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BACKGROUND: Despite effective treatments, tuberculosis-related
mortality remains high among patients requiring admission to the
intensive care unit (ICU).

OBJECTIVE: To determine prognostic factors of death in tuberculosis
patients admitted to the ICU, and to develop a simple predictive scor-
ing system.

METHODS: A 10-year, retrospective study of 53 patients admitted
consecutively to the Hopitaux de Paris, Hopital Lariboisiere (Paris,
France) ICU with confirmed tuberculosis, was conducted. A multi-
variate analysis was performed to identify risk factors for death. A
predictive fatality score was determined.

RESULTS: Diagnoses included pulmonary tuberculosis (96%) and
tuberculous encephalomeningitis (26%). Patients required mechanical
ventilation (45%) and vasopressor infusion (28%) on admission.
Twenty patients (38%) died, related to direct tuberculosis-induced
organ failure (n=5), pulmonary bacterial coinfections (n=14) and pul-
monary embolism (n=1). Using a multivariate analysis, three indepen-
dent factors on ICU admission were predictive of fatality: miliary
pulmonary tuberculosis (OR 9.04 [95% CI 1.25 to 65.30]), mechanical
ventilation (OR 11.36 [95% CI 1.55 to 83.48]) and vasopressor require-
ment (OR 8.45[95% CI 1.29 to 55.18]). A score generated by summing
these three independent variables was effective at predicting fatality
with an area under the ROC curve of 0.92 (95% CI 0.85 to 0.98).
CONCLUSIONS: Fatalities remain high in patients admitted to the ICU
with tuberculosis. Miliary pulmonary tuberculosis, mechanical ventilation
and vasopressor requirement on admission were predictive of death.
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La tuberculose a I'unité de soins intensifs : une
étude de cohorte descriptive rétrospective et la
détermination d’un indice prédictif de fatalité

HISTORIQUE : Malgré des traitements efficaces, la mortalité liée a la
tuberculose demeure élevée chez les patients qui doivent étre hospitalisés a
l'unité de soins intensifs (USI).

OBJECTIF : Déterminer les facteurs pronostiques de déces chez les
patients tuberculeux admis & 'USI et élaborer un systeme d’indice prédictif
simple.

METHODOLOGIE : Les chercheurs ont mené une étude rétrospective
d’une durée de dix ans aupres de 53 patients hospitalisés consécutivement
a I'USI de I'Hopital Lariboisiere des Hopitaux de Paris, en France, en
raison d’'une tuberculose confirmée. Ils ont procédé a une analyse
multivariée pour déterminer les facteurs de risque de déces et ont établi un
indice prédictif de fatalité.

RESULTATS : Les diagnostics incluaient une tuberculose pulmonaire
(96 %) et une encéphaloméningite tuberculeuse (26 %). Les patients
avaient besoin d’'une ventilation mécanique (45 %) et d’une perfusion de
vasopresseur (28 %) a 'admission. Vingt patients (38 %) sont décédés en
raison d'une insuffisance organique liée directement a la tuberculose
(n=5), de co-infections bactériennes pulmonaires (n=14) et d'une embolie
pulmonaire (n=1). Selon I'analyse multivariée, trois facteurs indépendants
a l'admission & PUSI étaient prédictifs d’'une fatalité : une tuberculose
miliaire (RRR 9,04 [95 % IC 1,25 a 65,30]), une ventilation mécanique
(RRR 11,36 [95 % IC 1,55 a 83,48]) et des besoins vasopressifs (RRR
8,45 [95 % IC 1,29 a 55,18]). Un indice conforme a la somme de ces trois
variables indépendantes était efficace pour prévenir la fatalité, avec une
zone sous la courbe ROC de 0,92 (95 % IC 0,85 4 0,98).
CONCLUSIONS : Les déces demeurent élevés chez les patients
tuberculeux admis a 'USI. La tuberculose miliaire, la ventilation mécanique
et les besoins vasopressifs a 'admission sont prédictifs d’'un déces.

