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ABSTRACT

Aim and objective: Although studies have described the clinical profile of patients admitted to the intensive care unit (ICU) with tuberculosis,
it is unclear if the type of tuberculosis (pulmonary, extrapulmonary, or disseminated) impacts outcome.

Matrials and methods: Demographic data, microbiology, treatment, and outcomes over 5 years (2012-16) were obtained from electronic records.
Patients were categorized as pulmonary, extrapulmonary, or disseminated tuberculosis. Comparisons were done using t test and Fisher’s exact
test as appropriate. Predictors of outcome were explored using bivariate and multivariate logistic regression analysis and expressed as odds
ratio (OR) with 95% confidence intervals (Cl).

Results: Of the 428 ICU admissions with suspected tuberculosis, 212 (121 male) patients with mean (standard deviation) age of 41.9 (16.7)
years and APACHE-II score of 20.8 (6.6) were diagnosed as pulmonary (n = 55) and extrapulmonary (n = 52) or disseminated tuberculosis (n =
105). In 50.5%, the diagnosis of tuberculosis was established during the current ICU admission when they presented with organ dysfunction.
Overall, microbiological confirmation was possible in 75.5%; 14 (10.3%) isolates were Rifampicin resistant. ICU admission was required primarily
for ventilation (n = 176; 83%) and hemodynamic instability (n = 67; 32%). Hospital mortality was 50%. Outcomes were similar in the three
groups except for longer duration of stay (p value = 0.04) in disseminated tuberculosis. On multivariate logistic regression analysis, pulmonary
tuberculosis (OR 2.83; 95% Cl 1.15-6.95) and vasoactive treatment (OR 15.8; 95% Cl 6.4-39.2) were independently associated with death; need
for ventilation predicted mortality perfectly.

Conclusion: In this cohort of patients admitted to ICU with tuberculosis, 50% were newly diagnosed during ICU admission. Pulmonary site of

involvement and need for organ support are independent risk factors for death.
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INTRODUCTION

Tuberculosis (TB) remains a major public health problem,
particularly in low- and middle-income countries. India accounts
for the highest incidence of TB, including multi-drug resistant TB
and features among the top countries of TB associated with human
immunodeficiency virus (HIV) infection. Despite curative therapy,
TB is the leading cause of infectious disease deaths,’ with almost 2
million deaths annually.

Thereis limited information on the outcome of TB patients who
require intensive care unit (ICU) management. There are studies®™'”
that have profiled patients with TB and evaluated for factors
associated with poor outcomes. In these studies, mortality ranged
from 21.6%’ in developed countries to 81%2° in those requiring
mechanical ventilation. High APACHE-II score, severe respiratory
failure, coinfection with HIV, and multi-organ failure were some
factors associated with unfavorable outcome.>®? In developing
countries, delayed diagnosis and drug resistance may additionally
contribute to poor outcome. Majority of these studies looked at
critically ill patients with pulmonary TB.'2¢'819 |t is unclear whether
the type of TB impacts outcomes, as studies have suggested that
pulmonary TB* and miliary TB® are associated with poor outcome.

This study was undertaken to describe the characteristics of
adult critically ill patients with TB and to identify factors that predict
mortality. We also assessed if outcomes of critically ill patients with
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extrapulmonary and disseminated TB were different from those
diagnosed to have pulmonary TB.

MATERIALS AND METHODS

In this retrospective study spanning 5 years (2012-2016),
demographic, clinical, microbiological treatment and outcome
data of adult critically ill patients with TB were abstracted from
electronic hospital records to data abstraction forms. These patients
were admitted in a 24-bed medical critical care unitina 2,500-bed,
university-affiliated, private teaching hospital in semi-urban India.
Patients were categorized into three groups: pulmonary, extra-
pulmonary, and disseminated TB.

Pulmonary TB was diagnosed if confirmed bacteriologically
(positive smear, culture or by rapid diagnostic tests such as Gene
Xpert) from biological specimens from the lung parenchyma
or tracheobronchial tree or if clinically diagnosed by a medical
practitioner who decided to treat the patient with antitubercular
treatment (ATT) based on radiological findings even in the absence
of laboratory confirmation.?' Patients with pulmonary TB and
pleural involvement were classified as pulmonary TB.?!

