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Abstract. – OBJECTIVE: The purpose of this 
study is to investigate the mortality of patients 
with tuberculosis (TB) who need to be admitted 
to the intensive care unit (ICU) and to analyze 
the risk factors for mortality. 

PATIENTS AND METHODS: A retrospective 
analysis was conducted to collect clinical data 
of patients with TB who were hospitalized in the 
ICU at Hebei Chest Hospital between 2015 and 
2020. Subsequent to data collection, a rigorous 
statistical analysis was conducted.

RESULTS: A total of 99 patients with TB were 
admitted to the ICU of Hebei Chest Hospital from 
2015 to 2020. After 28 days, 78 of the 99 eligi-
ble participants in this study died, while 21 sur-
vived. The mortality rate of patients with TB in 
the ICU was 78.79%. There was a significant dif-
ference in the length of stay in ICU, shock, drug, 
acute physiology, and chronic health evalua-
tion (APACHE) II, procalcitonin, C-reactive pro-
tein, and albumin (p < 0.05). Further analysis in-
dicated that the length of stay in the ICU, shock, 
APACHE II, and albumin were considered inde-
pendent risk factors for mortality.

CONCLUSIONS: In China, the mortality rate 
of patients with TB requiring admission to the 
ICU is very high. In these patients, a prolonged 
ICU stay, a high APACHE II score, the onset of 
shock in the ICU, and a low albumin level have a 
significant impact on the risk of mortality.
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Introduction

As is widely acknowledged, tuberculosis (TB) 
stands as one of the 10 most prevalent infectious 
diseases globally, presenting a substantial threat 
to human health1. According to the October 2020 
Global TB report2, TB remains the infectious 
disease with the highest mortality. The incidence 
of tuberculosis has been on the rise in recent ye-
ars worldwide3. In 2019, an estimated 10 million 

people developed TB, and an estimated 1.2 mil-
lion people died as a result of TB among HIV-ne-
gative patients4. China is also one of the nations 
with the highest incidence of TB4,5.

China has always been one of the countries wi-
th the most severe TB epidemics, with an annual 
average of 999,417 cases6. Previous studies7 have 
shown that the mortality rate due to pulmonary 
tuberculosis was 4.38 per 100,000 population. 
According to the literature, about 3.4%8-16.7%9 
of hospitalized patients with TB may require 
admission to the intensive care unit (ICU) due to 
the severity of their condition. The mortality rate 
of patients with TB admitted to an ICU has been 
reported to be approximately 50%10, while some 
studies11 indicate that it is about 70%. A number 
of studies have analyzed risk factors for mortality 
in TB, including factors such as age, sex, bacte-
rial status, comorbidities, host immunological 
and nutritional status, and drug abuse, but with 
varying conclusions12-14. Through this study, we 
intend to study the mortality rate of patients with 
TB in the ICU and further analyze its risk factors 
to better assess the condition of such patients.

Patients and Methods

The Ethics Committee of Hebei Provincial 
Chest Hospital approved this retrospective study. 
A waiver of written informed consent was gran-
ted due to the retrospective nature of the study 
and the anonymity of the data collection.

From 2015 to 2020, a total of 117 patients 
with TB were admitted to the ICU, but 18 were 
excluded due to incomplete data or certain other 
reasons. From January 2015 to December 2020, a 
retrospective observational study was conducted 
on 99 patients with TB admitted to the ICU 
of Hebei Chest Hospital. The specific research 
process is shown in Figure 1. The hospital is a 
provincial public referral hospital for TB, with 
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the majority of admitted patients coming from 
the rural areas of Hebei Province. Patients were 
divided into a survival group and a death group 
based on their 28-day prognosis.

Inclusion Criteria
All patients were clearly diagnosed with TB and 

required ventilator assistance. All the enrolled pa-
tients were over 18 years old and had complete me-
dical records. Exclusion criteria: patients with clear-
ly diagnosed diseases that could significantly affect 
prognosis, such as severe trauma. Also, patients 
with incomplete medical records were excluded.

All of their general medical information, 
indicators of laboratory tests, scores related 
to disease severity, and the 28-day prognosis 
were recorded in detail.

