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ABSTRACT: Mortality remains high among patients with pulmonary tuberculosis
requiring mechanical ventilation (TBMYV). This study was carried out to establish the
mortality rates of TBMV and to identify factors that contribute to in-hospital
mortality.

From January 1996-April 2001, there were 825 patients with active pulmonary
tuberculosis at the National Taiwan University Hospital, Taipei, Taiwan. Of these, 41
suffered acute respiratory failure and required mechanical ventilation in the intensive
care unit (ICU). Of these 41 patients, 38 were followed up for 180 days. In-hospital
deaths were documented in the medical records and all possible parameters contributing
to mortality were collected.

Of the 41 patients, 27 died in the hospital and 14 were discharged alive (in-hospital
mortality rate 65.9%), with (meantspD) 40.7+35.4 admission days before death. Of
the 27 that died, 25 died during ICU admission and two died after being transferred
to the ward. The mortality rate for the 180-day monitoring period was 79%. Factors
contributing to in-hospital mortality included consolidations on chest radiographs and
multiple organ failure.

The mortality rate in the patients with pulmonary tuberculosis requiring mechanical
ventilation is very high, with two factors affecting in-hospital mortality. These factors
were multiple organ failure and consolidation on chest radiographs.
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In 2000, an estimated 8 million people were infected and
2 million people died of tuberculosis (TB) worldwide [1-3].
Despite advances in chemotherapy, cases of pulmonary TB
and TB-related critical illness increased dramatically over the
last few decades. In-hospital mortality rate remains high at
~60%, for patients with active pulmonary TB and respiratory
failure [4-10]. This is twice as high as the mortality rate of
patients with pneumonia requiring mechanical ventilation [4,
11, 12].

Delays in the diagnosis and treatment of pulmonary TB
have been recognised as the main causes of death [2, 4, 8,
13-16]. Several studies have sought to reduce these delays by
identifying factors that lead to a high index of suspicion [4, 8§,
13-15, 17-20]. The reasons for delays in diagnosis include the
failure to perform appropriate diagnostic investigation and
the misinterpretation of radiological or clinical manifestations
as malignancy, pneumonia or other conditions [4, 8, 13-15,
17-22].

Reports of active pulmonary TB with acute respiratory
failure are not scarce, but few focus on mechanically ventilated
patients. Such patients have a higher mortality rate than
patients who do not need mechanical ventilation [4-6, 8, 10].
However, >50% of the patients included in these previous
studies were positive for human immunodeficiency virus (HIV)
infection. Hence, conclusions derived from these studies may
not apply to HIV-negative patients.

Therefore, the authors conducted a retrospective study with
three objectives in relation to active pulmonary TB patients
requiring support by mechanical ventilation (TBMYV). These

objectives were: 1) to identify specific patterns in pulmonary
TB that will enable physicians to have a high index of
suspicion; 2) to establish mortality rates of TBMYV; and 3) to
identify factors contributing to in-hospital mortality.

Material and methods
Subjects

Medical records from January 1996-April 2001 were
reviewed for all of the patients diagnosed with pulmonary
TB at the National Taiwan University Hospital, Taipei,
Taiwan, a tertiary-care transfer centre. Sputum culture showed
that 825 patients were positive for Mycobacterium tuberculosis.
Of the 825 patients, 41 had acute respiratory failure and
required mechanical ventilation in the intensive care unit
(ICU). These 41 patients constituted the study group.

Methods

Clinical data were obtained from medical records and
categorised as follows: demographic characteristics, disease
presentations and investigation, and outcomes. These data
included sex, age, comorbidities, coexisting pulmonary diseases,
chronic health status, symptoms, time from onset of symptom-
atology to treatment, characteristics of the TB (pneumonic or
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miliary TB), the presence of extrapulmonary TB, chest radio-
graphic patterns and ICU admission parameters (Acute
Physiology and Chronic Health Evaluation (APACHE) II
scores, numbers of organ failures).

