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 Tuberculosis (TB) is one of the top ten causes of death worldwide. In 2016, there were 490,000 cases of multi-
drug resistant TB globally. Over 2 billion people have asymptomatic latent Mycobacterium tuberculosis infection.
TB represents an important, but neglected management issue in patients presenting to intensive care units. Tu-
berculosis in intensive care settings may present as the primary diagnosis (active drug sensitive or resistant TB
disease). In other patients TB may be an incidental co-morbid finding as previously undiagnosed sub-clinical
or latent TB which may re-activate under conditions of stress and immunosuppression. In Sub-Saharan Africa,
where co-infection with the human immunodeficiency virus and other communicable diseases is highly preva-
lent, TB is one of themost frequent clinicalmanagement issues in all healthcare settings. Acute respiratory failure,
septic shock and multi-organ dysfunction are the most common reasons for intensive care unit admission of pa-
tients with pulmonary or extrapulmonary TB. Poor absorption of anti-TB drugs occurs in critically ill patients and
worsens survival. Themortality of patients requiring intensive care is high. Themajority of early TB deaths result
from acute cardiorespiratory failure or septic shock. Important clinical presentations, management and infection
control issues regarding TB in intensive care settings are reviewed.

© 2018 Published by Elsevier Inc.
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Table 1
Factbox – Venous thromboembolism (VTE) in patients with TB disease.

Background

• VTE is one of the most common medical complications of TB [13].
• Incidences of 1.5–3.4% have been reported in patients with TB disease [13,14].
• VTE can occur early or late in the course of the disease [13].
• Early VTE often occurs after initiation of anti-TB drugs (median interval 14 days)
[15].

Pathogenesis [13,16]

• TB-induced hypercoagulability (further exacerbated by HIV co-infection)
• Venous vessel wall inflammation (due to adjacent infectious process)
• Venous compression by lymph nodes
• Endothelial dysfunction due to TB-induced host response and rifampicin [17]
• immobilization
Diagnosis and treatment

• Comparable to patients without TB
1. Introduction

Tuberculosis (TB) is the leading cause of mortality associated with a
single identifiable infectious pathogen globally. TheWorld Health Orga-
nization (WHO) estimated that, in 2016, 10.4 million new TB cases oc-
curred worldwide, with about 10% (1 million) of these cases occurring
in people living with human immunodeficiency virus (HIV) infection
[1]. Sixty percent of new TB cases were reported from six endemic
areas (India, Pakistan, Indonesia, China, Nigeria, South Africa), while
only 3% of active TB cases were reported from Europe. TB claimed
1.674 million lives in 2016 [1]. The WHO defines death from TB as all-
cause mortality during the course of TB treatment. With relevant varia-
tions around the world (endemic areas N50% vs. b5% in non-endemic
areas), directly TB-related deaths usually occur early after diagnosis
[e.g. 20 days following diagnosis] [2]. In 2016, there were an estimated
490,000 cases of multi-drug resistant (MDR) TB worldwide with India,
China, South Africa and Eastern Europe carrying the greatest burden
[1]. Over 2 billion people have asymptomatic latentMycobacterium tu-
berculosis (M.tb) infection of whom about 10% will develop clinical dis-
ease during their lifetime under conditions such as stress, migration,
poor nutrition, co-morbidities (diabetes, cancer, COPD), use of steroids,
biologics and immunotherapies which lead to immunocompromise [3].

Patients infected with M.tb raise important management issues in
adult and children presenting to intensive care units. A relevant number
of these patients clinically present with active (drug-sensitive or MDR)
TB disease for single or multiple organ support. In other patients, detec-
tion ofM.tbmay be an incidental co-morbid finding as previously undi-
agnosed sub-clinical disease which only manifests during intensive
care. In patientswith latent infection,M.tbmay re-activate to active clin-
ical diseases under conditions of stress and immunosuppression [3].
Cases of active TB disease present special management and infection
control requirements in intensive care units worldwide.

The aim of this review is to provide an overview of the clinical pre-
sentation, management (TB drugs, treatment regimens, steroids, organ
specific TB, andHIV-co-infection) and infection control practices associ-
ated with critically ill patients with TB.

2. Search strategy

We searched theMedline (using PubMed) and other scientific data-
bases (Google Scholar, EMBASE, Cochrane) from Jan 1, 2000 until Octo-
ber 30, 2017 for publications in English by use of the terms ‘tuberculosis’
or TB, and combined this individually with ‘intensive care, ‘critical care’,
‘ITU’, ‘HDU’. Furthermore, reviews and other relevant literature pub-
lished before the year 2000, intensive care and infectious disease text-
books, national and international guidelines were screened for
relevant information. References of the most relevant publications
were retrieved to improve the search sensitivity.

3. Clinical presentation in intensive care

Reports fromBrazil, Germany, and Taiwan, indicate that themajority
of early TB deaths results from acute cardiorespiratory failure [2,4,5]. In
Sub-Saharan Africa, where co-morbidity with HIV and other communi-
cable diseases are highly prevalent, TB is one of the most frequent clin-
ical management issues in all healthcare settings [6-8]. Acute
respiratory failure, septic shock and multi-organ dysfunction are the
most common reasons for intensive care unit admission of adult and
paediatric patients with active TB [9-12]. Further common causes of
critical illness in patients with active TB are bacterial co-infections
(e.g. chest infections), anti-TB drug toxicity, thromboembolic complica-
tions (Table 1), post-surgical status, and pulmonary haemorrhage [18].
Patients with TB admitted to a Portuguese intensive care unit required
a high degree of organ support [mechanical ventilation (66.7%), vaso-
pressors (35.9%), renal replacement therapy (7.7%), extracorporeal
membrane oxygenation (5.1%)] [19]. Themortality of patientswith con-
firmed TB requiring intensive care is high [up to 68.7%] [11,20]. Several
models to predict mortality have been published. The score with the
highest predictive value [area under the receiver operator curve, 0.92
(95%CI, 0.85–0.98)] identified miliary TB, need for mechanical ventila-
tion and presence of shock as the main determinants of death [21].
Other documented risk factors for mortality include nosocomial pneu-
monia, multi-organ failure, TB destroyed lung, an APACHE II score N20
and duration of symptoms N4 weeks [11,22,23].