Specific Indicators Observed
General information of patients admitted to 

ICU, including age, gender, length of admission 
to ICU, blood routine biochemical indicators, pro-
calcitonin levels, acute physiology, chronic health 
evaluation (APACHE) II, and prognosis at 28 days.

Statistical Analysis 
The SPSS 25.0 statistical software (IBM 

Corp., Armonk, NY, USA) was utilized for da-
ta processing, including conducting normality 
tests on the collected data. Data with normal 
distribution are represented as mean ± standard 
deviation (x±s). An individual sample t-test was 
used to compare two independent samples with 
variance homogeneity, while a rank sum test was 
used to compare variances. For measurement 
data that did not follow a normal distribution, 
the median (25th percentile, 75th percentile) was 
used. Non-parametric test was used for com-
parison between the two groups. For counting 
data, the Chi-squared (χ²) test was used, while 
binary logistic regression was used to analyze 
the prognostic risk factors. A value of p < 0.05 
was considered statistically significant.

Results

Patient Characteristics
A total of 99 patients were included in this stu-

dy, of whom 82 were males and 17 were females. 
A total of 78 deaths were observed 28 days after 
admission to the ICU. Among these 78 patients, 
63% were male. The age of patients included in 
this study ranged from 18 to 97, and the median 

age was 64 (50,79). The demographic, clinical, 
and laboratory characteristics of the enrolled pa-
tients are shown in Table I.

The results of this study showed that there 
were 21 patients in the survival group and 78 
patients in the death group. The median age was 
71 (55, 81.5) in the survival group and 64 (48, 79) 
in the death group, with no significant difference 
between the two groups (p = 0.226). There were 
19 males in the survival group (accounting for 
90.48%), and 63 males in the death group (ac-
counting for 80.77%), showing no statistical dif-
ference between the two groups (p = 0.243). The 
median length of ICU stay was 24 (5, 81) days in 
the survival group and 6 (3,9.25) days in the death 
group, with a statistically significant difference 
(p < 0.01). The proportion of patients requiring 
mechanical ventilation was high in both groups, 
85.71% and 94.87%, respectively, with no statisti-
cal difference (p = 0.081). In the two groups, the 
proportion of patients with TB receiving initial 
treatment was similar, 66.67% in the survival 
group and 62.82% in the death group, respecti-
vely, with no statistical difference (p = 0.691). In 
terms of TB in organs other than the lungs, the 
proportion of the two groups was 19.05% and 
21.79%, respectively, with no statistical differen-
ce (p = 1.0). In the context of underlying medical 

Figure 1. Flow chart of the study.
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conditions, there were no notable differences 
observed between the survival group and the 
death group. Specifically, structural lung disease 
was prevalent in 9 cases (42.86%) in the survival 
group and 34 cases (43.59%) in the death group. 
Acute kidney injury was noted in 2 cases (9.52%) 
in the survival group and 22 cases (28.21%) in 
the death group. Heart failure was reported in 9 
cases (42.86%) in the survival group and 33 cases 
(42.31%) in the death group, while diabetes melli-
tus was present in 3 cases (14.29%) in the survival 
group and 17 cases (21.79%) in the death group. 
There was no statistical difference between the 

two groups in the above aspects, with p  > 0.05. 
There were significant differences between the 
two groups in cases of septic shock or in cases 
where vasoactive drugs were administered. The 
difference between the survival group with sep-
tic shock and the death group was statistically 
significant (p = 0.006), with 4 patients survi-
ving (19.05%) and 39 patients dying (50%) in 
the septic shock group. In the administration of 
vasoactive drugs, 11 (52.38%) patients survived, 
and 64 (82.06%) died, and the difference was 
statistically significant (p = 0.001). APACHE 
II scores at ICU admission were 21.24 ± 7.314 

Table I. Demographic, clinical, and laboratory characteristics of the enrolled patients.

