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ABSTRACT

Background & objectives: Tuberculosis (TB) continues to be a significant global health issue, as an increasing number
of individuals are presenting with severe, life-threatening conditions that require admission to intensive care units
(ICUs). The management of critical care environments is increasingly complicated by the rise of drug-resistant
tuberculosis, co-infection with HIV, and late-stage diagnoses. Despite its increasing significance, there is a paucity of
focused research on the critical care aspects of tuberculosis.

This review aims to systematically examine the current data and clinical guidelines pertaining to the treatment of
tuberculosis in critical care settings. The focus is on diagnostic challenges, treatment choices, supportive methods,
and outcome forecasts relevant to critically ill TB patients.

Methodology: A structured literature evaluation was conducted, focusing on publications from 2000 to 2025, using
databases such as [PubMed], Scopus, and Web of Science. This study examines the management of tuberculosis in
intensive and critical care settings, focusing on multidrug-resistant tuberculosis (MDR-TB), the role of mechanical
ventilation, and the implications of sepsis in affected patients. A review of clinical recommendations, cohort studies,
retrospective analyses, and relevant case series facilitated the summarization of the database for ICU care techniques
in tuberculosis patients.

Results: Critically ill tuberculosis patients primarily exhibit severe respiratory failure, miliary spread, tuberculosis
sepsis, or central nervous system involvement. Suboptimal outcomes stem from diagnostic delays caused by
ambiguous clinical features and the limitations of conventional microbiological diagnostics. In ICU cohorts with
tuberculosis, mortality rates range from 30% to 70%, with elevated rates observed in patients requiring mechanical
ventilation or experiencing multi-organ failure. Delayed initiation of antitubercular treatment (ATT) in the ICU often
results in altered pharmacokinetics, that hinder medication distribution. Drug-resistant tuberculosis continues to
pose significant challenges regarding therapy selection and infection control. Supportive care interventions, including
mechanical ventilation, fluid resuscitation, and nutritional support, are critically important yet often
underappreciated.

Conclusion: Tuberculosis in the ICU represents a distinct clinical entity characterized by elevated mortality rates,
diagnostic delays, and complex therapeutic decisions. Enhancing outcomes relies on early detection, prompt
initiation of antitubercular therapy, customized pharmaceutical interventions, and multidisciplinary supportive care.
Prospective studies are essential to establish ICU-specific tuberculosis care guidelines, especially for individuals with
drug resistance and co-infections.
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1. INTRODUCTION

Tuberculosis (TB) continues to pose a significant global
health challenge, with projections of 10.6 million new
cases and 1.6 million deaths in 2021. While the majority
of tuberculosis cases are managed in outpatient settings,
certain patients experience severe complications
necessitating admission to an intensive care unit (ICU).!
Stated death rates for TB range from 50% to 60%, with
approximately 3—4% of hospitalized patients requiring
intensive care unit (ICU) treatment.> Critically ill
tuberculosis patients frequently present with sudden
respiratory failure, septic shock, or multi-organ
dysfunction, conditions often worsened by delayed
diagnosis and the initiation of appropriate treatment.’
The limitations of conventional microbiological testing,
coupled with the nonspecific clinical manifestations of
tuberculosis in critically ill patients, exacerbate
diagnostic challenges.* In critically ill patients, the
pharmacokinetics of antitubercular medications may be
significantly altered, leading to subtherapeutic drug
levels and complicating treatment.’

The emergence of extensively drug-resistant (XDR) and
multidrug-resistant (MDR), TB bacteria introduces
additional challenges to the management of TB in critical
care settings. Such situations necessitate close
monitoring and supportive treatment due to the
requirement for contemporary, potentially hazardous,
and inadequately researched medication regimens.b
Despite the high mortality and complex treatment
associated with tuberculosis in the ICU, there is a lack of
targeted research and evidence-based guidelines to
address this issue. This review aims to summarize
current information on the critical care management of
tuberculosis, highlighting areas that require further
research, challenges in diagnosis, therapeutic strategies,
and supportive care measures.