Laboratory tests investigated included white cell count,
HIV status, sputum smears and cultures, drug sensitivity of
M. tuberculosis isolates, arterial blood gas and blood culture.
Other data obtained also included parameters of lung mechanics
(static airway resistance, static compliance), tentative diag-
nosis, treatments (anti-TB therapy, time to anti-TB therapy from
admission, steroids for adult respiratory distress syndrome
(ARDS)), investigations (bronchoscopy, biopsy) and out-
comes (duration of follow-up, hospital and ICU length of
stay, hospital and ICU mortality, duration of mechanical
ventilation and cause of death).

Mortality during the follow-up period was determined
using a combined review of the medical records and telephone
follow-up. Results were further confirmed using the death
certificate registry of the Department of Health, Taiwan.
Other follow-up information was obtained by telephone
interview and a review of medical records.

Miliary TB was defined as the presence of micronodules on
chest radiographs or high-resolution computed tomography.
Conversely, pneumonic TB was defined as nonmiliary paren-
chymal pulmonary TB. Disseminated TB was defined as
active TB without a miliary pattern, but with the involvement
of at least two extrapulmonary sites. Chest radiographs
obtained during the admission procedure were reviewed by
one pulmonologist and were classified as nodular, consolida-
tion, interstitial or cavitary. The extent of lung involvement
was classified as <2 or >3 quadrants.

ARDS was diagnosed based on the consensus of the
American-European conference [23]. Organ failure was diag-
nosed based on the criteria created by Knaus [24, 25], while
multiple organ failure (MOF) was defined as the failure of
more than one organ. Resistance to first-line agents was
determined using critical concentrations in a liquid media and
resistance to second-line drugs was similarly determined on
Lowenstein-Jenssen slants. Multidrug resistance (MDR) was
defined as resistance to at least isoniazid and rifampin.

Tentative diagnosis was defined as the primary diagnosis
made when patients arrived at the hospital. Anti-TB therapy
was defined as the administration of at least two of the
first-line (isoniazid, rifampin, pyrazinamide, ethambutol and
streptomycin) and/or second-line anti-TB drugs. A delay in
the treatment of TB was identified as anti-TB therapy not
initiated within 24 h following hospital admission. The dura-
tion of the delay was counted in days from the day of
admission to the start of the anti-TB therapy. Specimens from
patients who had undergone lung biopsy were reviewed
by a pathologist and classified as the presence of acid-fast
bacilli or giant cells, caseous necrosis, granuloma, chronic
inflammation or fibrosis.

Statistical analysis

The data were compared between the group of patients
who died and the group who survived during hospitalisation.
Continuous variables were compared using an unpaired t-test.
Chi-squared or Fisher's exact tests were used to compare
categorical variables. All of the values were expressed as
meantsp for continuous variables and percentage of the
group for categorical variables.

Variables in the univariate analysis with a p<0.05 were
considered as having statistically significant association with
death. Kaplan-Meier survival curves were used to analyse
the survival of patients. Factors influencing survival were
compared with the log-rank test. Those factors significantly

associated with survival were further analysed with the Cox-
proportional hazard model to adjust for potential confound-
ing effects between each other factor. Hazard ratio (HR) with
95% confidence interval (CI) was used to report the result.

Results

A total of 41 patients were included in the study. Of the 41
patients, 38 were followed for 180 days. Three were followed-
up for shorter periods of 53, 65 and 60 days, due to loss of
contact thereafter.

Demographic characteristics

Table 1 is the list of the demographic characteristics of
the 41 patients. The mean age of all patients was 62 yrs;
the difference between the survivors and those that died
was not statistically significant. Males outnumbered females,
especially among the survivors. None of the 41 patients were
positive for HIV infection. Less than one-half of the patients
(n=20) had underlying illness that would increase the risk of
pulmonary TB. Diabetes was the most common comorbidity.
Eleven (27%) of the patients had other underlying pulmonary
diseases: five had pneumoconiosis, four had obstructive lung
disease and two had interstitial lung disease. However, these
11 patients did not need oxygen therapy before this episode.