“Bacteriologically confirmed or clinically diagnosed case of TB
involving organs other than the lungs” (e.g., pleura, lymph nodes,
abdomen, genitourinary tract, skin, joints and bones, meninges)
was classified as extrapulmonary TB.2%2% Disseminated TB as
described by Iseman included miliary tuberculosis (radiological
or histological evidence),** isolation of M. tuberculosis from blood,
bone marrow or liver, or from specimens from 2 noncontiguous
organs in a single patient.

Microbiological data that included smear, Gene Xpert,
mycobacteria growth indicator tube (MGIT), and acid-fast bacilli
(AFB) culture were obtained. In the absence of microbiological
confirmation of TB, initiation of ATT was considered empirical if
a patient was started on ATT based on suggestive reports (either
histopathological or fluid analysis) or negative reports and high
clinician suspicion of TB.

The primary outcome of interest was hospital mortality.
Secondary outcomes included ICU and hospital length of stay (LOS),
ventilation duration, ventilator-free days (VFD),?> and hospital-
acquired infections (HAI). Standard definitions were used for the
diagnosis of ventilator-associated pneumonia (VAP), blood stream
infection (BSI), and catheter-associated urinary tract infections
(UTI).?%27 The need for organ support (respiratory, hemodynamic,
and renal) was also documented.

Summary data were presented as mean with standard
deviation (SD) for normally distributed data and as median
with interquartile range (IQR) if data were skewed. Clinical
features and outcomes were compared between pulmonary TB
(reference group) and the other two groups (extrapulmonary,
disseminated) using t test and Fisher exact test as appropriate.
Predictors of outcome were explored using bivariate and
multivariate logistic regression analysis. For this analysis,
pulmonary TB was compared to pooled data of extrapulmonary
and disseminated TB. Variables were incorporated into the
multivariate analysis if p value was <0.1 on bivariate analysis.
Results were reported as odds ratio (OR) with 95% confidence
interval (Cl). The study was approved by the Institutional Review
Board (IRB) and the ethics committee of the institution (IRB Min
No 10664 dated 19.4.2017).
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Baseline Demographic Data

During the study period, 7,796 patients were admitted to Medical
ICU. Of the 428 admissions with suspected TB, 212 patients were
diagnosed to have TB. This study cohort had a mean (SD) age of 41.9
(16.7) years. The mean (SD) APACHE-II score of 20.8 (6.6) suggested
moderate-to-severeillness severity at admission. About half (50.4%)
the patients were newly diagnosed as TB during the current ICU
admission. The remaining were diagnosed prior to ICU admission
at a median (IQR) symptom duration of 13.5 (4-47) days and had
received antitubercular treatment for the same duration. The most
frequent comorbidities (Table 1) were diabetes mellitus (29.7%), HIV
coinfection (9.9%), and chronic respiratory disorders (6.1%).

Indications for ICU Admission

The major reasons for ICU admission were respiratory failure (83%)
and hemodynamic instability (31.6%).

Ventilatory support was required either for lung-related
causes (n = 114) or airway protection (n = 61). Among the lung-
related causes, acute respiratory distress syndrome (ARDS) (n =
76), pneumonia (n = 13), impending respiratory failure in patients
with distributive shock (n = 14), and pulmonary edema (n = 7) were
the major reasons for ventilatory assistance. Airway protection was
required for neurological reasons in 59 patients of whom 34 had
tuberculous meningitis, 6 patients had seizures, and the other 19
patients had low GCS due to other causes (septic encephalopathy,
post-cardiac arrest, intracranial bleed, poisoning, or electrolyte
abnormalities). Two patients required airway protection for non-
neurological causes (stridor and Gl bleed).

Although the predominant type of shock in these patients
was warm shock, a small proportion (7.5%) of patients with
hemodynamic instability (n = 67) had cold shock (Table 1).