2. METHODOLOGY

A systematic literature review covering the years 2000 to
2025 was conducted. We conducted a search in
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[PubMed], Scopus, and Web of Science using the
following  phrases and  Boolean  operators:
("tuberculosis" OR "TB") AND ("intensive care" OR
"critical care" OR "ICU") AND ("mechanical
ventilation" OR "sepsis" OR "MDR-TB"). Studies were
required to meet the following criteria for inclusion: The
articles were composed in English, focused on adult
patients (>18 years) with tuberculosis necessitating ICU
admission, and examined critical care-specific clinical
outcomes, management strategies, and related issues.
The study analyzed cohort studies, retrospective
analyses, case series, and clinical guidelines. Research
focusing exclusively on children, animals, or in vitro
studies, as well as articles not pertaining to intensive or
critical care, were excluded from consideration. Two
reviewers conducted independent examinations of titles
and abstracts. Full texts of relevant articles were
reviewed to confirm eligibility. All parties reached a
consensus to address the issues.

3. Epidemiology of
Tuberculosis in ICU

In 2023, tuberculosis (TB) is anticipated to result in 10.8
million new cases and 1.25 million deaths, underscoring
its status as a significant global health concern.” While
the majority of tuberculosis cases are managed in
outpatient settings, certain patients experience severe
complications necessitating admission to an intensive
care unit (ICU).2 Some cohorts have demonstrated a
prevalence of culture-confirmed pulmonary tuberculosis
requiring ICU hospitalization of nearly 8.0%. Critically
ill tuberculosis patients frequently present with abrupt
respiratory failure, septic shock, or multi-organ
dysfunction, conditions often worsened by delayed
diagnosis and initiation of appropriate treatment’. The
average mortality rate for TB patients admitted to the
ICU is approximately 52.9%, with in-hospital death rates
varying significantly between 27% and 95%.% Advanced
age, central nervous system involvement, the
requirement for mechanical ventilation, and the presence
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of comorbidities contribute to an increased mortality
rate.’

The emergence of extensively drug-resistant (XDR) and
multidrug-resistant  (MDR)  tuberculosis  strains
significantly complicates the critical care management
of the disease. Such situations necessitate close
monitoring and supportive treatment due to the
requirement for contemporary, potentially hazardous,
and inadequately researched medication regimens.® In
critically ill patients, the pharmacokinetics of
antitubercular medications may be significantly altered,
leading to subtherapeutic drug levels and complicating
treatment.'’ Despite the high mortality and complex
treatment associated with tuberculosis in the ICU, there
is a lack of targeted research and evidence-based
recommendations to address this issue. This review aims
to summarize current information on the critical care
management of tuberculosis, highlighting areas that
require further research, challenges in diagnosis,
therapeutic strategies, and supportive care measures.

4. Clinical Presentation

4.1. Clinical Presentation of
Tuberculosis in Critically Ill Patients

Tuberculosis (TB) in the intensive care unit (ICU)
complicates early identification and treatment due to its
presentation of various ambiguous clinical symptoms.?
Acute respiratory failure, typically associated with
severe pulmonary disease, is the primary reason for ICU
admission among TB patients.!" Radiographic findings
typically reveal bilateral infiltrates and cavitary lesions.
Common complications such as bacterial superinfection,
chronic obstructive pulmonary disease, and cancer
further restrict respiratory function.'> A significant
number of these patients exhibited acute respiratory
distress syndrome (ARDS), and post-mortem analyses
indicate that confluent tuberculous bronchopneumonia
may resemble ARDS.!?

Extrapulmonary  tuberculosis,  characterized by
symptoms such as central nervous system involvement
(e.g., tuberculous meningitis), lymphadenopathy, pleural
effusion, and miliary spread, constitutes a notable
proportion of ICU admissions.!* Miliary tuberculosis is
characterized by extensive hematogenous dissemination,
presenting with nonspecific systemic symptoms such as
fever, weight loss, and hepatosplenomegaly.'s
Disseminated tuberculosis is more prevalent among
immunocompromised individuals, particularly those
with HIV co-infection, and may present atypically, often
complicating the diagnostic process.!®

Patients with critical illness tuberculosis frequently
exhibit systemic symptoms such as weight loss,
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anorexia, night sweats, and persistent fever.> Examples
of organ dysfunctions that demonstrate the systemic
nature of the disease include hepatic impairment, renal
failure, and adrenal insufficiency. Altered mental state
and seizures, as neurological symptoms, may indicate
central nervous system involvement.!” Paradoxical
reactions complicate diagnosis and treatment, as they
involve clinical decline despite appropriate therapeutic
interventions.!'®

In endemic regions or among high-risk populations, the
diverse presentations of tuberculosis in the ICU
necessitate heightened clinical suspicion. Enhancing
outcomes relies on timely recognition of antitubercular
therapy and prompt initiation of treatment.'” The
effective management of these complex cases relies on
comprehensive evaluation, which includes assessing
extrapulmonary involvement and potential co-infections.