Disease presentations

Table 1 shows the characteristics of disease presentations.
Dyspnoea was the most common symptom, instead of cough
and fever. The mean duration from symptoms to admission
was short, 9.0+11.6 days (range 1-60 days). There were twice
as many pneumonic TB cases as miliary TB. Ten patients
(24%) had TB involving extrapulmonary sites: the pleura in
five, brain abscess in two, lymph node, blood and bone
marrow in one, bone marrow in one and muscle in one. Only
one had disseminated TB. Most patients were in critical
condition with mean APACHE II scores above 16 and with
the presence of more than two failed organs.

Radiological features and laboratory parameters

Tables 2 and 3 show the radiological features and labora-
tory parameters, respectively. The most common radiographic
finding was consolidation >3 quadrants. Cavitation was
present in only one-third of the patients (n=15). In 30 patients
with pneumonic TB, 26 had consolidation on chest radio-
graphs. The radiographic findings in four patients without
consolidation included one interstitial, one nodular with
cavitation, one nodular and interstitial, and one cavitary. In
concordance with the radiographic findings, these patients
had severe lung injury (arterial oxygen tension/inspiratory
oxygen fraction <200 and lung injury scores >2.5). Over 60%
of the patients (n=25) had ARDS. The mean airway pressure
was normal. Hypoxaemic respiratory failure was the indica-
tion for mechanical ventilation in 11 (100%) patients with
miliary TB and in 28 (93%) patients with tuberculous
pneumonia. Only two patients with tuberculous pneumonia
were intubated because of hypercapnia.

Among the 41 isolates, seven were drug-resistant. The
presence of drug-resistance patterns ranged from single-drug
resistance to four-drug resistance, with resistance to single
drug being the most common. Four in seven were multidrug
resistant.
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Table 1.—Demographic characteristics and disease presentations of 41 intensive care unit patients with severe active

pulmonary tuberculosis necessitating mechanical ventilation

All Survivors Death p-value
Subjects n 41 14 27
Age yrs 62.0121.8 65.9120.4 60.0+22.6 0.416
Subjects >65 yrs of age 22 (53.7) 9 (64.3) 13 (48.1) 0.326
M/F 34/7 13/1 21/6 0.389
Comorbidities 20 (48.8) 5357 15 (55.6) 0.228
Malignancy 8 (19.5) 3(21.4) 5 (18.5) 0.824
DM 9 (22.0) 3(21.4) 6(22.2) 0.954
Alcoholism 1(2.4) 1(7.1) 0 0.341
Liver cirrhosis 124 0 1(3.7) 1.000
ESRD 1(2.4) 0 1(3.7) 1.000
Immunosuppressive therapy 6 (14.6) 0 6 (22.2) 0.079
Coexisting pulmonary disease 11 (26.8) 4 (28.6) 7 (25.9) 0.856
History of pulmonary tuberculosis infection 19 (46.3) 6 (42.9) 13 (48.1) 0.747
Symptoms
Fever 30 (73.2) 10 (71.4) 20 (74.1) 0.856
Cough 28 (68.3) 10 (71.4) 18 (66.7) 0.756
Dyspnoea 34 (82.9) 12 (85.7) 22 (81.5) 1.000
Haemoptysis 9 (22.0) 3(21.4) 6(22.2) 0.954
Body weight loss 13 (31.7) 6 (42.9) 7 (25.9) 0.269
Duration of symptom 9.0x11.6 8.8110.3 9.2*124 0.926
Symptoms >30 days before admission 4(9.8) 2 (14.3) 2(7.4) 0.596
Extrapulmonary tuberculosis 10 (24.4) 2 (14.3) 8 (29.6) 0.278
Disseminated tuberculosis 1(2.4) 0 1(3.7) 1.000
Pattern of pulmonary tuberculosis
Miliary 11 (26.8) 4 (28.6) 7 (25.9) 0.856
Pneumonia 30 (73.2) 10 (71.4) 20 (74.1)
ARDS 25 (61.0) 5(35.7) 20 (61.0) 0.017
APACHE 1I score 16.8+7.5 15.4%6.1 17.4+8.2 0.422
Multiple organ failure 20 (48.8) 2 (14.3) 18 (66.7) 0.001

Data are presented as mean®SD or n (%) unless otherwise stated. M: male; F: female; DM: diabetes mellitus; ESRD: end-stage renal disease; ARDS:
acute respiratory distress syndrome; APACHE: Acute Physiology and Chronic Health Evaluation.