4. Management of patients in intensive care

4.1. Anti-TB drugs and treatment regimens

Anti-TB drugs are the mainstay of TB treatment. Both for children
and adults with drug-sensitive TB, national and international guidelines
recommend a standard treatment regimen including four anti-TB drugs
(Table 3) [24,25]. This regimen consists of an intensive (two months of
four drugs) followed by a continuation phase (four months of isoniazid
and rifampicin). Treatment extension to nine months (and in some
cases longer) should be considered in patients with TB of joint or
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Table 3
Diagnostic work-up of TB.

General clinical symptoms Fever
chills,
appet
asthe

Pulmonary or
laryngeal TB

Specific clinical symptoms Cough
Imaging and investigations: chest X-ray, thoracic ultrasound,
CT chest, laryngoscopy, bronchoscopy (lavage and or biopsy)

Chest
Pulmo
the di
(b100
may o
X-ray
Chest
caviti

Sputum or induced sputum required for AFB smear
microscopy (ZN or auramine) and culture examination

AFB sm
an est
of TB
Cultu
TB an
secon
Note:
proce
bronc
NAAT
tuberc
Ideall

Cultu
conta
susce
Myco
solid

Drug S
isolate
be per

Drug

Table 2
Risk factors for acquiring infection with M.tb and for developing active TB disease.

Risk factors for acquiring infection with
Mycobacterium tuberculosis

Risk factors for developing active TB
disease after infection with
Mycobacterium tuberculosis

• Close contact with an active pulmo-
nary TB disease case
• Foreign born adult or child, who
have migrated within the last
5 years from a high incidence TB
country

• Low-income group with little access
to health care, including homeless
people, living in crowded poorly
ventilated rooms or settings

• People who live or work in high-risk
settings (e.g. nursing homes, home-
less shelters, mental health institu-
tions, military garrisons, refugee
camps or prisons)

• Illicit drug use
• Sex workers
• Health care workers

• HIV infection
• Recent treatment for M.tuberculosis
(within the past two years)

• Medical conditions known to
increase the risk for TB:

- silicosis
- chronic respiratory disease
- smoking
- diabetes mellitus
- severe chronic renal insufficiency/-

hemodialysis
- certain types of cancer (e.g. head

and neck)
- solid organ transplantation
- immunosuppressive therapy

(including prolonged use of
corticosteroids, chemotherapies and
monoclonal antibodies)

- malnourished, underweight (body
mass index b18)

• Pregnancy and post-partum period
• Illicit drug use
• Alcoholism
• Age b 5 or N 65 years
• Malnutrition
• Vitamin D deficiency

TB, tuberculosis; HIV, human immunodeficiency virus.
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bone, or those with a high risk of relapse (e.g. extensive disease, cavita-
tions, immunosuppression, sputum culture positive N8 weeks), and
12 months or longer in patients with tuberculous meningitis (TBM)
[3,26]. Early initiation of anti-TB treatment is essential and appears to
be associated with improved survival, particularly in patients with a
high disease severity [27]. This does not only require a high index of
clinical suspicion but also means that, in many cases, anti-TB drugs
must be initiated empirically based on individual patient factors
(Table 2) and the clinical presentation, even in the absence of a positive
sputum smear. Rapid TB tests (e.g. based on nucleic acid amplification
techniques) can critically shorten the time to confirmation of the diag-
nosis (Table 3) [28].

Infection with MDR (resistant to at least isoniazid and rifampicin)
and extensively resistant (resistant to at least isoniazid, rifampicin,
fluoroquinolones and one second line injectable) strains ofM.tb carries
an exceptionally high mortality and is a growing challenge in many
parts of the world [1,3]. Rapid molecular diagnostic tests (e.g.
GeneXpert MTB/RIF assay) yield fast results onM.tb resistance to rifam-
picin, which by proxy indicates resistance to isoniazid in themajority of
cases [28]. Standard phenotypic culture-based drug susceptibility tests
yield results within two weeks and should be performed routinely
wherever available [3]. Clinically, the intensivistmust consider infection
with a resistantM.tb strain if the patient originates from a high-risk re-
gion, has undergone a treatment course of first-line anti-TB drugs or
fails to respond to standard anti-TB regimens [3,26]. As a rule-of-
thumb, further drugs should not be added to a failing regimen but a
new regimen consisting of four to five second-line anti-TB drugs or
drugs the pathogen is susceptible to should be implemented instead.
Treatment of drug-resistant TB should prompt input from an infectious
, cough, (night) sweats,
weight loss, loss of
ite, lymphadenopathy,
nia, fatigue, malaise

ing, haemoptysis, chest pain when breathing or coughing, hoarseness (laryngeal TB)
X-ray should be considered in all possible pulmonary and extrapulmonary TB cases.
nary TB classically affects the upper lobes and nodules and cavities are suggestive of
sease. However in immunocompromised individuals with a low CD4 count
/mm3) a more disseminated (miliary) pattern or lower or mid zone consolidation
ccur. Typical appearance may not be present with more advanced disease; clear chest
s have been described in patients with very advanced disease.
CT scan may demonstrate “tree in bud” changes, hilar lymphadenopathy and/or
es and pleural effusions.
ear microscopy allows for a preliminary confirmation of pulmonary TB and allows for

imate of bacillary excretion and degree of infectiousness as well as an important marker
treatment response or failure. Ideally a smear result should be available within 24 h.
re is required in most cases to confirm diagnosis of pulmonary and extra pulmonary
d remains the gold standard, culture can also allow for drug susceptibility of first and
d line anti TB drugs as well as typing and whole genome sequencing.
If a diagnosis of pulmonary TB cannot be established from sputum smear, other
dures maybe necessary, including culture, NAAT (GeneXpert-Cepheid),
hoscopy, and gastric aspiration in children for deeper samples.
is a test performed on sputum or lower respiratory samples to detect Mycobacterium
ulosis complex and rifampicin resistance through amplification of the rpoB gene.
y NAAT test result should be made available within 72 h.

re is necessary for species identification of all clinical specimens suspected of
ining Mycobacteria. It is required for phenotypic first and second line TB drug
ptibility testing and for subsequent genotyping and whole genome sequencing. Liquid
bacterial culture allows for more rapid detection mean 14 days (up to 42 days) than
culture but is at risk of greater contamination and costs more.

usceptibility Testing (if available) for first-line drugs is generally performed on initial
s of all patients to identify an effective anti-TB regimen. Testing of second-line drugs may
formed on the initial specimen if drug resistant TB suspected or confirmed by NAAT.