4.2. Diagnostic Challenges in ICU for TB

Diagnosing TB in critically ill patients in the ICU
presents significant challenges due to unusual clinical
presentations, constraints of conventional diagnostic
techniques, and the urgency needed to begin suitable
treatment.?’ Since critically ill patients usually have
ambiguous symptoms like fever, respiratory problems,
or altered mental state that could be ascribed to various
diseases, TB diagnosis is more challenging.?!
Furthermore, diagnosis might be delayed due to
comorbidities and the effects of immunosuppression,
which might conceal typical TB symptoms.
Complicating the diagnosis, immunocompromised
patients—including those on immunosuppressive
therapy or HIV—may present unique TB symptoms and
run a higher risk of spreading disease.?? Early diagnosis
is even more crucial; for critically sick patients,
appropriate therapy starts with fast and accurate
diagnostic instruments. Higher morbidity and death can
result from delays.?

Tools for conventional diagnosis have some restrictions.
Getting quality sputum samples from patients under
intubation or vegetative state is challenging. While
induced sputum or bronchoalveolar lavage may be
required in unstable patients, they can be harmful.?
Though the gold standard is still Smear Microscopy and
Culture, it takes time—often weeks—which is untenable
in acute situations. Especially in paucibacillary
conditions, smear microscopy has poor sensitivity.?*
While Xpert MTB/RIF molecular diagnostics offers fast
results, in those with low bacterial loads or in
extrapulmonary TB its sensitivity may be reduced.?
Moreover, overlapping findings of several pulmonary
illnesses make reading chest radiographs in ICU patients
difficult. Advanced imaging modalities as CT scans
provide more detail, so unstable patients might not be
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able to receive them.!? Particularly in endemic areas or
among high-risk groups, resolving the diagnostic
challenges of tuberculosis in the ICU demands for a high
index of suspicion. Fast molecular diagnostics, together
with the integration of clinical, radiographic, and
laboratory findings, define timeliness in diagnosis and
therapy. 122325

4.3. Antitubercular Therapy in Critical
lliness

The management of tuberculosis (TB) in critically ill
patients presents unique challenges due to altered
pharmacokinetics, restricted medication formulations,
and the necessity for initiating effective therapy.'
Standard  first-line  antitubercular medications—
rifampicin, isoniazid, pyrazinamide, and ethambutol—
may exhibit subtherapeutic levels in this population,
necessitating tailored treatments to ensure optimal
outcomes.

In critical illness, there are significant alterations in drug
absorption, distribution, metabolism, and excretion.?
Factors such as gastrointestinal  hypomotility,
vasopressor usage, and fluid changes may compromise
enteral absorption and alter drug distribution volumes.
Research indicates that critically ill patients with
nasogastric tubes frequently exhibit reduced plasma
concentrations of first-line antitubercular medications,
particularly  rifampicin, leading to insufficient
therapeutic levels and potentially poorer outcomes.?’

The enteral route, frequently utilized for medication
administration in the ICU, exhibits reduced reliability in
critically ill patients.'® Intravenous (IV) formulations of
antitubercular medications, while often limited in
availability, provide more predictable pharmacokinetics.
In such cases, especially with drug-resistant TB,
alternative strategies such as the administration of
intravenous  formulations of medications like
moxifloxacin and amikacin should be considered.?

Therapeutic antibiotic monitoring (TDM) can effectively
control tuberculosis in critically ill patients by ensuring
appropriate antibiotic exposure and minimizing toxicity.
However, its implementation is limited by financial
constraints and the requirement for specific laboratory
facilities. For medications with narrow therapeutic
indices, it can guide dosage adjustments to achieve
therapeutic objectives in settings where therapeutic drug
monitoring is  applicable.?®**® Hence, Effective
management of tuberculosis in critically ill patients
necessitates an understanding of altered
pharmacokinetics in this demographic, Careful selection
of dosage forms tailored to clinical status, and prompt
initiation of treatment.
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In critically ill tuberculosis patients, targeted application
informed by clinical indicators can enhance therapeutic
drug monitoring (TDM). Therapeutic drug monitoring
(TDM) is indicated for patients who do not respond to
treatment, exhibit signs of malabsorption (such as those
on vasopressors, continuous enteral feeding, or with
gastrointestinal complications), present with substantial
liver or kidney impairment, or are at risk of drug-drug
interactions that could alter drug efficacy. Certain
algorithms initiate antitubercular therapy by assessing
organ function and potential drug interactions.
Therapeutic drug monitoring for essential medications
such as rifampicin and isoniazid is conducted between
days 3 and 5. Monitoring of peak levels for rifampicin
and isoniazid should occur 2 hours and 1 to 2 hours post-
dose, respectively. Target serum concentrations should
be 8-24 pg/mL for rifampicin and 3-6 pg/mL for
isoniazid. Evaluation of the results should take into
account the patient's clinical progress, pharmacological
history, and levels of albumin and bilirubin. TDM dose
adjustments must be tailored to individual patients. If
clinical failure or significant physiological changes
continue, it may be necessary to collect samples again.
TDM is still limited in numerous low-resource contexts.
Administering it to high-risk ICU patients can enhance
the efficacy and safety of therapies.