Variables Survivals (n) Death (n) p-value

N 21 78 
Age (years) 71 (55,81.5) 64 (48,79) 0.226
Male 19 (90.48%) 63 (80.77%) 0.243
Time (day) 24 (5,81) 6 (3,9.25) 0.00*
Ventilation 18 (85.71%) 74 (94.87%) 0.081
Initial 14 (66.67%) 49 (62.82%) 0.691
Extra pulmonary 4 (19.05%) 17 (21.79%) 1.0
Structural disease 9 (42.86%) 34 (43.59%) 0.946
AKI 2 (9.52%) 22 (28.21%) 0.066
HF 9 (42.86%) 33 (42.31%) 0.959
Shock 4 (19.05%) 39 (50%) 0.006*
Drug 11 (52.38%) 64 (82.06%) 0.001*
DM 3 (14.29%) 17 (21.79%) 0.572
APACHE II 21.24 ± 7.314 26.72 ± 5.965 0.001*
WBC (109/L) 9.99 (7.87,14.2) 11.47 (7.225,17.1) 0.716
HGB (g/L) 100 (90,125) 101 (88.5,113) 0.590
PLT (109/L) 222.48 ± 116.93 216.62 ± 128.23 0.85
ALT (U/L) 15 (10,25) 19 (12,35) 0.255
AST (U/L) 21 (17,35) 32 (18,61) 0.205
TP (g/L) 56.4 (53,64) 53 (47,60.7) 0.073
ALB (g/L) 30.2 ± 4.76 26.18 ± 7.26 0.016*
TBIL 12 (8,17.9) 10.45 (6.1,14.5) 0.122
DBIL 6.4 (5.2,11.6) 6.05 (4.1,9.9) 0.467
UREA 5.8 (4.7,13.5) 8.6 (5.1,17.2) 0.371
CREA 42 (33,67) 51 (31,83) 0.543
GLU 6.81 (6.1,8.0) 6.62 (5.67,9.20) 0.898
Lac 1.0 (0.7,2.7) 1.7 (1.1,2.7) 0.054
PCT 0.343 (0.164,0.76) 1.185 (0.322,3.69) 0.011*
CRP 21.0 (1.09,93.31) 98.51 (53.9,191.9) 0.002*
Dimer 2.35 (0.83,6.57) 3.97 (1.88,8.23) 0.132
CK 38 (24.5,136.5) 61 (36,112) 0.178
CKMB 15.3 (12.4,28.9) 18.1 (13.8,29.3) 0.364
LDH 207.5 (157.5,381) 291.5 (224.0,445) 0.105
PT 13.2 (12.1,16.3) 13.2 (12.2,14.5) 0.905
APTT 30.5 (28.7,34.3) 32.65 (26.9,34.3) 0.962
Fib 3.78 (2.63,4,43) 3,7 (2.8,4,78) 0.867

*p < 0.05. Data are shown as mean ± standard deviation or median (25th percentile, 75th percentile). AKI: Acute kidney injury; 
HF: Heart failure; DM: Diabetes mellitus; APACHE II: Acute Physiology and Chronic Health Evaluation II; WBC: White 
blood cell count; HGB: Hemoglobin; PLT: Platelet; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TP: 
TotalProtein; ALB: Albumin; TBIL: Total bilirubin; DBIL: Direct Bilirubin; CREA: Creatinine; GLU: Glutamate; Lac: Lactic 
Acid; PCT: Procalcitonin; CRP: C-reactive protein; CK: Creatine Kinase; CKMB: Creatine Kinase Isoenzyme; LDH: Lactate 
dehydrogenase; PT: Prothrombin time; APTT: Activated partial thromboplastin time; Fib: Fibrinogen.
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in the survival group and 26.72 ± 5.965 in the 
death group (p = 0.001). There were no signifi-
cant differences between the two groups (p  > 
0.05) in most of the test indexes at the time of 
admission to the ICU, except for albumin (30.2 
± 4.76 and 26.18 ± 7.26, p = 0.016), procalcitonin 
[0.343 (0.164, 0.76) and 1.185 (0.322, 3.69), p = 
0.011] and C-reactive protein [21.0 (1.09, 93.31) 
and 98.51 (53.9, 191.9), p = 0.002] levels.

Based on binary logistic regression analysis, 
it was found that the length of stay in the ICU, 
shock, APACHE II, and albumin were indepen-
dent risk factors of mortality (Table II).

Discussion

Strengths and Limitations
This study has several strengths. First, it provi-

des valuable data on mortality and its risk factors 
among critically ill patients with TB in China, a 
population for which data is scarce15. Second, the 
study was conducted at a hospital specializing in 
TB that has extensive experience managing this 
specific patient cohort16. Third, the sample size of 
99 patients exceeds many similar single-center 
studies on patients with TB admitted to the ICU17.