Tuberculosis remains a major public health issue despite available
effective therapies. In 2007, an estimated 1.78 million people died
from tuberculosis, which made it the leading infectious cause of fatal-
ities worldwide (1). However, diagnosis may be difficult due to atypical
presentations, resulting in delay of specific antibiotic therapy. Rarely,
organ failure occurs. Patients with tuberculosis requiring intensive care
unit (ICU) admission represent approximately 1% to 3% of all patients
with tuberculosis (2). Data regarding tuberculosis in the ICU are sparse
and generally refer to respiratory failure (2-8). The prognosis for tuber-
culosis patients appears significantly worse than for individuals experi-
encing nontuberculous pneumonia requiring mechanical ventilation
(7). Our aims were to investigate circumstances surrounding ICU
admission leading to the diagnosis of tuberculosis and to determine
prognostic factors of death to develop a simple scoring system.

METHODS

Patient selection and definitions

The medical charts of all patients ultimately confirmed to have
tuberculosis who were hospitalized in the Hopitaux de Paris, Hopital
Lariboisiere (Paris, France) ICU over a 10-year period (March 2000
to July 2009) were retrospectively reviewed. A patient list of confirmed
cases of tuberculosis was obtained from the microbiology laboratory
database. Usual clinical and laboratory parameters were collected,
and final outcomes of survival or death were recorded. A diagnosis of
tuberculosis was based on a positive Mycobacterium tuberculosis culture
in one or more biological fluids or biopsied tissue obtained during the
hospital stay. Miliary tuberculosis was defined as the presence of dis-
seminated micronodules on chest radiograph or tomography. Organ
system dysfunction and acute respiratory distress syndrome (ARDS)
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TABLE 1
Characteristics of patients with tuberculosis according to outcome (n=53)
Nonsurvivors OR
All patients (n=53)  Survivors (n=33) (n=20) (95% ClI) P
Demographic parameters
Age, years 41 (32-52) 40 (30-47) 45 (34-55) 5 (-7 to 15) 0.3
Sex ratio, male to female, n/n 40/13 2617 14/6 —8.8 (-35.8t0 18.6) 0.5
Body mass index, kg/m? 20 (17-24) 20 (17-26) 21 (17-23) 1(-3t05) 0.9
HIV infection, n (%) 12 (23) 7 (21) 5 (25) 4.4 (-24.910 33.3) 0.7
Homeless, n (%) 17 (32) 7 (21) 10 (50) 28.8 (2.8 to 54.8) 0.04
Clinical features
Temperature, °C 38.7 (37.6-39.6) 38.9 (37.8-39.9) 38.1 (37.3-39.1) —0.9 (-1.81t0 0.5) 0.05
Glasgow Coma score 14 (12-15) 15 (13-15) 13 (7-15) -2 (=710 0) 0.01
Systolic blood pressure, mmHg 96 (80-118) 105 (94-119) 80 (65-104) -25 (-38t0 -2) 0.004
Heart rate, beats/min 125 (105-143) 119 (101-138) 135 (121-145) 16 (-1 to 35) 0.1
Respiratory rate, breaths/min 31 (25-38) 29 (24-34) 35 (30-45) 6.5 (0.1 to 14) 0.03
Extrapulmonary involvement, n (%) 15 (28) 10 (30) 5(25) -5.3(-29.9t0 19.3) 0.7
Radiological findings
Miliary syndrome, n (%) 13 (25) 5 (15) 8 (40) 24.8 (-2.7 to 50.3) 0.05
Multilobar involvement (23 lobes), n (%) 28 (53) 12 (38) 16 (84) 46.7 (23.31t0 70.2) 0.001
Biological parameters
Pa0,/Fi0, mmHg 285 (188-385) 347 (265-441) 170 (109-342) —177 (-288 to -1) 0.002
HCO,~, mmol/L 24.0 (20.0-28.0) 24.0 (22.0-27.0) 22.5 (19.5-28.5) —1.5 (-5 to 3.5) 0.4
Plasma lactate concentration, mmol/L 1.9 (1.2-3.0) 1.5(1.0-2.4) 2.3(1.8-4.7) 0.8 (0.1t03.1) 0.02
Prothrombin index*, % 73 (59-82) 75 (72-86) 61 (46-78) —-14 (26 to 0) 0.01
Serum creatinine, pmol/L 66 (52-90) 68 (52-81) 63 (46-121) -5 (-21to 31) 0.9
C-reactive protein, mg/L 95 (32-188) 65 (21-134) 122 (95-235) 57 (19 to 163) 0.02
Physiological score
SAPS I 31 (22-50) 28 (20-34) 50 (36-69) 22 (1310 41) 0.0002
Acute renal injury™, n (%) 5(9) 1(3) 4 (20) 17 (-10.7 to 43.2) 0.06
Microbiological data
Positive direct examinations, n (%) 30 (57) 14 (42) 16 (80) 34.5 (10.1 to 59) 0.021
Delay to the first microbiological proof, days 4 (1-28) 19 (2-29) 1(1-11) -18 (-23t0 0) 0.07
Delay to positive Mycobacterium tuberculosis 19 (10-29) 21 (12-31) 14 (10-22) -8 (-14to0 1) 0.09
culture, days
Management in the intensive care unit (ICU)
Mechanical ventilation on admission, n (%) 24 (45) 7 (21) 17 (85) 63.8 (42.8 to 84.8) <0.0001
Duration, days 6 (3-17) 6 (3-27) 6 (2-17) 0 (-8 to 23) 0.7
Vasopressor infusion on admission, n (%) 15 (28) 2 (6) 13 (65) 58.9 (36.5 to 81.4) <0.0001
Antituberculosis therapy in the ICU, n (%) 40 (75) 21 (64) 19 (95) 31.4 (3.5 t0 55.6) 0.02
Delay, days 3(0-21) 4 (2-23) 2 (0-7) -2 (-19 to 0) 0.04
Hemodialysis, n (%) 9 (17) 1(3) 8 (40) 37 (9.8 t0 60.8) 0.001
Outcome
Length of ICU stay, days 6 (3-16) 6 (3-13) 8 (3-19) 2 (-4 to 10) 0.7
Hospital-acquired infections, n (%) 11 (21) 2 (6) 9 (45) 38.9 (11.8 to 62.5) 0.001