4.4. Critical Supportive Care Strategies
for TB patients

Effective supportive care is essential for managing
tuberculosis (TB) patients in the intensive care unit
(ICU), as it addresses disease-specific complications
alongside the challenges associated with critical
illness.>!  Acute respiratory failure, frequently
necessitating mechanical ventilation, is a common
reason for ICU admission in tuberculosis patients. To
reduce ventilator-induced lung injury, it is essential to
implement  standard  lung-protective  ventilation
strategies, which include utilizing low tidal volumes and
appropriate positive end-expiratory pressure (PEEP).*
In cases of severe hypoxemia, additional treatment
options may include neuromuscular blockade and the
prone position. While research on the efficacy of
extracorporeal membrane oxygenation (ECMO) in
tuberculosis is limited, it is considered a last-resort
option for patients with resistant cases.

A significant number of critically ill tuberculosis patients
present with multiorgan failure and septic shock. Early
goal-directed therapy primarily involves fluid
resuscitation and the administration of vasopressors.* In
cases of acute kidney injury, renal replacement therapy
should be initiated promptly.>* Due to the hepatotoxic
properties of numerous antitubercular medications, it is
crucial to monitor for drug-induced hepatotoxicity.>
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Corticosteroids have demonstrated mortality benefits in
specific forms of tuberculosis, such as pericarditis and
tuberculous meningitis. Their application in different
forms of tuberculosis remains contentious and should be
tailored according to clinical assessment.3¢

Malnutrition serves as both a risk factor for and a
consequence of tuberculosis (TB). Nutritional
assessment and assistance are fundamental components
of treatment, which may include enteral or parenteral
nutrition when appropriate.’’” Research presents
conflicting  evidence;  however,  micronutrient
supplements, particularly vitamins A, D, and E, may
offer benefits.*®

Severe illness can exert significant psychological
impacts. Incorporating psychological support, such as
counseling and, when feasible, early mobilization,
contributes to recovery and improves overall
outcomes.®® The management of critically ill
tuberculosis patients requires a multidisciplinary
approach  that  encompasses  respiratory  and
hemodynamic support, dietary management, infection
control, and psychosocial care.** The prognosis and
recovery outcomes can be significantly influenced by
tailoring support plans to meet individual patient needs.*!

4.5. Drug-Resistant TB in the ICU

Drug-resistant tuberculosis (DR-TB), encompassing
multidrug-resistant (MDR-TB) and extensively drug-
resistant (XDR-TB) strains, poses significant challenges
in the ICU due to complex resistance patterns, restricted
treatment options, and elevated mortality rates.*> The
success rates of therapy for MDR-TB patients vary from
50% to 77%, indicating a substantial global burden of
DR-TB. Cases of XDR-TB demonstrate significantly
reduced success rates, approximately 39%. Patients with
DR-TB often present with severe respiratory failure,
septic shock, and multi-organ dysfunction, necessitating
comprehensive critical care in ICU settings.*

Accurate and rapid identification of DR-TB in critically
ill patients is essential, despite the challenges involved.*
Conventional culture and drug sensitivity testing are
time-consuming  processes that hinder timely
treatment.** Xpert MTB/RIF and other molecular
diagnostics enable rapid identification of rifampicin
resistance; however, they may not detect resistance to
additional medications, necessitating comprehensive
resistance profiling.*’

In the ICU, the management of DR-TB requires tailored,
multi-drug therapies informed by resistance patterns.*?
The World Health Organization recommends a minimum
treatment duration of 20 months for MDR/XDR-TB,
utilizing a combination of four or more effective
medications. Newer agents, such as delamanid and
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bedaquiline, have demonstrated potential in enhancing
outcomes; however, monitoring for side effects is
essential. Therapeutic drug monitoring may mitigate
toxicity and optimize dosage.***” In addition to antibiotic
treatment, supportive care is essential. This addresses
hemodynamic support in septic shock, mechanical
ventilation for respiratory failure, and renal replacement
therapy for acute kidney injury. Nutritional support and
management of comorbidities are essential components
of treatment,33-36