Although a majority of patients were admitted to ICU (n = 94) for
primary problems related to TB (e.g., TB ARDS, severe parenchymal
disease or TB meningitis), some patients required admission (n =
76) for TB-related complications, such as secondary bacterial sepsis,
electrolyte abnormalities, hydrocephalus, etc. In about 20% (n =
42) of admissions, patients on treatment for TB were admitted to
the ICU for reasons unrelated to TB (e.g. acute coronary syndrome,
pulmonary edema, post cardiac arrest, poisoning, gastrointestinal
bleed and diabetic ketoacidosis).

Categorization of Patients

Fifty-five patients were diagnosed as pulmonary, while extra-
pulmonary TB was diagnosed in 52 patients and disseminated TB
in 105 patients. TB meningitis (n = 33) and isolation of TB from 2
noncontiguous sites (n = 88) were the most frequent presentation
of extrapulmonary TB and disseminated TB, respectively. Only 11
patients presented with a clinical picture consistent with miliary TB.

There were no significant differences in the 3 groups with
respect to age, gender, illness severity, duration of TB, and whether
they were newly diagnosed TB or not (Table 1). When compared
to pulmonary TB, a significantly higher proportion of patients
with extrapulmonary TB required ventilatory support for airway
protection rather than lung related causes.

More patients with pulmonary TB were admitted to ICU with
processes that were directly related to the disease (TB) per se when
compared to extrapulmonary TB (p value < 0.001) or disseminated
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Table 1: Demographic data

Extrapulmonary Disseminated

Variable Overall (n=212) Pulmonary (n=55) (n=>52) pvalue  (n=105) p value

Age; Mean (SD) years 41.9(16.7) 44.5(16.9) 42.1(17.3) 0.24 40.5(16.2) 0.08

Male:Female 121:91 31:24 25:27 0.44 65:40 0.5

APACHE II*; Mean (SD) 20.8 (6.6) 21.0 (6.6) 21.5(7.4) 0.63 20.4 (6.3) 0.3

Newly diagnosed TB 107 (50.5) 26 (47.3) 20 (38.5) 0.44 61 (58.1) 0.24

TB treatment duration® 13.5 (4-47) 12 (6-60) 14 (4-46) 0.74 13.5(3-47) 0.91

Reason for ICU admission
Primary TB related processes 94 (44.3) 30 (54.5) 18 (34.6) 46 (43.8)

Secondary TB related complications 76 (35.8) 10(18.2) 29 (55.8) <0.001  39(37.1) <0.04
Sepsis 26 4 7 15
Hydrocephalus 28 0 17 1
Bacterial pneumonia 11 3 2 6
TB sequelae related complications 1 1 0 0
Immune reconstitution 1 1 0 3
Pneumothorax/pneumomediastinum 1 1 1 4
Hyponatremia 3 0 0 3
Seizures 5 0 1 4
Non TB related admission’ 42(19.8) 15(27.3) 5(9.6) 20(19.0)

Ventilatory support 176 (83) 47 (85.4) 45 (86.5) 1 84 (80) 0.52
Lung related causes 114 (64.8) 37 (78.7) 17 (37.8) <0.001  60(71.4) 0.41
Airway protection 62 (35.2) 10(21.3) 28 (62.2) <0.001  24(28.6) 0.41

Hemodynamic support 67 (31.6) 20 (36.3) 10(19.2) 37(35.2)

Warm shock 62 (92.5) 19 (95) 10 (100) 0.06 33(89.2) 1
Cold shock 5(7.5) 1(5) 0(0) 4(10.8)

Comorbid illnesses
Diabetes 63 (29.7) 20 (36.4) 17 (30.8) 0.68 27 (25.7) 0.2
Respiratory disorders'™ 13 (6.1) 8(14.6 1(1.9) 0.03 4(3.8) 0.02
IHD 7(3.3) 2(3.6) 2(3.9) 1 3(2.9) 1
Autoimmune disease 8(3.8) 3(5.5) 2(3.9) 1 3(2.9) 0.41
Immunosuppressive 10 (4.7) 4(7.3) 2(3.9) 0.68 4 (3.8) 0.45
HIVH 21(9.9) 4(7.3) 3(5.8) 1 14 (13.3) 0.3
Steroids 7 (3.3) 3(5.5) 2(3.9) 1 2(1.9) 0.34
Alcohol 21(9.9) 7(12.7) 4(7.7) 0.53 10(9.5) 0.59