Data presented as median (interquartile range) unless otherwise indicated. Bolded values indicate statistical significance. *Prothrombin index (in which a decrease
corresponds to an increase in prothrombin time or internationalized normalized ratio) represents the percentage of the patient-to-normal value ratio; TAcute renal
injury was determined using the definition and the estimated baseline creatinine according to Bellomo et al (9); *Delay to the first microbiological proof of tuberculo-
sis: delay between intensice care unit (ICU) admission and the date of either a positive direct examination or a positive culture when the direct examination was
negative. PaO,/FiO, Ratio of partial pressure of arterial oxygen to the fraction of inspired oxygen; SAPS Il Simplified Acute Physiology score Il

were assessed using standard definitions. Renal injury was defined
according to the Risk, Injury, Failure, Loss and ESRD (RIFLE) criteria
(9). Physiological variables measured on admission were used to calcu-

late the Simplified Acute Physiology Score (SAPS) II (10).

Statistical analysis

Continuous variables were expressed as means (+ SD) or median (inter-
quartile range [IQR]) depending on their distribution and compared
using Student t tests or, if not applicable, Mann-Whitney U tests.
Qualitative variables were reported as frequencies and percentages and
compared using ¥* or Fisher’s exact tests when appropriate. Logistic
regression with Firth’s correction was used to identify independent
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predictors of death. A univariate logistic regression was performed first.
Statistically significant variables at a 20% threshold in the univariate
analysis were introduced into the stepwise multivariate logistic regres-
sion model to select independent predictive factors for the end point.
The ORs were reported with their 95% Cls. The final model was evalu-
ated for its predictive performance using the area under the ROC curve
and was reported with its corresponding 95% Cls. To test the robustness
of the model, internal validation was performed using bootstrap proced-
ures (1000 bootstrap samples) to estimate over optimism associated with
the area under the ROC curve and Brier scores (model scores range from
0 [perfect] to 0.25 [worthless]). The two-sided significance level was set
at 5%. Analyses were conducted using SAS version 9.2 software (SAS
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Figure 1) Flow chart of patients according to the initial suspicion of tuber-
culosis and antituberculosis treatment in the intensive care unit (ICU)