The primary objective is to halt the transmission of
nosocomial DR-TB. To mitigate the risk of transmission
within healthcare settings, it is essential to implement
airborne precautions, utilize negative-pressure isolation
rooms, and ensure appropriate personal protective
equipment for healthcare professionals is employed.*® In
an ICU setting, DR-TB poses significant therapeutic and
diagnostic challenges. Enhancing patient outcomes and
preventing transmission within hospital settings requires
a multidisciplinary strategy that integrates rapid
diagnosis, customized treatment, robust supportive care,
and stringent infection control protocols.*’

The diagnosis and treatment of severely ill patients with
tuberculosis and co-infections such as HIV or COVID-
19 present significant challenges. In patients with HIV,
the presence of fever, respiratory issues, and decreased
lymphocyte counts can complicate the diagnosis of
tuberculosis, particularly ~when the infection
disseminates beyond the pulmonary system. The
initiation of antiretroviral therapy (ART) in the ICU
warrants careful consideration. Administering it too
rapidly, particularly during the initial two weeks of
antitubercular  therapy, may lead to immune
reconstitution  inflammatory = syndrome  (IRIS),
potentially exacerbating the patient's condition and
resulting in organ failure. Initiating ART after 8 weeks in
individuals with low CD4 counts (<50 cells/uL) is
associated with an elevated risk of mortality. Establish
the timing for each individual according to the severity
of their illness and the robustness of their immune
system.!®? The coexistence of tuberculosis (TB) and
COVID-19 complicates diagnosis and treatment due to
overlapping radiographic features, and the use of
corticosteroids or immunomodulators may reactivate
latent TB. Rifampicin may interact pharmacokinetically
and pharmacodynamically with COVID-19 medications
such as remdesivir and nirmatrelvir/ritonavir, potentially
reducing their efficacy or increasing their risk.%
Critically ill patients with multiple comorbidities
frequently exhibit poorer outcomes. Multidisciplinary
care, continuous monitoring, and treatment adjustments
are essential, to prevent polypharmacy and
immunological dysregulation.*’
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Figure 1: Summary of management lines of TB cases in ICU

The main lines of management of TB cases in ICU are
summarized in Figure 1.

4.6. High-Risk Groups in Intensive Care
Management of TB (2020-2025)

Tuberculosis (TB) remains a significant global health
concern, particularly among high-risk populations

requiring intensive care unit (ICU) management. Recent
studies from 2020 to 2025 have highlighted several
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vulnerable groups and the complexities involved in their
50
care”’.

5. Prognostic Indicators and
Outcomes

Patients with TB admitted to ICUs exhibit significant
morbidity and mortality rates. Recent research from
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Table 1: TB-associated vulnerable groups and the complexities

HIV and Drug- - Co-infection complicates treatment and Emphasizes the need for
Resistant TB (DR- increases mortality- Underweight HIV-DR- integrated nutritional and HIV
TB) TB patients had the lowest cure rate interventions in DR-TB
(23.2%) in the Eastern Cape study- HIV co- | management
infection linked with poorer outcomes
Cardiovascular - Acute TB phase increases cardiovascular | TB is an independent risk factor 51
Disease (CVD) Risk | events- Incidence rates: 3.5 (US), 2.7 (UK)- | for cardiovascular events,
TB patients show higher CVD risk even requiring cardiac monitoring
after adjusting for comorbidities
Nutritional Status - Malnutrition both a risk factor and Nutritional support is crucial in 37
and Malnutrition consequence of TB- BMI <18.5 linked to TB treatment plans, particularly
higher mortality- Nutritional supplements for underweight patients
can aid weight gain
COVID-19 and TB - TB patients face higher COVID-19 TB patients should be prioritized | 52
Co-infection complications- Increased emergency visits | for COVID-19 vaccination and
(HR 1.244) and critical care (HR 1.404)- close monitoring
Risk of breakthrough COVID-19 infections
higher
Renal and Hepatic - TB drugs may cause liver and kidney Requires individualized drug 53
Comorbidities toxicity- Hepatic: Adjust regimens in regimens and regular liver/kidney
cirrhosis to reduce hepatotoxicity- Renal: function monitoring
Avoid nephrotoxic drugs (e.g.,
aminoglycosides) in renal failure
Hypersensitivity to - 2.9% of TB patients had hypersensitivity Vigilant monitoring and 54
Anti-TB Drugs reactions- Most common: skin rash- Risk alternative drug options needed
factors: female, age <65, liver disease, in ICU settings
allergy history
Socioeconomic and | - TB prevalent in low-income, high-density, | Socioeconomic factors must be 55
Demographic marginalized areas- Leads to delayed addressed to improve TB control
Factors diagnosis, poor treatment adherence, high and outcomes
transmission

2020 to 2025 has identified several prognostic factors
that affect outcomes in this cohort.’