Investigations and outcomes

Table 4 is the list of in-hospital investigation results. Most
patients were diagnosed and treated as non-TB in the begin-
ning. Bacterial pneumonia was the most common diagnosis.
Patients with underlying illness (p=0.017), with symptoms
presenting for <30 days (p=0.008) or with pneumonic TB
(p=0.024) were more likely to be misdiagnosed as nontuber-
culous pulmonary diseases. Misdiagnosis was also more likely
to happen among patients with consolidations (60%) than
among patients with cavitary lesions (40%).

Of the 41 patients, 35 (85%) were treated with anti-TB
therapy and six (15%) were not. All of these six patients had
smear-negative tuberculous pneumonia, which had consolida-
tion in more than three quadrants on chest radiographs as its

Table 2. —Radiological features of 41 intensive care unit
patients with severe active pulmonary tuberculosis necessi-
tating mechanical ventilation

All  Survivors Death p-value

Subjects n 41 14 27

Pattern of chest radiographs
Nodule 16 (39.0) 7 (50.0) 9(33.3) 0.300
Consolidation 34 (82.9) 8 (57.1) 26 (96.3) 0.004
Interstitial 10 (24.4) 5(35.7) 5(18.5) 0.224
Cavity 15 (36.6) 5(35.7) 10 (37.0) 0.934

Extent of lung lesions
<2 quadrants 9(22.0) 5(35.7) 4(14.8) 0.125
>3 quadrants 32 (78.0) 9 (64.3) 23 (85.2)

Data are presented as n (%) unless otherwise stated.

major radiographic finding. All had acute onset of symptoms
with an average of 6.5%7.9 days before admission. The
clinical courses were fulminant, with ARDS in four and MOF
in five patients.

The mean treatment delay in 35 patients was 15 days. Eight
patients received treatment >1 month after initial presenta-
tion. Patients diagnosed as having nontuberculous pulmonary
disease (p=0.001), with pneumonic TB (p=0.04) or with consolida-
tion on chest radiographs (p=0.036) were more likely to have
treatment delays of >1 month. Thirteen of the 25 patients
with ARDS received >2 mg-kg'-day” methylprednisolone
on the seventh day after the onset of ARDS. This was for
treatment of the fibroproliferative stage.

Bronchoscopies were conducted on 45% (n=18) of the

Table 3.—Laboratory parameters of 41 intensive care unit
patients with severe active pulmonary tuberculosis necessi-
tating mechanical ventilation

All Survivors Death p-value

Subjects n 41 14 27
WBC
4000-12000 mm™ 25 (61.0) 7 (50.0) 18 (66.7) 0.300
<4000 or >12000 mm™ 16 (39.0) 7 (50.0) 9 (33.3)
Positive sputum AFB 16 (39.0) 7(50.0) 9(33.3) 0.300
MDR 4(09.8) 243 274 0.75
Initial Pa,0,/F1,0, <200 28 (68.3) 8 (57.1) 20 (74.1) 0.269
Lung injury score >2.5 17 (41.5) 3 (21.4) 14 (51.9) 0.130

Data are presented as n (%) unless otherwise stated. WBC: white blood
cell; AFB: acid-fast stain; MDR: multidrug resistant; Pa,O,: arterial
oxygen tension; FI,0,: inspiratory oxygen fraction.
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Table 4.—Investigations during admission and outcomes of 41 intensive care unit (ICU) patients with severe active pulmonary