Institute Inc, USA) and R2.11 software (www.R-project.org); P<0.05
was considered to be statistically significant.

RESULTS

Patient characteristics

During the 10-year period, 824 patients with tuberculosis were referred
to and treated at the Hopitaux de Paris, Hopital Lariboisiere, of
whom 53 patients (median age 41 years IQR 32 to 52 years]; 40 men
and 13 women) were included in the present study (Figure 1). Patients
included smokers (62%), alcohol abusers (42%), drug addicts (12%)
and individuals infected with HIV (23%). Approximately one-third
(32%) of the patients were homeless and one-half (50%) were of
African origin. Patients experienced chronic pulmonary disease
(19%), cancer (8%) and type 2 diabetes (4%). Symptoms on ICU
admission included respiratory failure (57%), altered consciousness
(55%; Glasgow Coma score <10 in 19%), cardiovascular failure
(42%), meningeal syndrome (19%), seizures (15%) and renal injury
(9%). Patients presented with weight loss (83%), fever (78%; median
temperature 38.7°C [IQR 37.6°C to 39.6°C]), cough (63%),
nightsweats (56%), chest pain (18%) and hemoptysis (10%). Median
serum C-reactive protein levels were 95 mg/L (IQR 32 mg/L to
188 mg/L); hyponatremia was 58%j; median serum sodium concentra-
tion 134 mmol/L (IQR 128 mmol/L to 136 mmol/L), and abnormal
liver enzyme levels (21%) were also observed. Eleven patients had
received antibiotics before ICU admission, including beta-lactams
(n=7), fluoroquinolones (n=3) and erythromycin (n=1).

Tuberculosis diagnosis

Pulmonary tuberculosis was diagnosed in 51 of 53 patients (96%),
either during their stay in the ICU or in the medical wards. Two
patients (4%) presented with extrapulmonary tuberculosis without
pulmonary involvement. Chest x-rays showed alveolar pneumonia
(50%), nodules (25%), miliary lesions (25%), cavitary lesions (23%),
pleural effusion (29%) and mediastinal lymphadenopathy (27%).
More than two lobes were involved in 28 of 53 patients (53%).
Tuberculous encephalomeningitis was diagnosed in 14 of 53 patients
(26%). Cerebral imaging revealed hydrocephalus (four of 14), abscesses
(one of 14) and vasculitis (one of 14). Cerebrospinal fluid analysis
showed a white blood cell count of 290x10%L (IQR 150x10%/L to
366x10%/L), lymphocytes at 94% (IQR 86% to 97%), a glucose level
of 1.6 mmol/L (IQR 0.9 mmol/L to 2.0 mmol/L) and a protein level of
2.5 g/L (IQR 1.2 g/L to 3.2 g/L). Other tuberculosis foci were diag-
nosed in 10 of 53 patients, including adenitis (n=5) and spondylo-
discitis (n=2), and were also localized to the urogenitary system (n=2)
and bone marrow (n=1). All tuberculosis diagnoses were confirmed by
culture. Two strains were resistant to rifampin. The median duration
between sampling and culture positivity was 19 days (IQR 10 to
29 days). One blood culture was positive for M tuberculosis.
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TABLE 2
Data comparisons according to the site where anti-

tuberculosis treatment was initiated

Patients
Patients who  who did not
received anti- receive anti-
tuberculosis  tuberculosis
treatment in treatment in the
the ICU (n=40)  ICU (n=13) P