5.1. Clinical Severity Scores

The Acute Physiology and Chronic Health Evaluation II
(APACHE 1I) score is a validated predictor of mortality
in tuberculosis patients with respiratory failure.® A
retrospective analysis involving 153 patients with
pulmonary tuberculosis and respiratory failure found
that higher APACHE 1II scores were independently
associated with an increased risk of death. The study
developed a predictive model that integrates APACHE 11
scores, arterial oxygen pressure (Pa0Oz), serum albumin,
and C-reactive protein (CRP) levels, achieving an area
under the curve (AUC) of 0.818, with sensitivity at
83.3% and specificity at 73.1%.%’

5.2. Laboratory Indicators

www.apicareonline.com

Various laboratory factors have been linked to outcomes
in patients with critical illness tuberculosis. Reduced
levels of PaO: associated with ICU admission are
correlated with increased mortality rates.’® Serum
albumin levels indicate that poor outcomes associated
with hypoalbuminemia reflect both nutritional status and
systemic inflammation.” Elevated CRP levels correlate
with  increased inflammatory  response  and,
consequently, a higher risk of mortality.%
The predictive model outlined for assessing mortality
risk in TB patients with respiratory failure is entirely
reliant on these markers.

5.3. Pharmacogenomics and Treatment
Response

Treatment outcomes in individuals with tuberculous
meningitis (TBM) are significantly affected by genetic
polymorphisms in the N-acetyltransferase 2 (NAT2)
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Table 2: ICU outcomes of the different TB subtypes with the main risk factors and expected

survival
TB Subtype

MDR-TB (including HIV-co-
infection) 104243

‘ ICU Mortality / Survival

Adults: ~38% mortality;
success rate  ~50-57%.
Children fare better (mortality
~11%).

Key Risk Factors / Notes

Higher mortality in adults; better outcomes with
fluoroquinolones, aminoglycosides, Group IV drugs.
HIV presence worsens prognosis.

TB-HIV co-infection'®?2

Pooled mortality ~16.7%
overall; TB-HIV mortality 16—
35% vs TB-only ~4-9%.

Poor outcomes linked to advanced age, bedridden
status, extrapulmonary TB, low CD4 (<50 cells/mm3),
advanced WHO stage, Ols, and lack of prophylaxis.

TB meningitis (TBM)3¢'

General TBM mortality ~20%;
ICU cases up to 65% at 1 year.
In-hospital ~30%; HIV+
mortality ~53% vs ~22% in

Risk factors: HIV, advanced BMRC grade II/lll, positive
CSF culture, age >40, low GCS, MDR-TB. CNS
involvement, need for mechanical ventilation, and
neurosurgical intervention are common and portend

HIV-.

worse outcomes.

Pulmonary/Disseminated TB
with respiratory failure®

ICU mortality 60-69%
ventilated TB;

significantly
higher than non-TB ARDS
(56%) & pneumonia (36%).

for Common complications: ARDS, multi-organ failure
(MOF), nosocomial infections, pneumothorax, renal

failure. Risk factors include older age, high APACHE-II

scores, delayed recognition, and extensive pulmonary

involvement.

Miliary TB'S Mortality ~25% overall;

up to ~100% if untreated.

associated MOF-related death

ICU- | High risk of ARDS and MOF; often associated with HIV

or immunosuppression.

gene and the dosage of isoniazid (INH).®! High-dose
INH (600 mg/day) was beneficial for patients with
intermediate acetylator (IA) NAT2 genotypes, as
evidenced by a study involving 119 TBM patients, which
demonstrated lower rates of disability and mortality
compared to those receiving standard doses. Key
predictive factors identified through multivariate
analysis included INH dosage, cranial nerve palsy, age,
and headache.®

5.4. Mortality Rates and Outcomes

Mortality rates for tuberculosis patients in intensive care
units continue to be elevated. In a study of 153
individuals with pulmonary tuberculosis and respiratory
failure, the mortality rate was 39.22%.%! Factors
contributing to high mortality include delayed diagnosis,
advanced disease stage at presentation, and the presence
of concomitant diseases. 56!