Values expressed are number of patients and percentages (%) unless specified; SD, standard deviation; TB, tuberculosis; APACHE, acute physiology and
chronic health evaluation; HIV, human immunodeficiency virus; IHD, ischemic heart disease; IQR, interquartile range

*APACHE |l data available only for 181 patients

Reasons for admission were unrelated to TB and included acute coronary syndrome, pulmonary edema, post cardiac arrest, poisoning, gastrointestinal

bleed and diabetic ketoacidosis
Includes asthma, COPD and other illnesses

*Duration of TB treatment in those who were diagnosed as TB prior to ICU admission expressed as median IQR

#0f the 21 patients with HIV, 7 were on antiretroviral therapy

TB (p value < 0.04), where complications as a result of the disease or
treatment or other medical problems unrelated to TB in patients on
treatment for TB were the more frequent reasons for ICU admission
(Table 1).

Microbiological and Histopathological Data

While 210 of the 212 patients had some form of microbiological TB
testing, there was microbiological confirmation in only 3/4th of the
patients (Table 2). Overall, 72.7% of samples were tested positive
by Gene Xpert in contrast to a positivity rate of 49.6% by MGIT
and 30.4% by routine AFB cultures; gene Xpert positivity was 90%,
82.2%, and 34.2% in pulmonary, disseminated, and extrapulmonary
TB, respectively. Of the 136 samples where rifampicin sensitivity
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could be assessed, 122 (89.7%) were susceptible. Of the rifampicin-
resistant TB (n = 14), 6 had disseminated TB, while 4 patients each
had pulmonary and extrapulmonary TB.

Ofthe 96 tissues tested, 47 (49%) had definitive histopathological
evidence of tuberculosis and 24 (25%) had histopathology was
suggestive of TB. Histopathology was the sole means of definitive
TB diagnosis (microbiology negative) in only one patient in the
entire cohort.

Treatment Details

Empiric ATT was started in 52 (24.5%) patients. Among these,
treatment was initiated based on investigations suggestive of TBin
41 patients, either by fluid analysis alone (n =40) or by histopathology

23
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Table 2: Microbiological data

Pulmonary TB Extrapulmonary Disseminated TB

Test N (%) Overall (n=212) (n=155) (n=152) p value (n=105) p value
Positive AFB smear 70/142 (49.3) 38/45 (84.4) 0/22 (0) <0.001 32/75 (42.7) <0.001
Gene Xpert positive 125/172(72.7) 37/41 (90.2) 14/41 (34.2) <0.001 74/90 (82.2) 0.3
Rifampicin susceptible 122/136 (89.7) 36/40 (90) 10/14 (71.4) 0.18 76/82(92.7) 0.73
MGIT 68/137 (49.6) 16/27 (59.3) 9/32(28.1) 0.41 43/78 (55.1) 0.26
AFB culture 34/112 (30.4) 12/25 (48) 2/30(6.7) <0.001 20/57 (35.1) 0.33
Histopathology*

Definitive TB 47/96 (48.9) 1/6 (16.7) 4/17 (23.5) 0.34 42/73 (57.5) <0.001

Suggestive of TB 24/96 (25.0) 0/6 (0) 4/17 (23.5) 20/73 (27.4)

Negative 25/96 (26.0) 5/6 (83.3) 9/17 (53.0) 11/73 (15.1)
Empiric treatment 52 (24.5) 4(7.3) 35(67.3) <0.001 13(12.4) 0.42

All values expressed are total number of patients positive for the test out of the number tests; values in parenthesis indicate percentages unless specified;
MGIT, mycobacteria growth indicator tube; AFB, acid fast bacillus; TB, tuberculosis
*Histopathology done in 96 patients-results categorized as definitive, suggestive and negative