Demographics and comorbidities

Age, years 41 (31-52) 41 (31-55) 0.6
Sex ratio, male/female, n/n 30/10 10/3 0.9
HIV infection, n (%) 9 (23) 3 (23) 0.8
Chronic pulmonary diseases, n (%) 6 (15) 4 (31) 0.7
Alcohol abuse, n (%) 14 (35) 8 (62) 0.02
Drug addiction, n (%) 3(8) 3(23) 0.1

Clinical findings on ICU admission

Temperature, °C 38.7 (37.5-39.5) 38.4 (37.6-39.8) 0.8

Glasgow Coma score 14 (10-15) 15 (14-15) 0.2
Systolic blood pressure, mmHg 96 (80-120) 105 (89-112) 0.5
Heart rate, beats/min 124 (108-139) 128 (99-147) 0.7
Respiratory rate, breaths/min 32 (27-38) 30 (24-37) 0.6
SAPS II 32 (24-55) 28 (22-40) 0.2
Management and outcome
Mechanical ventilation, n (%) 24 (60) 3 (23) 0.02
Vasopressor infusion, n (%) 20 (33) 2 (15) 0.03
Length of ICU stay, days 9 (5-18) 3 (3-5) 0.004
Hospital-acquired infections, n (%) 11 (28) 0 (0) 0.03

Data presented as median (interquartile range) unless otherwise indicated.
Bolded values indicate statistical significance. ICU Intensive care unit; SAPS I
Simplified Acute Physiology score I

ICU management

The median duration of ICU stay was six days (IQR three to 16 days).
Management included mechanical ventilation (51%j; median duration
six days [IQR three to 17 days]), vasopressors (42%), corticosteroids
(50%), hemodialysis (17%) and pulmonary embolization (4%).
Among ventilated patients, eight were initially treated with non-
invasive ventilation; however, all eventually required intubation.
Quadruple antituberculosis therapy was administered in the ICU
(75%) with a median three-day (IQR zero to 21 days) delay after
admission. Diagnosis was made after ICU transfer to the medical wards
(25%) and antituberculosis therapy was continued. In these cases, the
diagnosis on ICU discharge was bacterial pneumonia (n=8), pleural
lymphocytic effusion (n=3), pneumocystosis in an HIV-infected
patient (n=1) and cardiogenic pulmonary edema (n=1).

Outcome and prognostic factors

Eleven patients developed mechanical ventilation-acquired pneumonia
(Pseudomonas aeruginosa, 33%). Twenty patients (38%) died in the ICU.
Death was related to tuberculosis-induced ARDS or cardiovascular fail-
ure (n=5), pulmonary coinfections (n=4), hospital-acquired pneumonia
(n=10) and massive pulmonary embolism (n=1). The univariate analy-
sis is shown in Table 1. Comparisons between patients who received
antituberculosis therapy in the ICU and those who were treated after
transfer to the medical ward are shown in Table 2. Using a logistic
regression model, three independent factors on ICU admission were
associated with mortality: miliary pulmonary tuberculosis, mechanical
ventilation and vasopressor requirement (Table 3). The area under the
ROC curve of our model was 0.92 (95% CI 0.84 to 0.99). The area
under the ROC curve-associated optimism, evaluated using a bootstrap
procedure, was 3% and the bias-corrected Brier score was moderate and
equal to 0.13. The output from the multivariate logistic regression was
used to build a simple score by summing the three independent variables
(Table 4). This score was effective for predicting fatality rate with an
area under the ROC curve of 0.92 (95% CI 0.85 to 0.98) (Table 5).
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TABLE 3

Logistic regression analysis to predict final outcome (survival versus death) based on clinical findings on intensive care
unit (ICU) admission in Mycobacterium tuberculosis-infected patients

