100 657 100

M 14 77.78 415 63.17 0.320

Age>60yrs. 10 55.56 322 49.01 0.638

HIV 0 53 8.07 0.386

DM 2 11.11 85 12.94 0.999

CKD 1 5.56 55 8.37 0.999

Cirrhosis 0 16 2.44 0.999

ARF 15 83.33 150 22.83 <0.001

AKI 1 5.56 50 7.61 0.999

Shock 7 38.89 103 15.68 0.017
M: Male; HIV: Human Immunodeficiency Virus infection; DM: Diabetes 
Mellitus; CKD: Chronic Kidney Disease; ARF: Acute Respiratory Failure; 
AKI; Acute Kidney Injury; CI: Confidence Interval.
P-value by Fisher's exact test

Table 3: Univariable analysis of factors potentially associated with 
mortality in patients with smear positive pulmonary tuberculosis.

Univariable Risk ratio Std. Err. 95%CI P-value

Enteral drugs 0.61 0.50 0.31 1.20 0.233

Gender 1.10 0.20 0.80 1.50 0.622

Age>60 1.23 0.20 0.91 1.65 0.185

HIV 1.73 0.40 1.15 2.60 0.021

DM 0.69 0.21 0.41 1.17 0.201

CKD 1.43 0.30 0.92 2.22 0.167

Cirrhosis 1.30 0.82 0.82 2.06 0.305

ARF 13.55 2.26 9.19 19.98 <0.001

AKI 3.06 0.58 2.27 4.13 <0.001

Shock 5.76 0.76 4.43 7.48 <0.001
M: Male; HIV: Human Immunodeficiency Virus infection; CKD: Chronic 
Kidney Disease; ARF: Acute Respiratory Failure; DM: Diabetes Mellitus; 
AKI; Acute Kidney Injury; CI; Confidence Interval.
P-value by risk ratio regression model.

Table 4: Multivariable analysis of factors potentially associated with 
mortality in patients with smear positive pulmonary tuberculosis by risk 
ratio regression model.

Multivariable Risk ratio Std. Err. 95%CI P-value

Enteral drugs 1.80 0.33 1.25 2.58 0.001

Gender 0.95 0.06 0.84 1.08 0.415

Age>60 0.99 0.07 0.86 1.14 0.908

HIV 1.15 0.12 0.94 1.41 0.179

DM 0.98 0.10 0.80 1.21 0.875

CKD 1.32 0.12 1.10 1.59 0.003

Cirrhosis 1.00 0.06 0.90 1.11 0.989

ARF 9.50 2.05 6.22 14.49 <0.001

AKI 1.18 0.09 1.02 1.38 0.028

Shock 1.63 0.11 1.43 1.86 <0.001
M: Male; HIV: Human Immunodeficiency Virus infection; CKD: Chronic 
Kidney Disease; ARF: Acute Respiratory Failure; DM: Diabetes Mellitus; 
AKI: Acute Kidney Injury; CI; confidence Interval.
P-value by risk ratio regression model.

The highest mortality risk ratio is acute respiratory failure. The 
survival patterns of patients in acute respiratory failure and no need 
ventilator are shown in Figure1. The medial survival was 8 and 34 
days in ED and PD group, significant in log rank test (P=0.002). 
By multivariable Cox’s regression analysis, enteral drugs used 
regimen (hazards ratio=3.61; 95%confidence interval=1.45 to 
9.01; P=0.006) was associated with 40 days survival (Table 5). 
The Kaplan-Meier survival curve of patients in acute respiratory 
failure between ED and PD group are shown in Figure 2.

Table 5: Multivariable analysis of factors potentially associated with 
mortality in patients with smear positive pulmonary tuberculosis requiring 
mechanical ventilator by Cox’s regression model.

Multivariable Hazard ratio Std. Err. 95%CI P-value

Enteral drugs 3.61 1.68 1.45 9.01 0.006

Gender 0.94 0.19 0.62 1.41 0.749

Age>60 0.85 0.19 0.55 1.32 0.480

HIV 1.08 0.38 0.54 2.15 0.836

DM 1.54 0.54 0.77 3.05 0.219

CKD 0.97 0.32 0.51 1.84 0.927

AKI 1.09 0.28 0.65 1.82 0.743

Cirrhosis 0.83 0.17 0.56 1.24 0.367

Shock 1.39 0.27 0.94 2.04 0.097
M: Male; HIV: Human Immunodeficiency Virus infection; CKD: Chronic 
Kidney Disease; ARF: Acute Respiratory Failure; DM: Diabetes Mellitus; 
AKI: Acute Kidney Injury; CI: Confidence Interval.
P-value by risk ratio regression model.
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Discussion of the Findings
Mycobacterial tuberculosis one of the leading cause of death 
associated with acute respiratory failure, shock and multiple organ 
failure. The mortality of tuberculosis associated critical illness 
remain high, 30-50%. In the present study, 69.1% (114 from 165) 
were not survived from acute respiratory failure. The finding of 
a high mortality is higher than previous study. Before adjusting 
for potential confounding effects, four factors contributing to in-
hospital mortality were identified, acute respiratory failure, acute 
kidney injury, shock and HIV disease. In univariable regression 
study, patients infected with human immunodeficiency virus 
(HIV) have statistically significant difference in mortality (risk 
ratio=1.73; 95%confidence interval=1.15 to 2.60; P=0.021).