Table 3: Treatment and outcomes

Pulmonary TB Extrapulmonary Disseminated TB
Overall (n=212) (n=155) (n=52) p value (n=105) p value
Treatment data n (%)
Vasoactive support 136 (64.2) 33 (60) 34 (65.4) 0.69 9 (65.7) 0.49
Dialysis 23(10.9) 3(5.5) 5(9.6) 0.48 5(14.3) 0.12
Ventilation 186 (87.7) 47 (85.5) 49 (94.2) 0.2 90 (85.7) 1
NIV 40(18.9) 16 (29.1) 6(11.5) 0.03 8(17.1) 0.1
Invasive 169 (79.7) 43(78.2) 46 (88.5) 0.2 0(76.2) 0.85
Outcome data n (%)
Hospital mortality 106 (50) 33 (60) 23 (44.2) 0.12 50 (47.6) 0.18
ICU LOS* 6(4-11) 5(3-10) 6(4.5-12) 0.19 7 (4-11) 0.29
Hospital LOS' 15 (8-24) 12 (6-21) 16 (10-23.5) 0.15 15 (8-28) 0.04
Ventilation duration® 6(4-11) 5(3-12) 5(4-11) 0.83 6(4-11) 0.87
VFD' 0(0-23) 0(021) 10.5 (0-23) 0.12 9(0-24) 0.09
HAI 50(23.6) 8(14.6) 16 (30.8) 0.06 26 (24.8) 0.16
VAP 27 (12.7) 8(14.6) 5(9.6) 0.56 14 (13.3) 0.81
BSI 26(12.3) 3(5.5) 9(17.3) 0.07 14 (13.3) 0.18
uTl 9(4.3) 0 3(5.8) 0.11 6(5.7) 0.1

Values expressed are number of patients and percentages (%) unless specified; ICU, intensive care unit; LOS, length of stay; VFD, ventilation free days;
HAI, hospital acquired infections; IQR, interquartile range; VAP, ventilator-associated pneumonia; BSI, bloodstream infection; UTI, urinary tract infection;

VFD, ventilator free days
"Median (IQR) range in days

alone (n = 1). Over 80% (n = 33) of the patients diagnosed on fluid
analysis alone were presumed to have tuberculous meningitis and
showed response to antitubercular therapy. Among the patients
who presented with pleural effusions, ICU admission was for either
secondary sepsis or unrelated biventricular failure. One patient was
admitted with intestinal obstruction.

There was no significant difference between the groups with
respect to need for organ support (Table 3). In patients presenting
with respiratory failure, when compared to extrapulmonary TB, a
significantly higher (p value = 0.03) proportion of patients with
pulmonary TB were managed with noninvasive ventilation (NIV).

Outcomes

Overall, ICU mortality was 42% (89/212), and hospital mortality was
50% (106/212). While disseminated TB had significantly (p value
=0.02) longer hospital LOS, all other outcomes were similar (Table 3).
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On bivariate logistic regression analysis (Table 4), age,
APACHE-II, male gender, pulmonary TB, vasoactive support,
ventilation, and dialysis were found to be associated with mortality.
On multivariate logistic regression analysis, pulmonary TB (OR 2.83;
95% Cl 1.15-6.95) and need for vasoactive treatment (OR 15.8; 95%
Cl 6.4-39.2) were independently associated with death. Need for
ventilation was not incorporated into the multivariate analysis since
this predicted mortality perfectly.