Univariate analysis

Multivariate analysis

Variable OR (95% ClI) P OR (95% Cl) P
Temperature 0.7 (0.48-1.04) 0.08

Glasgow Coma score 0.81 (0.68-0.97) 0.02

Systolic blood pressure 0.96 (0.94-0.99) 0.02

Heart rate 1.01 (0.99-1.03) 0.3

Respiratory rate 1.08 (1.01-1.15) 0.03

SAPS I 1.06 (1.02-1.1) 0.002

C-reactive protein 1(1-1.01) 0.1

PaO,/FiO, 0.99 (0.99-1) 0.002

Plasma lactate concentration 1.29 (0.96-1.74) 0.09

Prothrombin ratio 0.96 (0.93-0.99) 0.02

Hemoglogin 0.83 (0.66-1.04) 0.1

Renal injury 5.91 (0.72-48.77) 0.1

Multilobar involvement (=3 lobes) 7.73 (1.95-30.68) 0.004

Miliary tuberculosis 3.52 (0.96-12.94) 0.06 9.04 (1.25-65.30) 0.03
Catecholamine infusion 22.68 (4.53-113.48) <0.0001 8.45 (1.29-55.18) 0.03
Mechanical ventilation 17.67 (4.22-73.89) <0.0001 11.36 (1.55-83.48) 0.02

PaO,/FiO, Ratio of partial pressure of arterial oxygen to the fraction of inspired oxygen; SAPS Il Simplified Acute Physiology Score Il

TABLE 4

The distribution of a simple intensive care unit (ICU)
tuberculosis score to predict death in tuberculosis-infected
patients admitted to the ICU

TABLE 5
Validation of a simple intensive care unit (ICU) tuberculosis

(TB) score to predict death in TB-infected patients admitted
to the ICU

ICU tuberculosis score Survivors (n=33) Nonsurvivors (n=20)

0 22 (67) 0 (0)

1 8 (24) 5 (25)
2 3(9) 12 (60)
3 0 (0) 3 (15)

Data presented as n (%). *The score (values from 0 to 3) is based on the sum of
three parameters: military tuberculosis (yes: +1, no: 0), required mechanical
ventilation on ICU admission (yes: +1, no: 0), and required vasopressor infusion
(yes: +1, no: 0).

DISCUSSION
In a series of tuberculosis patients admitted to the ICU in France, we
found an elevated death rate (38%). We demonstrated that miliary
tuberculosis, mechanical ventilation and vasopressor requirement on
ICU admission were predictive of a fatal outcome. We determined a
simple scoring system that was predictive of fatality based on these
three independent factors.

The major features of patients with tuberculosis requiring ICU
admission included acute respiratory distress, altered consciousness
and cardiovascular failure. A recent study (3) reported the following
primary causes for ICU admission in 67 patients with tuberculosis in
Brazil: respiratory failure (63%), cardiopulmonary arrest (10%), septic
shock (7%), sepsis (6%) and altered sensorium (6%). Another study
involving 99 patients (7) assessed the presence of shock, neurological
disorders and renal failure in addition to acute respiratory failure, in
20%, 18% and 10% of the patients with active pulmonary tuberculosis
admitted to the ICU, respectively. In our series, respiratory failure was
the primary cause for patient admission (57%). Tuberculosis is a rare
cause of ARDS, representing approximately 4.9% of the cases in one
series (11). Among patients with pulmonary tuberculosis, those with
miliary and disseminated forms are more likely to require mechanical
ventilation and develop ARDS (7). Altered consciousness was present
in 55% of our patients. Of these patients, 14 had tuberculous meningi-
tis with abnormal neuroradiological findings including hydrocephalus,
meningeal hyperfixation and abscesses in one-half of the cases. In the
remaining 15 patients, neurological disorders were related to severe
sepsis and hypoxemia in the absence of meningitis and abnormal com-
puted tomography scans. Cardiovascular failure (42%) was
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ICUTB Predictive value

score Sensitivity, Specificity  Positive Negative  Accuracy

0 — — — — —

1 100 (83-100) 67 (48-82) 65 (45-81) 100 79 (66-89)
(85-100)

2 75 (51-91) 91 (76-98) 83 (59-96) 86 (70-95) 85 (72-93)