tuberculosis necessitating mechanical ventilation

All Survivors Death p-value

Subjects n 41 14 27
Tentative diagnosis

Pulmonary tuberculosis 18 (43.9) 10 (71.4) 8 (29.6) 0.011

Nontuberculosis pulmonary disease 23 (56.1) 4 (28.6) 19 (70.4)
Treated before ICU 12 (29.3) 6 (42.9) 6 (22.2) 0.168
Time to antituberculosis drugs after admission 14.9+21.0 8.0+10.4 19.0+24.6 0.076
Treatment delay >30 days 14 (34.1) 1(7.1) 13 (48.1) 0.009
Steroid for ARDS 13 (31.7) 4 (28.6) 9 (33.3) 0.756
Biopsy 13 (31.7) 4 (28.6) 9 (33.3) 0.756
Time to biopsy after admission 15.31£14.2 10.5£8.5 17.8+16.3 0.431
Bronchoscopy 18 (45.0) 7 (50.0) 11 (42.3) 0.641
Duration on mechanical ventilation 29.2+31.4 29.4+33.7 29.1%£30.7 0.979
Duration of staying at ICU 26.91+24.2 29.6+24.5 2544243 0.601
Bacteraemia 6 (14.6) 2 (13.3) 4 (14.8) 1.000
Cause of mortality 27 (65.9)

Hypoxaemia 10 (24.4) 10 (37)

Shock 17 (41.5) 17 (67)

Data are presented as meantSD or n (%) unless stated otherwise. ARDS: acute respiratory distress syndrome.

patients, either because of uncertain diagnosis or suspicions of
pulmonary TB with negative smears. Among the 17 speci-
mens obtained from bronchial washing or bronchoalveolar
lavage for culture of M. tuberculosis, only six (35.3%) were
positive. Biopsies were conducted in 13 patients because of
diffuse pulmonary infiltrates and poor responses to antibiotics.
These included nine open lung biopsies, three transbronchial
lung biopsies and one neck lymph node biopsy. The mean
interval between biopsy and admission was 15 days. The
pathological findings included eight granulomas, four caseous
necrosis, two fibrosis, one giant cell and one inflammation.
The acid-fast stains on tissue samples were positive in six.
Anti-TB drugs were used on 12 patients after obtaining
histopathological proof, except in one patient with pulmonary
fibrosis, in whom the lung specimen obtained was from a
wedge resection of the middle lobe and showed only fibrosis
in the pathology.

Outcomes are listed in table 4 and shown in figures 1 and 2.
The in-hospital mortality rate was 65.9%, with 27 of the 41
patients dying in the hospital, while 14 were discharged alive.
Twenty-five died during ICU admission and two died after
being transferred to the ward. The mean time to death was
40.7135.4 days, with 50% of the patients expiring within the
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Fig. 1.-In-hospital survival curves by the Kaplan-Meier method and
the log-rank test.

first 26 days and 75% of the patients expiring within the first
75 days (fig. 1).

Three of the 14 survival patients failed to follow-up after
discharge, the other 11 were followed-up to 180 days. After
discharge, three of the 11 patients died and eight survived.
The 180-day mortality of all the 41 patients was 79%. All of
the mortality occurred within 150 days.

Of the 35 patients who took anti-TB therapy, 24 died while
eight survived and three were lost to follow-up. Twenty-two
of 24 died during hospitalisation and two died after discharge.
All of the six patients not treated with anti-TB drugs died, five
in-hospital and one after discharge. The mean time to death
was significantly shorter in nontreated patients (17.61:11.6 days)
than in patients who received anti-TB treatment (46.0+37.0
days; p=0.006).

The mean length of ICU stay was 26.9 days. The mean
duration of mechanical ventilation was 29.2 days. Nine of 14
patients were successfully weaned from ventilators before
discharge. The other five patients were still dependent on
ventilators on day 180.

Factors predicting in-hospital mortality

Five factors were found to be associated with in-hospital
mortality in the univariate analysis (tables 1-4). They were
tentative diagnosis as nontuberculous pulmonary disease,
ARDS, consolidation on chest radiographs, MOF and treat-
ment delays >30 days. The Kaplan-Meier survival curves
(fig. 2) disclosed a trend of higher mortality rate among
patients with ARDS (p=0.0196), consolidation (p=0.0139) and
MOF (p=0.0099).

The Chi-squared test revealed high correlations between
the tentative diagnosis of nontuberculous pulmonary disease
and MOF (p=0.0003) and treatment delay (p=0.0006), and
between MOF and treatment delays (p<0.0001). There was
moderate correlation between consolidation and treatment
delays (p=0.0364). However, the correlations between ARDS,
consolidation and MOF were not statistically significant. The
ARDS, consolidation and MOF correlations were introduced
into the stepwise Cox regression model, which showed that
consolidation (HR 7.731, 95% CI 1.036-57.68, p=0.046) and
MOF (HR 2.651, 95% CI 1.163-6.04, p=0.020) were factors
affecting the in-hospital mortality rate (table 5).