Discussion

This cohort of 212 TB patients were categorized as pulmonary TB
(n=55), extrapulmonary TB (n = 52), and disseminated TB (n = 105).
Half of the patients (n = 107; 50.4%) were newly diagnosed as TB
during the current ICU admission. Patients with disseminated TB
had significantly (p value = 0.04) longer duration of hospital stay

3
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Table 4: Factors associated with mortality

Bivariate analysis Multivariate analysis
Factor OR 95% ClI p value OR 95% Cl pvalue
Age* 1.02 1.0-1.03 0.05 1.0 0.98-1.02 1.0
APACHE II* 1.1 1.06-1.17 <0.001 1.06 1.1-13 0.09
Gender* (male) 1.65 0.96-2.86 0.07 2.16 0.99-4.70 0.053
Pulmonary site* 1.73 0.93-3.22 0.09 2.83 1.15-6.95 0.02
Vasoactive support* 9.3 4.7-18.3 <0.001 15.8 6.4-39.2 <0.001
Ventilation 15.2 3.5-66.3 <0.001
Dialysis* 5.6 1.83-17 <0.003 3.63 0.87-15.1 0.08
Ventilation duration 0.97 0.93-1.02 0.23
VFD 1.03 0.98-1.08 0.32
HAI 1.37 0.72-2.6 0.33

VFD, ventilation-free days; HAI, hospital acquired infections; APACHE, acute physiology and chronic health evaluation; VFD, ventilator-free days;

OR, odds ratio; Cl, confidence interval

*Variables incorporated in the multivariate analysis (if p < 0.1 on bivariate logistic regression analysis); Ventilation was not incorporated in the
multivariate logistic model as need for ventilation predicted failure perfectly; pulmonary site was compared with non-pulmonary sites (which

included extrapulmonary and disseminated tuberculosis)

than those admitted with pulmonary TB. Hospital mortality was
50%. Pulmonary site of TB and need for ventilation and vasoactive
treatment were independent predictors of death.

The acute presentation of TB, with moderate to severe illness
severity and a high proportion requiring respiratory (83%) and
hemodynamic (31.6%) support in our cohort, highlights the
importance of considering TB in the differential diagnosis of
patients admitted to the ICU with organ dysfunction. A recent study
noted that tuberculosis may have a shorter incubation period than
generally considered.?® It is possible that the nonspecific nature
of symptoms, particularly in extrapulmonary and disseminated
TB coupled with its protean manifestations, may have delayed
diagnosis and resulted in more acute presentations in the 50% of
patientsin who TB was diagnosed during the current ICU admission.
It was also evident from our study that the reasons for ICU admission
were not only due to TB per se (e.g. ARDS, TB meningitis) but also due
to complications of TB or its treatment or other medical problems
unrelated to TB (Table 1). It is thus important for clinicians to be
aware that nontuberculous processes in a patient with TB may
necessitate ICU admission (Table 5).

Overall, microbiological diagnosis was possible in 75% of the
patients. As a diagnostic tool, Gene Xpert performed better when
compared to MGIT and AFB cultures, more so in disseminated
tuberculosis where the diagnosis can be challenging. It was
interesting to note that the performance of the rapid diagnostic
test (Gene Xpert) was consistent with the published literature.?®
Rifampicin resistance was seen in 10.3% of the isolates. This was
higher than that reported (3.8%) by Valade et al.2

While the overall hospital mortality of patients admitted to
ICU with TB appears to be high (50%), it was comparable to other
published studies>*-681930 with similar illness severity (APACHE-II
18-22.8), where the mortality ranged from 53.8-65.7% (Table 6).
Organ failure*8-'°and severity of illness®> 7% were predictors of an
unfavorable outcome in most studies. Our study is thus consistent
with the published literature of organ failure contributing to death
in TB patients admitted to the ICU. In contrast, APACHE-Il score was
not independently associated with death in our study.

The current study found that pulmonary site of TB and need for
ventilation and vasoactive treatment were independent predictors
of death. This is consistent with a retrospective study of 39 patients

Table 5: Processes in tuberculosis that may require intensive care
admission and management

Site Primary process Secondary process*
Parenchymal lung Fibrocavitary disease Bacterial infection
Miliary TB Fungal (e.g.,

aspergillosis) infection
Tuberculous ARDS TB sequel (e.g., fibrosis)
TB Immune reconstitution
bronchopneumonia

Hemoptysis

(Rasmussen aneurysm)