Resistance Screening by Sequencing with molecular tool like the Hain line probe
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Table 3 (continued)

General clinical symptoms Fever, cough, (night) sweats,
chills, weight loss, loss of
appetite, lymphadenopathy,
asthenia, fatigue, malaise

assay. Allows for rapid confirmation of MDR-TB through the identification of genetic
mutations associated with rifampicin (rpoB), isoniazid (katG), fluroquinolones (gyr A and
B) and injectable amikacin (rrs).

Extra-pulmonary
TB

Specific clinical symptoms Clinical symptoms depend on the part of body affected by TB (see text for details)
Imaging: X-ray, ultrasound, CT, MRI of affected organ or body
site

A high degree of suspicion is generally required to diagnose extrapulmonary TB beyond TB
lymphadenopathy.
Extrapulmonary TB frequently requires a broad differential diagnosis to exclude
malignancy, other granulomatous diseases and non-specific infections.

Depending on the anatomical site, other clinical specimens are
necessary, such as:

• Urine
• CSF
• Pleural fluid
• Pus or other aspirated fluid
• Biopsy specimens
• Blood

AFB microscopy may not provide a good yield from extrapulmonary sources i.e., large
quantity of CSF is required to perform a ZN stain.
Culture is required in most cases to confirm diagnosis of pulmonary and extra pulmonary
TB and remains the gold standard, culture can also allow for drug susceptibility of first and
second line anti-TB drugs as well as typing and whole genome sequencing.
NAAT has varying sensitivity and specificity for extra pulmonary sites and is highest with
lymph node aspirates and lowest with CSF and pericardial fluid.

TB, tuberculosis; CT, computer-tomography; AFB, acid fast bacilli; ZN, Ziehl Neelsen; NAAT, Nucleic Acid Amplification Test; MRI, magnetic resonance imaging; CSF, cerebrospinal fluid.
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disease specialist, and MDR-TB WHO guidelines should be followed
where possible. Initial treatment regimens for drug-resistant TB
includes at least four second line drugs (e.g. core drugs: later generation
fluoroquinolones, amikacin, capreomycin, kanamycin, ethionamide/
prothionamide, cycloserine, linezolid, clofazimine and non-core
drugs like delamanid, bedaquiline, p-aminosalicylic acid, imipenem-
cilastatin/meropenem, amoxicillin-clavulanate, thioacetazone) admin-
istered over eighteen months or more [3,24,28].

The treatment success of standard regimens under trial conditions in
drug-susceptible TB is 95% in non-critically ill patients [3]. Treatment
success critically depends on adequate blood levels of anti-TB drugs
[29], while pharmacokinetic variability to a single drug of the regimen
can cause treatment failure or induce drug resistance [30]. Pharmacoki-
netics is extensively altered by physiological and pathophysiological
changes occurring during critical illness [31]. So far, little is known
about the pharmacokinetic changes of anti-TB drugs in critically ill pa-
tients. An observational study fromSouthAfrica reported that therapeu-
tic blood levels were achieved in only a minority (b30%) of critically ill
patients when rifampicin, isoniazid, pyrazinamide and ethambutol
were given as a fixed dose via a nasogastric tube [32]. Case reports ob-
served inadequate blood levels of anti-TB drugs in patients on renal re-
placement therapy and/or extracorporeal membrane oxygenation
[33,34]. Multiple factors may influence pharmacokinetics in critically
ill patients. Intestinal absorption may be delayed or altered by
gastroparesis, intestinal paralysis, ulcer prophylaxis, enteral nutrition
and critical illness-associated changes of the microbiome. Oedema for-
mation and fluid accumulation increase the volume of distribution of
anti-TB drugs. Glomerular hyperfiltration or augmented renal clearance,
and acute kidney or liver injury can affect anti-TB drug elimination [31].
In addition, genetic variations in drugmetabolism [e.g. acetylator status
for isoniazid metabolization] play a role as well [35,36]. To avoid inade-
quate intestinal drug absorption, it appears pragmatic to, at least ini-
tially until gastrointestinal function is restored, administer anti-TB
drugs intravenously to critically ill patients. Although rifampicin, the
drug with the highest sterilizing TB activity, is available in an intrave-
nous formulation, not all drugs are (Table 4), especially the bactericidal
isoniazid is not readily available in all regions of the world. In these
areas, local regimens of alternative intravenous anti-TB drugs (e.g. a
combination of intravenous rifampicin, moxifloxacin and amikacin)
may be useful and effective to bridge the period of impaired gastrointes-
tinal function. The use of empirical intravenous fluoroquinolones was
suggested to improve survival of critically ill patients admitted for pul-
monary TB mimicking severe community-acquired pneumonia [23].
Smaller studies indicated that higher doses of rifampicin (e.g. 15
mg/kg/d) and addition of a fluoroquinolone (e.g. levofloxacin at 20
mg/kg/d) might be associated with improved survival from TB [37,38].
However, a recent large trial failed to confirm these results in adult pa-
tients with TBM [39]. Since only 17.4% of study patients presented with
a high disease severity in this trial, its conclusions for critically ill pa-
tients remain unclear. Others have recommended therapeutic drug
monitoring to optimize dosing of anti-TB drugs in critically ill patients
[40,41]. This is, however, unlikely to be available in all settings, particu-
larly in those parts of the world where TB is endemic (see Table 5).

Both rifampicin and isoniazid change the activity of cytochrome
P450 isoenzymes and are responsible for interactions with several
drugs commonly administered in critically ill patients (Table 4). While
isoniazid inhibits, rifampicin induces cytochrome activity. Overall, the
inductive effects of rifampicin outweigh isoniazid's inhibitory effects.
Drug level monitoring and dose adjustments of other drugs are fre-
quently necessary. Notably, rifampicin may reduce blood levels of se-
lected second line anti-TB drugs such as moxifloxacin [42].