3 15 (3-38) 100 (89-100) 100 (29-100) 66 (51-79) 68 (54—80)

Data presented as median % (interquartile range). The ICU TB score (values
from 0 to 3) is based on the sum of three parameters: military tuberculosis (yes
=1, no = 0), required mechanical ventilation on ICU admission (yes = 1; no = 0)
and required vasopressor infusion (yes = 1; no = 0).

related to sepsis, mainly due to bacterial coinfections and only rarely to M
tuberculosis, suggesting a major role for associated pulmonary infections
in the acute presentation of tuberculosis requiring [CU admission.
We found a mortality rate of 38%, which appears to be consist-
ent with what has been reported previously in the literature (22% to
69%) (2-8,12). Mortality differed among these series according to the
proportion of mechanically ventilated patients and extrapulmonary
involvements. Consistently, Erbes et al (5) found a mortality rate of
66%, while greater than 90% of their patients required mechanical
ventilation. Similarly, 68% of the 59 mechanically ventilated tuber-
culosis patients in a Taiwanese study (5) died. In contrast, when the
rate of ventilated patients was lower (37.9%), mortality rate among
tuberculosis patients was reduced (22.4%). In ventilated patients,
the mortality rate with tuberculosis is nearly twice that for usual
bacterial pneumonia (7). Of the patients who died in our series, 25%
died directly from M tuberculosis-associated ARDS or septic shock
without evidence of any other bacterial infection, as has been previ-
ously described among immunocompetent patients (13,14). However,
death generally resulted from community-acquired bacterial coinfec-
tions or ventilator-associated pneumonia. Interestingly, all cases of
hospital-acquired pneumonia, except one, led to the patients’ death,
due to the severity of the underlying tuberculosis damage affecting
the lungs. Contributions from hospital-acquired infection, particu-
larly with Gram-negative bacteria, in tuberculosis death has been
suggested (4). Lin et al (12) found that nosocomial pneumonia was
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independently associated with in-hospital mortality. Surprisingly, in
one report, ventilation-associated pneumonia was found to be protect-
ive for mortality; however, its contribution to death was noted to be a
confounding factor due to the long duration of mechanical ventilation
in survivors (2).

In our study, prognosticators of fatality on ICU admission were
miliary pulmonary tuberculosis, mechanical ventilation (mainly for
acute respiratory distress) and cardiovascular failure requiring vaso-
pressors within the first 24 h. We were able to determine a simple
predictive fatality score in patients with active tuberculosis admitted
to the ICU. To the best of our knowledge, no scoring system has been
published. In the literature, other clinical parameters have been sig-
nificantly associated with death in the ICU, including high Acute
Physiology and Chronic Health Evaluation (APACHE) II or SAPS 11
scores, sepsis, organ failure (ARDS and acute renal failure), hypoalbu-
minemia (<20 g/L) and multilobar involvement (2-8). Predicted
mortality based on our score was significantly higher than what was
predicted using SAPS 11, except for class 0. This observation supports
the notion that differences exist between both models regarding tuber-
culosis patients and, as previously shown, that SAPS II can underesti-
mate mortality (7,15). Interestingly, a Sequential Organ Failure
Assessment (SOFA) score was evaluated as being a valuable prognos-
tic indicator in ICU patients with ARDS caused by miliary tuberculo-
sis (16). Thus, we believe that our score could be complementary to
SOFA and SAPS II scores, allowing for better assessment of the final
prognosis for such patients. However, in contrast to our findings show-
ing that miliary tuberculosis was predictive of death, Ki et al (17) did
not find any differences regarding mortality among 66 patients with
tuberculous pneumonia and 24 with miliary tuberculosis, while shock
and advanced age were associated with poor outcome. Late admission
to the ICU, as well as delayed treatment (>1 month after symptom
onset), have also been recognized as risk factors for death (2,5,6).
Similarly, in another study including 99 ICU patients in France (7),
delayed treatment was assessed as an independent predictor of three-
day mortality with an OR of 3.73. In contrast, similar to our study,
comorbidities including chronic obstructive pulmonary disease, alco-
hol abuse, cancer and HIV infection did not impact tuberculosis mor-
tality rate in the ICU (2-8). HIV-infected patients have been reported
to be more likely to have extrapulmonary, disseminated and miliary
tuberculosis (18). In our study, HIV-infected patients (23%) were
severely immunocompromised (CD4 T lymphocyte count <200x10%/L)
with a high incidence of extrapulmonary forms (50%); their mortality
rate was comparable with non-HIV infected patients.