After adjusting confounding effects, three factors contributing 
to in-hospital mortality were identified, acute respiratory failure, 
shock and treatment regimens. In generally parenteral regimens are 
increase mortality rate, but in acute respiratory failure if treat by 
enteral regimens the mortality rate increase 1.80 times. However, 
fluoroquinolones is nephrotoxic drugs, only one critically case 
used under hemodialysis. Though HIV infection was not an 
exclusion criterion in this study, none of the parenteral regimen 
patients were HIV-positive. HIV patients, 18 from 53 (12.9%) 
were dead, which is not enough for HIV to become a significant 
causal factor of mortality.

WHO recommends an intensive treatment regimen (isoniazid+ 
rifampicin+ethambutal+pyrazinamide) for 2 months followed by 
a continuation regimen (isoniazid+rifampicin) for 4-7 months. 
Fluoroquinolones have excellent in vitro and in vivo bactericidal 
activity against Mycobacterial tuberculosis [14-16]. Empirical 
use of fluoroquinolones has raised delays in the initiation of 
appropriate anti-tuberculosis drugs, an increase in drug resistance 
[17-20]. Some other studies do not corroborate these findings [21-
23]. This is a retrospective cohort study, most of physicians follow 
WHO recommendation. But in severe cases, some physicians add 
parenteral fluoroquinolones. In enteral drugs group, the 8 days 
mortality rate was 50%, with nearly all deaths occurring within 
the first 2 weeks of hospital admission. In contrast parenteral 

group, the 34 days mortality rate in the study was 50%, which is to 
become a significant causal factor of difference in mortality.

Acute respiratory failure was a strong independent factor 
contributing to in-hospital death. These findings were similar 
to other studies discussing predictors of in-hospital death or 
shortterm prognosis for patients with pulmonary tuberculosis. 
By multivariable Cox’s regression analysis, enteral drugs used 
regimen (hazards ratio=3.61; 95% confidence interval=1.45 to 
9.01; P=0.006) was associated with 40 days survival. It is possible 
that physicians were prone to favour the parenteral regimens, 
particularly for patients with immunodeficiency, old ages and 
multiple organ failure. Another possible reason was that those 
patients may have uncertain enteral absorption, hepatic and renal 
dysfunction. Low absorption had been associated with a slow 
clinical response, treatment failure and drug resistance, and death 
was a consequence of sub therapeutic levels of anti-tuberculosis 
drugs. In the present study, patients with ARF had higher mortality 
rates than those without. The finding was similar to other studies 
examining critically ill patients with active pulmonary TB and 
acute respiratory failure. The higher number of organ failures 
reflects the propensity of uncontrolled, untreated infection to cause 
multiple organ dysfunction. However, there are few parenteral 
drugs for Mycobacterial tuberculosis. Fluoroquinolones can 
improve the survival of smear positive pulmonary tuberculosis 
requiring mechanical ventrilator. If patients have hepatic and renal 
dysfunction, it’s very difficult for the physician to use medicine. 
Recommendations for special condition should be review to 
improve the survivors.

This study has several limitations. For example, timely treatment 
was not collected data that are important missing data. The 
decision of choosing drugs regimen therapy in one important fact 
of physician adjustment. Small sample in parenteral group remain 
low power of sample size (0.30). In acute respiratory failure 
subgroup, 3 were excluded in parenteral group. However, there is 
enough sample size (0.87) to explain the effect.

Conclusion
In pulmonary tuberculosis requiring mechanical ventilator have 
high mortality rate same as other studies. HIV disease is one of 
affect to increase mortality rate, but acute respiratory failure is the 
most impact of mortality. According to tuberculosis guidelines if 
treated by parenteral regimens have more mortality rate than enteral 
regimens. But in critically ill patients, enteral anti-tuberculosis 
regimen may contribute to survival of smear positive pulmonary 
tuberculosis requiring mechanical ventilator.

Recommendation
In practice is to prefer parenteral drugs regimen in smear positive 
pulmonary tuberculosis requiring mechanical ventrilator during 
8-14 days of admission.
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