5.5. Implications for Clinical Treatment

Clinical decisions may be guided by the identification of
prognostic indicators such as APACHE II scores, PaO-,
serum albumin, CRP levels, and genetic factors. Early
identification of high-risk patients facilitates prompt
interventions, including aggressive supportive care,
tailored medication, and assessment of supplementary
treatments.®> The incorporation of pharmacogenomic
information, specifically NAT2 genotyping, may
enhance therapeutic strategies for patients with TBM.%!
The management of TB patients in ICU settings requires
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a comprehensive approach that incorporates clinical
severity, laboratory markers, genetic factors, and
individualized treatment plans to optimize outcomes.*

6.ICU OUTCOMES OF CASES
OF TB

Outcome of TB cases cared in ICU differs markedly
according to TB subtypes. MDR-TB, especially with
HIV co-infection, carries substantial ICU mortality
(~38%), though pediatric outcomes are notably
better.'%424 HIV co-infection, even without MDR-TB,
approximately doubles mortality compared to HIV-
negative TB.!® TB meningitis in ICU is especially lethal-
mortality ranges from 30% (in-hospital) to > 65% at one
year, worsening further with HIV and MDR-TB. 366!
Pulmonary TB leading to respiratory failure is associated
with high ICU mortality (~60-70%), frequently
compounded by ARDS and multi-organ dysfunction..??
While Miliary TB, although less frequent, can progress
rapidly in ICU settings, especially without prompt
treatment, leading to MOF and high fatality.!”> ICU
outcomes of the different TB cases subtypes with the
main risk factors and expected survival are summarized
in Table 2.

7. ICU management of TB
cases in children and elderly
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Table 3: Future directions and research gaps in intensive care management of TB

Early Diagnostic
Tools for ICU
Settings

Traditional diagnostic methods (e.g.,
sputum microscopy, culture) are slow and
often impractical in ICU patients who are
intubated or unable to expectorate.

Priority | Topic Future Direction
Rank

Develop and validate point-of-care molecular
diagnostics (e.g., ultra-sensitive GeneXpert,
TB-LAMP). Advance non-sputum-based tools
(e.g., urine LAM, blood biomarkers) for ICU
use.

Validated Prognostic
Scoring Systems

No TB-specific ICU scoring system fully
reflects TB pathophysiology and host
factors, though general scores (e.g.,
APACHE Il, SOFA) are used.

Design and validate TB-specific prognostic
models including immune markers, imaging,
comorbidities, and organ dysfunction
indicators.

Optimal
Management of TB-
Associated Sepsis
and ARDS

Limited evidence guides treatment of TB-
related sepsis, ARDS, or MODS in ICU
patients.

Conduct clinical trials on adjunctive therapies
(e.g., corticosteroids, immunomodulators,
statins, anti-TNF agents) to establish
treatment protocols.

Drug-Resistant TB
(DR-TB) in Critical
Care

Scarce data on outcomes and drug
management (e.g., bedaquiline,
pretomanid) in ICU patients with organ
dysfunction.

Perform pharmacokinetic and safety studies
on newer and second-line TB drugs in
critically ill populations to guide dosing and
improve outcomes.

Integrated
Management of TB
with Comorbid
Conditions

Lack of integrated care pathways for ICU
TB patients with comorbidities (e.g., HIV,
diabetes, liver disease, malnutrition).

Develop multidisciplinary care models
involving infectious disease, nutrition,
endocrinology, and hepatology. Study
bundled interventions for multi-risk patients.

Precision Medicine
and
Pharmacogenomics

Current ICU TB management does not
account for individual variability in drug
metabolism (e.g., NAT2 genotype effects
on isoniazid).

Incorporate pharmacogenomic profiling into
ICU TB treatment planning, especially for TB
meningitis and DR-TB, to personalize
therapies and reduce toxicity.

Long-Term
Outcomes and Post-
ICU Care

Insufficient data on long-term functional,
cognitive, and respiratory outcomes of
ICU-treated TB survivors.

Launch prospective studies to evaluate
quality of life, rehabilitation needs, and TB
recurrence after ICU discharge for better
follow-up and planning.

Equity and Access in
Low-Resource
Settings

Research and interventions are mostly
urban or high-income-based, limiting
relevance to settings with highest TB
burden.

Focus implementation science on delivering
ICU TB care in resource-limited areas using
telemedicine, mobile diagnostics, and task-
shifting models.