Tuberculosis patients are generally admitted to the ICU because of
life-threatening symptoms requiring immediate supportive management
including mechanical ventilation and vasopressors. Noninvasive venti-
lation has been shown to be effective in several cases of M tuberculosis-
related ARDS (19). In the present study, noninvasive pressure support
ventilation was initiated in eight patients; however, all of them ultim-
ately required intubation. Delayed diagnosis of tuberculosis is also com-
mon in the ICU. In one series, diagnosis was obtained on postmortem
findings in three of 61 tuberculosis patients admitted to the ICU (8). In
our series, 25% of patients did not receive antituberculosis antibiotics
until after transfer from the ICU to the medical wards. These patients
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presented with acute respiratory distress or features that were related to
either nontuberculosis bacterial pneumonia or noninfectious etiologies.
Direct M tuberculosis staining and polymerase chain reaction tests were
negative. They received general antibiotics and supportive care, which
were effective treatments leading to improvement and transfer out of the
ICU, despite no prophylactic antituberculosis treatment. Interestingly,
the median delay for positive cultures was 19 days, while the median
length of ICU stay was six days. Atypical presentations, including con-
solidations or absence of any abnormalities on chest radiographs, are
known to be underdiagnosed (5,6). A long duration of respiratory symp-
toms before ICU admission in severe pneumonia should heighten suspi-
cion for possible undiagnosed pulmonary tuberculosis (14). Fortunately,
none of our patients with undiagnosed pulmonary tuberculosis died after
transfer to the medical ward, despite treatment delay, which has been
shown to worsen outcomes (3,6,7,20). Surprisingly, delayed diagnosis
and initiation of quadruple antituberculosis therapy were not associated
with a worsening prognosis in our study. These patients appeared to be
less critically ill on ICU admission, with a significantly lower need for
vasopressors and mechanical ventilation and a subsequently shorter
length of ICU stay (Table 2). We acknowledge that this finding may
represent a bias — patients with atypical presentations, negative direct
microbiological tests and no life-threatening symptoms received specific
antibiotics only after microbiological evidence of tuberculosis. In con-
trast, tuberculosis associated with lung damage and miliary forms of
tuberculosis were more rapidly treated with antituberculosis therapy.

Our study has significant limitations related to its retrospective
nature and single-centre methodology. Our study may have been
underpowered due to the small number of patients. Patients with mas-
sive hemoptysis were not admitted to our hospital because emboliza-
tion is not available in our hospital. Due to our inclusion criteria and
to the retrospective nature of our study, the definitive contribution of
tuberculosis to critical illness requiring ICU admission may be difficult
to assess. The partial reversibility of ICU-precipitating events in
13 patients who did not receive specific antituberculosis treatment
may argue against a direct role for tuberculosis in determining the final
ICU outcome. However, based on a case-by-case analysis, we esti-
mated that tuberculosis significantly contributed to critical illness of
all our patients. Finally, we were not able to analyze the consequences
of resistance to antituberculosis agents because only two patients had
rifampicin-resistant strains.

CONCLUSIONS

Despite available effective treatments, tuberculosis may still require
ICU admission and result in high fatality rates in the 21st century,
even in a developed country such as France. Miliary pulmonary tuber-
culosis, mechanical ventilation and vasopressor requirements on
admission were associated with increased mortality, with hospital-
acquired infections worsening prognosis. Physicians should be aware of
atypical tuberculosis presentations on ICU admission and maintain
high clinical suspicion, even despite initially negative microbiological
tests.
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