Another key challenge of anti-TB drugs relates to their side ef-
fects. Some of them (e.g. isoniazid-induced peripheral neuropathy)
may be preventable [e.g. by pyridoxine 10 (−25) mg/d] [24,25].
Others are not life-threatening but may have significant impact on
the patient's quality of life if not recognized early (e.g. ethambutol-
induced retrobulbar neuritis). Drug-induced liver injury is the most
dangerous adverse effect of anti-TB drugs and occurs at an incidence
of 3–13% with incidence increasing with age [43]. It is commonly
triggered by rifampicin, isoniazid, and/or pyrazinamide, especially
if combined with other potentially hepatotoxic drugs (e.g. paraceta-
mol, valproic acid). Drug-induced liver injury may develop early
after initiation of anti-TB therapy, but may cause critical illness dur-
ing the subsequent treatment phase. As patients with underlying
liver dysfunction are at highest risk, liver function should be judi-
ciously evaluated (incl. hepatitis serology) in all patients before ini-
tiation of anti-TB treatment. The first sign of drug-induced liver
injury is usually an increase in liver enzymes N3 times of the normal
value. The clinical picture may range from an asymptomatic de-
rangement of liver enzymes to acute liver failure. In case of labora-
tory or clinical signs of liver dysfunction (e.g. right upper quadrant
pain, jaundice, coagulopathy, hypoglycemia, encephalopathy),
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Table 4
Overview of first-line anti-TB drugs.

Drug Dose IV form Contra-indications CSF
penetration

Side effects Comment

Rifampicin Adults: 10
mg/kg/d
(max. 600
mg/d)
Children:
15–20
mg/kg/d
(max. 600
mg/d)
No dose
adjustment in
renal failure

Available Unstable liver
disease, known
hyper-sensitivity

10–20% DILI, vasculitis, nephritis,
thrombocytopenia, leukopenia,
hemolytic anemia, exfoliative
dermatitis

Frequent drug interactions (CYP induction)a, orange
discoloration of body secretions (incl. urine, tears,
sweat), monitoring of liver enzymes and bilirubin
recommended

Isoniazid Adults: 5
mg/kg/d
Children: 10
mg/kg/d
(max. 300
mg/d)
No dose
adjustment in
renal failure

Available
(not
always
accessible)

Unstable liver
disease, known
hyper-sensitivity

100% DILI, peripheral neuropathy, lupus-like
syndrome, (hypersensitivity) vasculitis,
seizures, altered mental state

Drug interactions (CYP inhibition)b, combine with
pyridoxine [10 (−25) mg/d], monitoring of liver
enzymes recommended

Ethambutol Adults: 15
mg/kg/d
Children:
20–30
mg/kg/d
(max. 1200
mg/d)
Dose
adjustment in
renal failure

Available
(not
always
accessible)

Retrobulbar
neuritis, known
hyper-sensitivity

25–50% Retrobulbar neuritis, DILI,
thrombocytopenia, leukopenia,
myocarditis, pericarditis, altered mental
state, exanthema, arthralgia

Visual disturbances often begin with loss of
red-green discrimination and then rapidly progress
to blindness

Pyrazinamide Adults: 25
mg/kg/d
Children: 35
mg/kg/d
(max. 2000
mg/d)
Dose
adjustment in
renal failure

Not
available

Unstable liver
disease, known
hyper-sensitivity,
porphyria

100% DILI, exanthema, rhabdomyolysis,
arthritis

Monitoring of liver enzymes recommended

CSF, cerebrospinal fluid; DILI, drug-induced liver injury; CYP, cytochrome P450 system.
Fixeddose combination tablets (containing either rifampicin, isoniazid, pyrazinamide and ethambutol, or rifampicin and isoniazid) are available. There is limiteddata on the bioavailability
if these tablets are crushed and administered via the nasogastric tube. Alternatively, a syrup formulation can be used, particularly in children.

a Rifampicin reduces blood levels of the following drugs (relevant to intensive care): azole antifungal agents (e.g. fluconazole, voriconazole, itraconazole),moxifloxacin, clarithromycin,
doxycycline, methadone, warfarin, cyclosporine, steroids, anticonvulsants (incl. phenytoin), digoxin, verapamil, diltiazem, nifedipine, propranolol, metoprolol, enalapril, losartan,
propafenone, theophylline, statins, sulfonyl ureas, haloperidol, quetiapine, benzodiazepines, zolpidem, non-nucleoside reverse transcriptase inhibitors, protease inhibitors.

b Isoniazid increases blood levels of the following drugs (relevant to intensive care): anticonvulsants (e.g. phenytoin, carbamazepine, valproic acid), diazepam, triazolam, theophylline,
acetaminophen, warfarin. When isoniazid is combined with rifampicin, the CYP inducing effects of rifampicin predominate.
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hepatotoxic anti-TB drugs (e.g. rifampicin, isoniazid, pyrazinamide)
should be replaced by an aminoglycoside, levofloxacin and ethambu-
tol, or other second-line drugs [44].

4.2. The use of steroids

Glucocorticoids alter the immune response toM.tb. Current evidence
and guidelines suggest that adjunctive steroid therapy reduces mortal-
ity and probably long-term sequelae in HIV-negative patients with tu-
berculous meningitis and pericarditis [24,25]. An ongoing trial in
Southeast Asia evaluates whether this evidence can be translated to
HIV-positive patients. The effects of steroids on mortality of patients
with pulmonary or extrapulmonary TBother thanmeningitis or pericar-
ditis remain controversial. A recentmeta-analysis reported that steroids
could decreasemortality for all forms of TB [45]. It appears that these ef-
fects aremost consistent in patients with a high disease severity such as
miliary TB or TB-associated septic shock [45,46]. Adrenal insufficiency in
patients with TB can be caused by an exaggerated pro-inflammatory re-
sponse [47], tuberculous infiltration or adrenal haemorrhage.
Rifampicin increases cortisol metabolism and can precipitate
hypocortisolism [48]. Although an inadequate increase in cortisol levels
has been observed in 50% of hospitalized patients with TB in India [49],
one study reported symptomatic adrenal insufficiency in only 1.4% of
patients [50]. The incidence of adrenal insufficiency in critically ill pa-
tients with TB is unclear. Similarly, no studies have addressed the ques-
tion whether steroid replacement improves organ function and/or
outcome in patients with TB and critical illness related corticosteroid
insufficiency.

4.3. Organ-specific TB – management and support

4.3.1. Pulmonary TB
Themost commonly affected organ in TB infection is the lungs. Sim-

ilar to other infectious diseases (e.g. influenza), the overall rate of acute
respiratory failure in hospitalized patients with pulmonary TB is rela-
tively low (1.5–5%) [51,52]. However, in those with HIV infection, ex-
tensive (e.g. miliary) or advanced infection, it is the most common
cause of critical illness. An intense pro-inflammatory reaction to
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Table 5
Key management differences between children and adults with TB.