MORTALITY OF PULMONARY TB REQUIRING MV 145

a)
®
=
=
3
= :
£
8 04+ "
< :
<= .
021 IR
00 T T 1
c)
IS
=
=
3
=
g
2
=
00 T T 1
e)
g
2
3
]
g
2
= L
021 R
0.0 T 7 1
0 50 100 150
Days after admission
Discussion

This study sought to identify factors predicting in-hospital
mortality in ICU patients who had active pulmonary TB as
the primary cause of acute respiratory failure and required
mechanical ventilation. Forty-one cases formed the basis

Table 5.—Cox-proportional hazard model of factors

contributing to intrahospital mortality

Multivariable logistic regression model

Variable HR 95% CI p-value
Consolidation 7.731 1.036-57.680 0.046
Multiple organ failure  2.651 1.163-6.040 0.020

HR: hazard ratio; CI: confidence interval.

b)

0 50 100 150
Days after admission

Fig. 2.—Kaplan-Meier survival curves according to the absence (- - -)
or presence (—) of predictors of in-hospital mortality. a) Tentative
diagnosis of pulmonary tuberculosis at arrival, p=0.052. b) Acute
respiratory distress syndrome, p=0.0196. c) Consolidation on radio-
graphs, p=0.0139. d) Multiple organ failure, p=0.0099. ¢) Treatment
delays of >30 days, p=0.06.

of the study. The ICU mortality rate was 61%, with an
in-hospital mortality rate of 65.9% and a 180-day mortality
rate of 79%. After adjusting for potential confounding effects,
two factors contributing to in-hospital mortality were
identified, MOF and consolidation on chest radiographs.

Even though the duration of mechanical ventilation and
ICU stay in the study was twice as long as other studies, the
in-hospital and ICU mortality rate was similar to, or even
higher than, previous reports [4-6, 8, 10]. In one study, the
180-day mortality rate was ~60%, with nearly all deaths
occurring within the first 2 months of hospital admission [10].
In contrast, the 180-day mortality rate in the study was as
high as 79%, with one-half of the deaths occurring in the first
2 months and the remaining deaths occurring in the following
3 months of hospital stay. Both 30-day and 180-day mortality
rates were obviously far higher than the mortality rate among
patients with nontuberculous pneumonia requiring mechani-
cal ventilation [4, 11, 12].
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In this study, pneumonic TB was twice as frequent as
miliary TB, which was in contrast to what has been reported
in the previous medical literature [4, 5, 22]. In the 30 patients
with pneumonic TB, 26 had consolidation in their chest
radiographs. The radiographic findings in the four patients
without consolidation included one interstitial, one nodular
with cavitation, one nodular with interstitial and one cavitary.
Of these 30 patients, 28 (93%) were intubated because of
hypoxaemic respiratory failure, while the other two were due
to hypercapnia. This finding suggests that the primary cause
of respiratory failure in patients with pneumonic TB in this
study was severe damage to the lung parenchyma, not
obstructed airways.

Consolidation was a strong independent factor contribut-
ing to in-hospital death. In contrast, the percentage of patients
with cavitary, interstitial or nodular patterns was the same
among the fatalities and the survivors. These findings were
similar to other studies discussing predictors of in-hospital
death or short-term prognosis for patients with pulmonary
TB [8, 15, 16]. It is possible that clinicians were prone to
favour the diagnosis of nontuberculous pulmonary disease
if radiographs disclosed multiple consolidations, particularly
for patients with immunodeficiency, resulting in a delay in
antituberculous treatment [8, 13-15, 17-19]. Another possible
reason was that consolidation suggests an inadequate immune
response to a heavy burden of TB bacilli [16], and death was a
consequence of poor immunity.