Pleural disease TB pleural effusion Pneumothorax

TB empyema
TB meningitis

Central nervous Noncommunicating

system hydrocephalus
Basal arachnoiditis Seizures
duetoTB
Tuberculoma Electrolyte
abnormalities
TB brain abscess
Abdominal Massive ascites Secondary sepsis

tuberculosis Intestinal obstruction

Pericardial Pericardial Organ dysfunction
tuberculosis tamponade secondary to heart
Constrictive failure
pericarditis
Musculoskeletal Psoas abscess Paraplegia

tuberculosis Superimposed

bacterial infection
B Airway obstruction
lymphadenopathy
Disseminated TB  Multi-organ
dysfunction

Hypotension

Secondary sepsis

+

*In addition patients on treatment for tuberculosis (TB) may present with
drug toxicity due to antitubercular drugs, intercurrent infections, cardiac
or neurological events unrelated to the primary TB process

*Related to adrenal involvement
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Table 6: Studies exploring factors associated with mortality in critically ill tuberculosis (TB) patients requiring intensive care

Disease Mortality Factors associated with
No Study/country Year Data Samplesize  severity ICU (%) Hospital (%)  mortality
Retrospective studies
1 Current study (India) 2019 5years 212 20.8 (6.6) 42 50 Pulmonary TB, need for
ventilation, vasoactive agents
Muthu et al. (India)®> 2018 16years 63 16.1(7.2) NA 444 APACHE Il, delta SOFA
Duro et al. (Portu- 2017 7years 39 26 (15.8) 385 53.8 Smoking, age, sepsis/septic
gal)* shock, SAPS II/APACHE I,
positive respiratory samples,
MV, vasopressors
4 Loh et al. 2017 5years 75 22.6(7.3) 48 62.7 Low albumin on ICU admission
(Singapore)'?
5 Bhurayanontachai 2016 10years 268 19.6 (4) NA 54.5 Male, consolidation on chest
et al. (Thailand)' X-ray and low serum albumin
6 Filizet al. (Thaliand)® 2016 3years 35 18 (7-32) NA 62.9 SOFA score, risk of mortality
7.58 times higher with MV
7 Rollas et al. (Turkey)® 2015 6years 16 21.5(6-36) 43.8 NA Immunosuppression,
nosocomial infection, APACHE
Il and SOFA scores, MV
8 Lanoix et al. 2014 20years 97 4(0-17)t 21.7 33 SAPS Il score
(France)’
9 Valade et al. 2012 10years 53 31(22-50)" 38 NA Miliary TB, MV and vasopressor
(France)® requirement on ICU
admission
10 Leeetal. (Korea)'* 2011 10years 67 213 (8.1) 582 61.2 SOFA score
11 Silvaetal. (Brazil)> 2010 2years 67 22.8(6.8) 56.7 65.7 Early ICU admission, VAP
12 Linetal!' (Taiwan) 2009 17 59 NA NA 67.8 Multiple organ failure syn-
months drome, nosocomial pneumo-
nia
13 Kim et al. (Korea)'> 2008 18years 90 74.9 (24)* NA 65.6 Advanced age, Shock
unrelated to sepsis
14 Ryuetal. (Korea)'® 2007 10years 32 16 (8-36) NA 59 Destroyed lungs, APCHE II>
20, MV
15 Erbes et al.’ 2006 12years 58 13.1(5.6) 224 259 Acute renal failure, MV, chronic
(Germany) pancreatitis, sepsis, ARDS,
nosocomial pneumonia
16 Sharma et al. 2006 23years 29 18.5(5.7) NA 414 APACHE Il score >18;
(India)"’ APACHE Il score <18 in the
presence of hyponatremia and
PaO,/FIO, ratio <108.5in TB
ARDS
17 Lee et al. (Taiwan)'® 2003 5y 4 16.8 (7.5) 60.9 65.9 Multiple organ failure and
consolidation on chest
radiograph
18 Zahar et al. 2001 8y 99 NA 26.2 ** Time from symptom onset
(France)" to initiate treatment > 1
month, organ failures number,
serum albumin, extent of lung
involvement X-ray chest
Prospective
studies
1 Balkemaetal. (SAf- 2014 16m 83 20.7 (8.3) 442 59.0 APACHE Il score, renal failure.