Children Adults

Typical age 6 months to 5 years and N15
years

Any

Disease type Primary infection Primary or post-primary
infectiona

Co-infection with
HIV

Rare Frequent

Chest X-ray Mostly hilar
lymphadenopathy with or
without infiltrate

Lymphadenopathy with
(upper lobe) infiltrates with
or without cavitating lesions

M.tb bacilli load in
sputum

Low (paucibacillary) Low to high (multibacillary)

Risk of
transmission to
others

Low High

Need for isolation Yes Yes
Extrapulmonary
TB

Frequent (N30%)
(independent of HIV status)

Rare (except in HIV positive
patients)

Tuberculous
meningitis

Seizures frequent (~50%),
agitation and delirium
infrequent

Seizures rare (~5%),
agitation/delirium frequent

Diagnostic
pathway

Pathway similar to adults but
more difficult to sample
respiratory specimen

Treatment 3 or 4 first-line anti-TB drugs
(drug sensitive TB)

4 first-line anti-TB drugs
(drug sensitive TB)

Pharmacokinetics
of anti-TB drugs

Children metabolize many
anti-TB drugs faster than
adults (higher doses per kg
required)

Side effects of
anti-TB drugs

Infrequent Frequent

a Outdated concept as studies showed that many cases of suspected post-primary TB
were actually re-infections.

Fig. 1. Lung histology showing M.tb bacilli in a patient who died of severe pneumonia.

Fig. 2. Autopsy histology of lung of aM.tb-HIV co-infected patient showing owl's eyes in-
clusion bodies of cytomegaly virus.
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Mycobacterium-induced injury of the alveolar capillary membrane in-
creases extravascular lung water, induces a ventilation/perfusion mis-
match and increases the alveolar arterial gradient (Figs. 1 and 2).
Interstitial granulomatous infection andobliterative endarteritis are fur-
ther contributory factors in the pathophysiology of acute respiratory
failure due to pulmonary TB (Fig. 3) [53,54]. Clinically,many of these pa-
tients fulfill the criteria of the Acute Respiratory Distress Syndrome
(ARDS) [55]. In advanced disease, air spaces become destroyed by
caseating granulomas and fibrocavitary lesions [53,54].

The mortality of patients with TB-associated ARDS exceeds that of
patients with ARDS from any other cause [56]. Notably, mortality in pa-
tients developing ARDS only during anti-TB treatment is lower than in
those who present with ARDS at admission [57]. Although non-
invasive ventilation has been reported as a useful method to improve
respiratory failure in patients with chronic pulmonary sequelae from
lung TB [58], the failure rate of non-invasive ventilation in patients
with TB-associated ARDS is high. Principles of invasive ventilation (e.g.
lung-protective ventilation) in these patients do not differ from those
applied in other patients with ARDS. Need for mechanical ventilatory
support is often prolonged both in adults and children [10,12].

Complications in patients with pulmonary TB are common and in-
clude bacterial infection, pulmonary haemorrhage, pleural effusion/em-
pyema, and/or pneumothorax (Fig. 4). Underlying immunosuppression
and prolonged mechanical ventilation make these patients extremely
prone to nosocomial bacterial infections. Ventilator-associated pneu-
monia has been reported to occur in up to two thirds of patients
[5,59]. Pneumothoraces developed in 13.8% of patients admitted to the
intensive care unit because of TB. Most of these occurred during me-
chanical ventilation [5]. Drainage of pneumothoraces and pleural effu-
sions can be complicated by pleural adhesions and bronchopleural
fistulas. Long-term complications of pulmonary TB include chronic re-
spiratory insufficiency due tofibrotic lung changes or extensive cavitary
lesions [58,60].
Major haemoptysis (N200mLblood expectorated/24h) is a common
complication of pulmonary TB, both in the acute and post-infection pe-
riod [14]. Themain pathogenetic mechanism is vascularwall necrosis of
bronchial arteries adjacent to bronchiolar ulcerations or caseating
lymph nodes [61]. When tuberculous lesions invade the chest wall,
bleeding may also originate from intercostal, subclavian or mammary
arteries. The first management priority in patients with pulmonary
haemorrhage is airway control and provision of adequate gas exchange.
This frequently necessitates endotracheal intubation and mechanical
ventilation [62]. Antitussives (e.g. opiates) and tranexamic acid are ad-
juncts which are often employed under these circumstances. Bronchos-
copy can be used to diagnose and treat pulmonary haemorrhage (e.g. by
topical application of epinephrine (adrenaline) 1:10,000 to 1:100,000)
[63]. If a bleeding source can be determined on contrast-enhanced com-
puter tomography, angiographic embolization is highly effective in con-
trolling the bleeding [64]. Emergency surgery is associated with high
mortality and is reserved for patients who cannot be managed conser-
vatively [63].

4.3.2. Central nervous system TB
TB-associated pathologies of the central nervous system include de-

lirium, TBM, tuberculoma of the brain or spinal cord, and stroke. While
deliriumcan complicate the course of any critically patientwith TB, TBM
is the most frequent neurologic condition induced by TB. It often
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Fig. 3. Autopsy examination of lung tissue in a patient with pulmonary TB - shows
Langehan's giant cells and caseous necrosis.
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complicates miliary TB and is particularly common in children
(0.5–5 years) and HIV-positive subjects. Hospital mortality rates of
25% (67% in HIV-positive patients) and 65% at one year have been re-
ported [65,66]. Approximately half of the survivors suffer from neuro-
logical sequelae [65,67]. The pathophysiology of TBM involves
haematogenous spread of TB bacilli to the meninges or brain tissue
with secondary penetration in the subarachnoid space [68]. Characteris-
tically, the infratentorialmeninges and subarachnoid space are predom-
inantly affected. Initial symptoms of TBM are notoriously non-specific
(e.g. fever, headache, loss of appetite, malaise, vomiting) and of sub-
acute onset (12–29 days) [68], although one third of patients may pres-
ent with symptoms lasting one week or less [69]. Agitation is frequent
while clinical signs of meningeal irritation are only inconsistently pres-
ent. Cranial nerve palsies, mostly involving the abducens nerve, are en-
countered in one third of patients. Based on the level of consciousness,
Fig. 4. Chest X-ray in a spontaneously breathing patient with active pulmonary TB disease
and pneumothorax presenting with respiratory distress and shock.
presence of focal neurological deficits and other aspects (meningism,
seizures), the British Medical Research Council defined three clinical
stages of TBM that are closely related to mortality [70]. The diagnosis
of TBM requires a high index of suspicion and clinical acumen. Further
diagnostic methods include fundoscopy (e.g. papilloedema, neovascu-
larization) and lumbar puncture. In case of focal neurological deficits,
a tuberculoma of the brain or spinal cord as well as a stroke must be
suspected and computer tomography or magnetic resonance imaging
performed (Fig. 5) [71]. The cerebrospinal fluid analysis is characterized
by an increased cell count with lymphocytic predominance, increased
protein (when left standing proteins typically precipitate to a “spider's
web clot”), and decreased glucose levels. The cerebrospinal fluid of
HIV-positive patients with TBM can have lower cell counts, polymor-
phonuclear cell predominance and normal glucose levels, a constella-
tion which may be confused with cryptococcal meningitis [72]. Smear
microscopy with Ziehl Neelsen staining requires high fluid amounts
(up to 10 mLs) and has a low diagnostic sensitivity (10–60% depending
on laboratory capacities and technician experience). Similarly, the sen-
sitivity of molecular techniques are only moderate (~50%) but specific-
ity is high (98%), and they require at least 2 mL of cerebrospinal fluid
[73]. Cerebral imaging studies of adults with TBM revealed that nearly
80% had one or more cerebral tuberculoma(s), many of which paradox-
ically developed only during anti-TB therapy [74,75].