In the present study, patients with MOF had higher mortality
rates than those without. The finding was similar to other
studies examining ICU patients with active pulmonary TB
and acute respiratory failure [4, 8]. The higher number of
organ failures reflects the propensity of uncontrolled, untreated
infection to cause multiple organ dysfunction. However, the
APACHE 11 scores of those who expired were similar to those
in the survivors. In this study, the mean APACHE II score
was 16.817.5, which should have reflected a mortality rate of
20-30% in patients with respiratory failure from infection [26].
However, the exact mortality rate was 65.9%. This finding sug-
gested that the APACHE II score consistently underestimated
mortality of patients with pulmonary TB [8, 27]. Meanwhile,
organ failure scores were also proven to be superior to a single
APACHE 1I assessment, or daily APACHE II scores, in
predicting the outcome among ICU patients [24, 25]. There-
fore, for patients with pulmonary TB and acute respiratory
failure, computerised daily organ failure scores should be
applied instead of a single APACHE II assessment.

The possible causes for misdiagnosing pulmonary TB as a
nonpulmonary disease include atypical chest radiographs
and the short duration of symptoms. The mean duration of
symptoms in this study was only 9.0+11.6 days, which was far
shorter than was normally reported and may have contrib-
uted to the misdiagnoses. The lack of significant respiratory
symptoms and insidious constitutional symptoms may also
cause a doctor to overlook the duration of symptoms [4, 13].
Pulmonary TB is more likely to be suspected in patients with
cavitary lesions than in those who display other radiological
presentations [8, 13-15, 18-22]. The present results support
this finding. However, consolidation is a far more common
presentation than cavitation, which contributed to the mis-
diagnosis. For example, in six patients not treated with anti-TB
medications during hospitalisation, the duration of symptoms
was short and all had pneumonic TB, with consolidation in
more than three quadrants on their radiographs as the main
radiographic findings. This made an accurate diagnosis more
difficult, which in turn contributed to delays in treatment.

Timely treatment has long been considered a crucial factor
in a patient’s ability to survive TB [2, 4, 8, 13-15]. In this
study, the trend of a higher mortality rate in patients with
treatment delays is clear though it did not reach statistical

significance. The small patient number and interdependence
with other factors contributed to the statistical insignificance.
Factors contributing to treatment delays included the presence
of consolidation and the presence of pneumonic TB, both of
which lead to misdiagnosis. The misdiagnosis is also highly
related to treatment delays. Therefore, the authors urge the
promotion of early diagnosis to be crucial for decreasing the
delays in treatment.

MDR was identified as a dominant factor affecting the
survival of patients with TB in a New York study [2], but not
in the present study. The median time to death was 6.3
months for the New York City patients, compared with only
40.7%35.4 days in this study. Due to the shorter median time
to death, the present authors’ study on in-hospital mortality
has revealed a different spectrum of clinical issues causing
early death from TB without the influence of MDR [15].

Though HIV infection was not an exclusion criterion in this
study, none of the 41 TBMV patients were HIV-positive.
However, the mortality rate of the current study was similar
to other studies, including those with HIV patients [4-7]. It is
worth noting that the early mortality rate from TB in HIV-
positive patients was not different from that of HIV-negative
patients [28]. The mean time to expiration in the current
patients was only 56 days, which is not enough time for HIV
to become a significant causal factor of mortality [29].

Other studies of in-hospital TB mortality took into account
factors such as age, sex, haemoglobin level, weight, alcoholism,
lymphopaenia and end-stage renal disease [4, 10, 13, 16, 30].
However, these studies fail to distinguish between pulmonary
and extrapulmonary TB, and most are either descriptive or
rely only on univariate tests. In contrast, the present study
focused on patients with pulmonary TB as the primary cause
of respiratory failure. All of the factors were analysed using
multivariable analysis and Kaplan-Meier methods, so it is not
surprising that these factors had little or no impact on
mortality in the study.

In conclusion, the mortality rate of patients with active
pulmonary tuberculosis requiring mechanical ventilation is
high, especially in patients with consolidation on chest radio-
graphs and with multiple organ failure. Therefore, the authors
recommend that intensive care unit patients with cough, dys-
pnoea and fever without evidence of a documented infective
microorganism, promptly receive an aggressive search of aetio-
logy to exclude tuberculosis infection, especially for patients
with the presence of consolidation and multiple organ failure.
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