rica)'®

Year, year of publication; data represents data collection over years (y) or months (m); ARDS, acute respiratory distress syndrome, MV, mechanical
ventilation, VAP, ventilator associated pneumonia, APACHE I, acute physiology and chronic health evaluation, SOFA, sequential organ failure assessment
score, IMV, invasive mechanical ventilation, SAPS, simplified acute physiology score, disease severity indicated by APACHE Il unless specified as 'Where it
indicates SAPS Il score, values in parenthesis are standard deviation (SD) or interquartile range (IQR); *APACHE llI; **30-day mortality
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(66.7% ventilated), where isolated pulmonary TB (n = 28, 71.8%) was
associated with mortality.* On the other hand, in a French study
of 53 patients (51% ventilated), Valade et al.2 reported that miliary
pulmonary TB, which was observed in 25% of the patients and was
predictive of fatality on multivariate analysis.

The discordant observations between the above two studies
may be partly explained by the relatively small cohorts that reported
multiple associations. Although the French study® was consistent
with our study in reporting an association between need for
mechanical ventilation and vasopressor requirement and mortality,
the association between miliary pulmonary TB and mortality
contrasted our observations. On further study of the data from this
study,® only two patients had a non-pulmonary site of TB without
pulmonary involvement. The remaining patients had pulmonary,
pleural or mediastinal TB; 25% (n = 13) were categorized as miliary
TB and 53% (n = 28) were classified as multi-lobar involvement.
This could partly explain the difference between the French study
and the current study.

The higher mortality risk in pulmonary TB when compared
to extrapulmonary and disseminated TB is difficult to explain.
It is possible that a relatively “hypoimmune” system?* in extra-
pulmonary and disseminated TB group combined with animmune
reconstitution-like syndrome in patients with pulmonary TB could
have contributed to the difference in outcome between these
two types of presentations. However, this was not explored in
the study.

The need for prolonged ICU stay and ventilation in patients
with TB pre-disposes these patients to nosocomial infections.
Although the incidence of HAI in this study was high (23.6%), this
did not contribute to mortality on logistic regression analysis.
Three previous studies>®'"" reported an association between
nosocomial infection and death. In our study, extrapulmonary TB,
when compared with pulmonary TB, had a trend (p value = 0.06)
to a higher incidence of HAI.

The study needs to be interpreted in the light of the following
limitations. The study was retrospective; however, all data were
available from the hospital and ICU electronic database. Despite
the battery of tests available for diagnosis of TB in our institution,
confirmation of diagnosis was possible only in about 75% of
patients. In order to study the performance of the tests, it would
have been ideal to analyze appropriate samples of all patients.
Despite these limitations, this large study has systematically
analyzed data and outcomes of critically ill TB patients with
pulmonary, extrapulmonary or disseminated TB. This study also
highlights that TB should be considered as a differential diagnosis
in those presenting with organ dysfunction, since early diagnosis
may result in improving outcomes.

CoNcLUSION

Despite advances in the management of critically ill patients,
those admitted with TB or diagnosed to have TB during intensive
care admission continue to have a high mortality. Pulmonary site
of involvement and need for organ support were associated with
unfavorable outcomes. Early diagnosis through rapid diagnostic
tests, appropriate supportive and specific therapy, and prevention
of nosocomial infections would be key to improving outcomes
in critically ill TB patients. Increasing awareness of tuberculosis
presenting with organ dysfunction and prioritizing research in
tackling this problem is the need of the hour.

What This Study Adds

« Tuberculosis can have acute presentation with multisystem
organ damage.

+ Pulmonary TB and requirement of organ support were
associated with unfavorable outcomes.

« Reasons for ICU admission were not only due to TB per se (e.g.
ARDS and TB meningitis) but also due to complications of TB or
its treatment or other medical problems unrelated to TB.

+  Gene expert can help in early diagnosis and performed better
than other microbiological assays in all forms of TB.
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