Nearly all patients with TBM requiring intensive care do so because
of an altered mental state (agitation and more commonly a decreasing
level of consciousness). In a French series, 75% of critically ill patients
with TBM required intubation and mechanical ventilation [76]. British
andWHO guidelines recommend timely initiation of anti-TB treatment
with first line drugs [24,25], although newdata suggest a promising role
of fluoroquinolones [77]. In addition, adjunctive steroid therapy with
dexamethasone or equivalent doses of prednisolone is recommended
[24,25], as trials suggest that this is associated with improved mortality
[78]. The duration of steroid therapy is usually two months, with
Fig. 5. MRI brain in a patient with central nervous system TB: Leukoaraiosis secondary to
TB vasculopathy. Left thalamic parenchymal enhancement and oedema. Focal mature
gliosis in the right thalamus.
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weaning of the steroid dose over this period [65]. Neurosurgical inter-
ventionsmay be indicated for evacuation of large a tuberculoma/s. Gen-
eral neuro-intensive care principles regarding temperature control,
cardiorespiratory management and blood sugar control also apply for
patients with tuberculous central nervous system involvement.

Complications of TBM are frequent and include hydrocephalus, sei-
zures (more frequent in children than adults), sodium disturbances
(e.g. syndrome of inadequate antidiuretic hormone secretion) and
stroke. In approximately 80% of cases, the hydrocephalus is communi-
cating and must be suspected in all patients with a decreased mental
state. Although conservative management with diuretics (e.g. acetazol-
amide 100 mg/kg/d) can be attempted, repeated lumbar drainage or
placement of a ventricular drain is required in about one third of pa-
tients [76]. For the treatment of seizures, valproic acid should be used
with caution as it may increase the risk of drug-induced liver injury
[79]. Up to two-thirds of patients with TBM develop radiologic signs of
stroke, mostly involving the basal ganglia [70]. The pathogenetic mech-
anisms of stroke in TBM remain unclear but likely involve vasospasm or
inflammation of arteries crossing thick subarachnoid exudates (acute
phase), as well as proliferative intimal disease and hypercoagulability
(chronic phase) [68]. The clinical picture of TBM-associated stroke
varies from no signs or only subtle signs, to monoplegia (acute phase)
or dense hemiplegia (chronic phase). There is no specific therapy. In a
randomized trial from India including 118 patients with TBM, prophy-
lactic aspirin (150 mg/d) resulted in a 19.1% absolute risk reduction of
stroke and a lowermortality (21.7 vs. 43.4%; p=0.02) compared to pla-
cebo [80]. Currently, a Vietnamese trial to confirm these findings is on-
going (NCT02237365). A study in children with TBM failed to show
benefits of aspirin [81]. Small studies have shown some benefit of tha-
lidomide as a rescue therapy in children with TBM and tuberculomas
who do not respond to anti-TB drugs and corticosteroids [82].

4.3.3. Tuberculous pericarditis
Haematogenous seeding, contiguous spread of a lung lesion, or rup-

ture of a caseous lymph node into the pericardium can result in tubercu-
lous pericarditis and pericardial effusion [83]. The incidence of
tuberculous pericarditis varies around the globe and is highest in
South Africa [84]. The diagnosis is usually based on clinical symptoms,
electro-/echocardiography and/or pericardial puncture. The effusion is
typically bloody with elevated protein levels and cell count (predomi-
nantly lymphocytes). The sensitivity of diagnostic tools (smear micros-
copy, adenosine deaminase fluid levels N30–60 IU/L, molecular testing)
is limited and requires that therapy often needs to be initiated without
laboratory confirmation [85,86]. Anti-TB treatment for tuberculous peri-
carditis is identical to that of pulmonary TB [24,25]. Steroids (predniso-
lone-equivalent of 60 mg/d for 4 weeks followed by 30 mg/d for four
weeks, and then 15mg/d for two and 5mg/d for oneweek) hasten clin-
ical improvement, decrease the rate of constrictive complications and
the need for subsequent pericardectomy [87]. Large pericardial effu-
sions with or without tamponade develop in about 10% of patients
and require percutaneous puncture and/or surgical drainage (Fig. 6).

4.3.4. Abdominal TB
Abdominal TB complicates one third of cases with pulmonary TB

[88]. It mainly includes gastrointestinal TB and tuberculous peritonitis.
Gastrointestinal TB mainly results from ingestion of infected sputum
in acute pulmonary TB and involves the terminal ileum and ileocaecal
region in 75% of cases [89]. It is particularly prevalent in the Indian sub-
continent and often presents with non-specific gastrointestinal symp-
toms and a palpable mass in the right iliac fossa [89]. A proportion of
abdominal TB cases may be due to M. bovis infection. Gastroduodenal
or small intestinal ulcerations rather than hypertrophy are seen in pa-
tients with post-primary pulmonary TB. Haematogenous seeding and
direct spread from infected lymph nodes are the pathogenetic mecha-
nisms leading to tuberculous peritonitis. Clinical symptoms of abdomi-
nal TB depend on the underlying pathology.While up to 30% of patients
present with an acute abdomen (due to obstruction or rarely perfora-
tion) (Fig. 7), the majority manifest with abdominal pain (75%), ascites
(60%), andweight loss (50%). from abdominal pain (75%), ascites (60%),
andweight loss (50%) [88]. Data from the largest series of acute abdom-
inal TB revealed that abdominal distention and tenderness was fre-
quent, but guarding was not [69,90]. The diagnosis of gastrointestinal
TB is made clinically or by imaging (e.g. computer tomography). Ascitic
puncture in tuberculous peritonitis has a low diagnostic yield. Laparo-
scopic or blind peritoneal biopsies have a sensitivity of about 75%
[91,92]. Treatment strategies for abdominal TB are largely based on
anti-TB drugs and supportive measures. Endoscopic balloon dilatation
has successfully been used in patients with colonic or ileocaecal stric-
tures [93]. Surgery is reserved for patients with perforation, complete
obstruction or massive bleeding. The rates of perioperative complica-
tions are high [88].