However, significant limitations must be ack-
nowledged. The retrospective, single-center desi-
gn and small sample size limit the generalizabili-
ty of the findings18. Selection bias may have been 
present as this was not a randomized controlled 
trial. As a retrospective study, the collection of 
data was hampered by inaccurate or insufficient 
medical records. There was a lack of data on 
key variables like mechanical ventilation settings 
and antibiotic use. The long-term mortality fol-
lowing ICU discharge was not assessed. Finally, 
the effects of various therapeutic interventions in 
the ICU were not analyzed.

Comparison with Previous Studies
TB patients requiring admission to the ICU 

have been reported to have a high mortality ra-
te18. The mortality rate in this study is consistent 
with other reports19,20 on critically ill patients wi-
th TB in low-income and middle-income coun-
tries. Patients with TB in South Korea, however, 
had a lower ICU mortality rate of 62.7%, which 
may reflect regional differences in patient cha-
racteristics and ICU care21. 

Several risk factors identified in this study align 
with previous evidence, including shock22, hi-
gh APACHE II scores23, and hypoalbuminemia24. 

However, the length of ICU stay was a risk factor 
in this study but not in the South Korean ICU 
cohort20, while respiratory failure was a risk factor 
identified by Vincent et al25, but not observed here. 
These discrepancies may be attributable to varia-
tions in the study population, sample size, and 
statistical methods. Moreover, the 2518A/G poly-
morphism in the monocyte chemotactic protein-1 
gene has been shown to be associated with an 
increased risk of TB in the Chinese population26. 
In addition, the independent risk factors associa-
ted with recurrent TB included no use of directly 
observed therapy, short course, diabetes, smoking, 
and malnutrition27. Further investigations, inclu-
ding other potential risk factors, are warranted.

Previous studies28,29 have also investigated 
the co-infection of other respiratory viruses 
among patients with TB. For instance, a high 
frequency of TB progression and complications 
has been observed among patients with seaso-
nal influenza co-infection28. An observational 
case-control study has suggested that both acti-
ve and latent TB is a risk factor for COVID-19 
infection29. In addition, the application time of 
antibiotics and hormones has been associated 
with the risk of TB complicated with pulmo-
nary aspergillosis30. Future studies are needed 
to explore the role of respiratory co-infection in 
TB patients admitted to ICU further.

Implications for Practice and Research
This study has made a contribution to the 

prognosis and management of critically ill pa-
tients with TB. Clinicians can better stratify the 
mortality risk of patients admitted to the ICU 
by recognizing key mortality factors31. Using 
evidence-based interventions to target modifiable 
factors, such as shock and hypoalbuminemia, 
may improve outcomes31. The findings can incre-
ase awareness among clinicians of the high risk 
of morbidity and mortality among patients with 
TB requiring intensive care32.

Table II. Logistic regression analysis of independent risk 
factors for death.

Variables p-value OR

Time 0.006 0.953
Shock 0.021 3.416
APACHE II 0.020 1.116
ALB 0.043 0.910

OR, odds ratio; ALB: Albumin; APACHE II: Acute 
Physiology and Chronic Health Evaluation II.
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However, the results of this study may not 
be fully applicable beyond the regional po-
pulation studied. The effects of specific ICU 
treatments were not examined. Going forward, 
rigorous multi-center prospective cohort stu-
dies with larger, more diverse samples are ne-
eded to better elucidate prognostic factors and 
optimal management strategies for critically ill 
patients with TB33,34. Investigation of emerging 
therapies and models of care to reduce mor-
tality in this vulnerable group represents an 
important area for future research35.

Conclusions

Our study indicates a very high mortality 
rate among patients with TB requiring intensi-
ve care. The length of ICU stays, APACHE II 
score at admission to ICU, shock during ICU 
treatment, and serum protein level were all risk 
factors for mortality in these patients. These 
factors are extremely useful for assessing the 
prognosis of patients with TB in the ICU. No-
netheless, as this is a single-center study with 
a small sample size, more research is needed to 
confirm these findings.
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