Diagnosing and treating critically ill pediatric and
geriatric tuberculosis patients necessitates specialized
attention. Early diagnosis of disseminated or
extrapulmonary tuberculosis in children is challenging
due to nonspecific symptoms and a low bacillary load.
Weight-based dosing is essential because of
pharmacokinetic alterations associated with age. The
absence of pediatric formulations complicates drug
administration. Pediatric ICUs must take into account
growth, nutrition, and development in the provision of
supportive care.®*% In elderly tuberculosis patients,
there is a higher prevalence of unusual symptoms,
comorbidities, polypharmacy, and organ dysfunction.
These factors elevate the risk of pharmaceutical toxicity,
encompassing  neurotoxicity and  hepatotoxicity.
Immunosenescence and frailty may obscure clinical
signs and postpone diagnosis. Older ICU patients require
geriatric assessments, ongoing monitoring for adverse
drug reactions, and careful adjustments to medications
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considering renal and hepatic function. Comprehending
the distinct characteristics of high-risk TB patients
requiring intensive care is essential for achieving optimal
outcomes. %67

8. Future Directions and
Research Gaps

Despite ongoing advances in diagnostics and treatment,
tuberculosis (TB) remains a significant cause of critical
illness and ICU admission, particularly in low- and
middle-income countries. Several important future
directions and research gaps have been identified in the
2020-2025 literature that warrant further exploration
(Table 3).

This review addresses a significant and contemporary
issue: the management of tuberculosis (TB) in ICUs,
emphasizing drug-resistant strains and co-infections
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such as HIV. The systematic approach and extensive
array of topics are noteworthy, encompassing diagnostic
challenges, treatment options, and supportive care
strategies. The review provides a comprehensive
overview of the clinical challenges associated with
managing tuberculosis in the intensive care unit,
synthesizing literature from 2000 to 2025 and
incorporating various study types, including guidelines,
cohort studies, and retrospective analyses. The emphasis
on MDR-TB and the impact of serious illness on drug
efficacy provides valuable clinical insights.

However, certain issues within the review diminish its
utility. The absence of a quantitative synthesis of the data
limits the strength of its conclusions. The diversity of
study types may complicate the application of results to
other contexts, and the absence of stratification by
location or healthcare resource setting diminishes the
utility of the recommendations in particular scenarios.
The paper discusses the prolonged duration of diagnosis
and treatment but lacks detailed examination of
emerging diagnostic technologies, such as molecular
tests, which may hold significant relevance in intensive
care units. A further issue is the lack of specific
pharmacological ~ adjustments and  therapeutic
monitoring protocols for severely ill TB patients.

The review contains several significant gaps that
diminish its overall utility. The discussion omits high-
risk populations such as pediatric and elderly ICU
patients, and it fails to address the application of
prognostic tools or scoring systems for clinical decision-
making. Discussing supportive treatment is essential;
however, it would be more beneficial to incorporate
established ICU protocols for tuberculosis-related
complications such as sepsis or acute respiratory distress
syndrome into the conversation. Future research should
focus on developing guidelines tailored specifically for
ICUs. Consideration must be given to the issues of
medication resistance, host immunosuppression, and the
variability of resources across different health systems
globally.

9. CONCLUSION

The management of tuberculosis (TB) in intensive care
presents significant clinical challenges due to elevated
mortality rates, diagnostic delays, and complex
comorbidities. Patients with respiratory failure, HIV co-
infection, drug-resistant tuberculosis, or sepsis—
specifically critically ill tuberculosis patients—exhibit
an elevated risk of mortality, which typically ranges from
30% to 50%. Recent research from 2020 to 2025
identifies low arterial oxygen levels, hypoalbuminemia,
elevated C-reactive protein, and high APACHE II scores
as significant predictors of adverse outcomes. Delays in
diagnosis, stemming from the limited application of
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rapid diagnostic techniques in ICU settings, remain a
significant barrier to timely treatment. Coexisting
illnesses such as malnutrition, hepatic or renal failure,
and COVID-19 complicate treatment and worsen
prognosis. Recent research in pharmacogenomics,
particularly involving NAT2 genotyping in tuberculosis
meningitis, highlights the potential for personalized
treatment strategies to improve outcomes. Prioritizing
early recognition, tailored therapeutic approaches,
comprehensive  comorbidity = management, and
investment in diagnostics and precision medicine is
essential for reducing mortality and enhancing recovery
in the intensive care management of tuberculosis.
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