4.3.5. Further extrapulmonary TB manifestations
Haematogenous seeding can involve essentially all body tissues and

organs such as the liver, spleen and kidneys including the urinary tract
(with the potential to cause ureteral strictures andhydronephrosis). Tu-
berculous laryngitis resulting in hoarseness, cough and in severe cases
pain and airway obstruction can complicate pulmonary TB [94]. Of all
bones and joints, the lower thoracic spine is affected most frequently
(Pott's disease in which long-term sequelae are common) [95]. Tuber-
culous uveitis can cause acute blindness, lymphadenitis (Fig. 8) with
or without lymphocutaneous fistulas [83]. Conjunctivitis and erythema
nodosum represent hypersensitivity reactions to bacilli antigens in pa-
tients with acute TB [83].

4.3.6. Disseminated TB
Disseminated TB, also referred to as miliary TB due to the character-

istic miliary pattern seen on chest X-ray (Fig. 9), is associated with
mycobacteraemia andmultiple organ involvement. Most commonly af-
fected organs are the lung, liver, spleen,meninges, and kidneys. Charac-
teristic skin lesions (erythematousmacules and papules, also referred to
as TB miliaria cutis) and choroidal tubercles on fundoscopy can give
valuable clues in the diagnosis of miliary TB [96]. Many patients present
with ARDS and shock [27]. Disseminated intravascular coagulation and
multiple organ dysfunction are common. The mortality of disseminated
TB is high [97].

4.4. Management of HIV-co-infected patients

HIV infection increases the risk of TB infection/re-activation and
death [98]. Every patient with newly diagnosed TB should therefore un-
dergo testing for HIV. TB accelerates HIV replication and disease pro-
gression. It is the leading cause of death among HIV-positive persons
and causes 26% of AIDS-related deaths [99]. At decreased CD4 counts
(b200 per cubic millimeter) the presentation of TB may be atypical. At
CD4 counts b75/mm3, pulmonary symptoms are usually absent and
mycobacteremia with miliary TB common [97]. Antiretroviral therapy
increases treatment success, significantly reduces all-cause mortality
and recurrence rate in M.tb and HIV co-infected patients [100,101].
The WHO recommends initiation of antiretroviral therapy within the
first eight weeks after start of anti-TB treatment [24]. As patients with
a low CD4 count are at a particularly high risk of short-term death, anti-
retroviral therapy should be initiated within two weeks once anti-TB
therapy is commenced and tolerated. As one trial indicated that HIV
positive patients with TBM who were started on early antiretroviral
therapy had more severe adverse events, antiretroviral therapy is sug-
gested to be initiated only after eight weeks of starting anti-TB drugs
[66]. HIV-positive patients who are already on antiretroviral therapy
at TB diagnosis should be continued on antiretrovirals without
interruption.

Relevant drug interactions and an increase in the rate of adverse
drug-related events must be considered when administering anti-TB
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Fig. 6. Chest X-ray (upper left), computertomography (upper right) and echocardiography (lower left) image of a patientwith a large TB-induced pericardial effusion and tamponade. The
electrocardiogram of the patient (lower right) shows an electrical alternans.
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and antiretroviral medications together. As rifampicin reduces the
serum levels of protease and to a lesser degree non-nucleoside reverse
transcriptase inhibitors [102], antiretroviral regimens with non-
Fig. 7. Clinical appearance and abdominal X-ray in a pat
nucleoside reverse transcriptase inhibitors (e.g. efavirenz) are recom-
mended [24]. All patients withM.tb and HIV co-infection should receive
trimethoprim-sulfamethoxazole prophylaxis as this substantially
ient with abdominal TB and intestinal obstruction.
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Fig. 8. Axillary lymphadenitis in a patient with TB disease.
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reduces the risk of Pneumocystis jirovecii, toxoplasmosis, malarial and
bacterial infections, as well as mortality [24,103].

The immune reconstitution inflammatory syndrome (IRIS) is charac-
terized byworsening of clinical symptoms after initiation of antiretroviral
therapy. Mild forms with fever and lymph node enlargement develop in
Fig. 9. Chest X-ray in a patient with disseminated TB showing the characteristic miliary
pattern.
one third of HIV-positive patients with active TB and a CD4 count b50/
mm3 who were started on antiretroviral therapy early [104]. Severe
forms are rare but can manifest as increasing tuberculomas, worsening
of pulmonary gas exchange and ARDS [105]. It has been suggested that
the propensity to develop IRIS was linked to the quantity of mycobacteria
in circulation [106]. This could account for the higher rates of IRIS in pa-
tients with disseminated or extrapulmonary TB who have a considerable
load of mycobacteria [107]. Specific diagnostic criteria for IRIS have been
published [108]. Most importantly, (opportunistic) infections and drug-
resistant TB need to be excluded as important differential diagnoses. No
standard treatment for IRIS has been recommended.Management is usu-
ally symptomatic and includes steroids in severe cases. Prednisolone at
1.5 mg/kg/d for two weeks followed by 0.75 mg/kg/d for two weeks re-
duced the length of hospitalization, hastened recovery and improved out-
come in patients with TB-associated IRIS [109]. It is rarely necessary to
interrupt antiretroviral therapy on account of IRIS unless symptoms are
life-threatening [110].

4.5. Infection control and preventing spread of infection

M.tb bacilli are aerobic, non-spore forming and slow growing bacteria
which are resistant to severe adverse environmental conditions. Humans
are the only reservoir forM.tb, and it is predominantly spread by airborne
droplets expectorated by talking, sneezing or coughing of patients with
pulmonary TB [111].M.tb containing droplets remain airborne for several
hours. Infection control measures (Table 6) are crucial to prevent infec-
tion of other patients or staff. Rarely, TB is transmitted via ingestion, inoc-
ulation or vertical transmission. One of the most important measures to
prevent the spread of infection is early diagnosis and rapid implementa-
tion of airborne infection isolation. A high index of suspicion and aware-
ness are essential, particularly in non-endemic areas.

Infection control measures include isolation of patients with TB in a
single room [112] whose air should ideally be under negative pressure
relative to the other and with air changes greater than six times per
hour or more. Staff should adhere to strict hand hygiene standards
and wear N95 (FP2) masks when entering the room. N98 (FP3) masks
should be worn during handling of respiratory secretions, in- or
extubation. Closed suction systems and filters (in the expiratory limb)
should be used inmechanically ventilated patients. Diagnostic and ther-
apeutic interventions outside of the isolation area should be kept to a
minimum, particularly in patients with MDR-TB. If considered vital
these interventions should be scheduled at the end of the day as this re-
duces exposure to other patients and allows for adequate disinfection
and removal of airborne contamination [113]. Spontaneously ventilat-
ing patients should wear a surgical mask when leaving the isolation
room [111]. De-escalation of isolation can occurwhen three consecutive
sputum smearmicroscopy are negative. Pragmatically, de-isolationmay
be considered after a two week-course of anti-TB drugs, however dia-
betic patients, patients with drug resistance can be smear positive for
longer and may require a longer period of isolation [25]. High-level
room disinfection (including ultraviolet light) is recommended for ade-
quate environmental decontamination [114]. Suspected or confirmed
cases must be reported to regional or national health departments and
active contact tracing of household members performed [112].

5. Conclusions and perspective

TB remains a global problem of immense proportion with factors
such as HIV infection, migration, drug resistance and iatrogenic immu-
nosuppression driving the disease. An escalation in the numbers of crit-
ically ill patients with TB has been observed over the past several years.
Mortality remains unacceptably high, and suffering andmorbidity enor-
mous. Altered pharmacodynamics and pharmacokinetics in these pa-
tients using conventional therapeutic approaches may be a
contributing factor to adverse outcome, and further work is required
to define optimal treatment strategies. Rapid diagnostic tests have
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Table 6
Key infection control recommendations.

Setting Environmental control Respiratory-protection control

Intensive
care
units

• In settings with a high volume
of patients with suspected or
confirmed TB disease, at least
one room should meet require-
ments for an airborne infection
isolation room to be used for
such patients.

• Bacterial filters should be used
routinely in breathing circuits
of patients with suspected or
confirmed TB disease and
should filter particles 0.3 μm in
size in unloaded and loaded sit-
uations with a filter efficiency of
≥95%.

• For HCWs, visitors, and others
entering the airborn infection
isolation room of a patient with
suspected or confirmed infec-
tious TB disease, at least N95
disposable respirators should
be worn.

• If the patient has signs or
symptoms of infectious TB dis-
ease and is suspected of being
contagious (positive AFB spu-
tum smear result), consider
having the patient wear a sur-
gical or procedure mask, if pos-
sible (e.g., if patient is not using
a breathing circuit) during
transport, in waiting areas, or
when others are present.

• When endotracheal suctioning
is performed a closed suction
apparatus should be used and a
N98 respirator worn

Surgical
suites

• If a surgical suite has an OR with
an anteroom, that room should
be used for TB cases.

• If surgery is needed, use a room
or suite of rooms that meet
requirements for airborne
infection isolation rooms.

• If an airborne infection isolation
or comparable room is not
available for surgery or postop-
erative recovery, air-cleaning
technologies (e.g., HEPA filtra-
tion and UVGI) can be used to
increase the number of equiva-
lent air change per hour.

• If the health-care setting has an
anteroom, reversible flow
rooms (OR or isolation) are not
recommended.

• Bacterial filters should be used
routinely in breathing circuits
of patients with suspected or
confirmed TB disease and
should filter particles 0.3 μm in
size in an unloaded and loaded
situation with a filter efficiency
of ≥95%.

• For HCWs present during sur-
gery of a patient with suspected
or confirmed infectious TB
disease, at least N95 disposable
respirators, unvalved, should be
worn.

• Standard surgical or procedure
masks for HCWs might not have
fitting or filtering capacity for
adequate protection.

• If the patient has signs or
symptoms of infectious TB dis-
ease (positive AFB sputum
smear result), consider having
the patient wear a surgical or
procedure mask, if possible,
before and after the procedure.

• Valved or positive pressure res-
pirators should not be used
because they do not protect the
sterile surgical field.

TB, tuberculosis; OR, operating room; HEPA, high efficiency particulate air; UVGI, ultravi-
olet germicidal irradiation; HCW, health care worker; AFB, acid fast bacilli.
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represented a major advance and assisted in expediting management.
Several newagents are in development and various clinical trials are un-
derway in an attempt to improve the precarious situation that currently
exists. Infection prevention measures are crucial and form an integral
component of the management process. Preventive measures moving
forward include developing a novel TB vaccine, but this represents a
daunting task. In the meanwhile, ready recognition and high index of
suspicion should be maintained by all, to diagnose and most optimally
manage critically ill patients with this perennial problem, irrespective
of geographic location of practice.

Author declarations and funding

All authors declare no conflicts of interest. This research did not re-
ceive any specific grant from funding agencies in the public, commer-
cial, or not-for-profit sectors.

References

[1] World Health Organization. Tuberculosis factsheet. http://www.who.int/
mediacentre/factsheets/fs104/en/; March 2017. [accessed Oct 22, 2017].

[2] Lin CH, Lin CJ, Kuo YW,Wang JY, Hsu CL, Chen JM, et al. Tuberculosis mortality: pa-
tient characteristics and causes. BMC Infect Dis 2014;14:5.

[3] Zumla A, Raviglione M, Hafner R, von Reyn F. Tuberculosis. N Engl J Med 2013;368:
745–55.

[4] Tavares C, Bacelar T, Lins A, Junqueira-Kipnis AP, de Araujo-Filho JA. Tuberculosis
deaths in a tertiary hospital in Goiania, Brazil: a descriptive study. Infez Med
2013;4:279–86.

[5] Erbes R, Oettel K, Raffenberg M, Mauch H, Schmidt-Ioanas M, Lode H. Characteris-
tics and outcome of patients with active pulmonary tuberculosis requiring inten-
sive care. Eur Respir J 2006;27:1223–8.

[6] Andrews B, Muchemwa L, Kelly P, Lakhi S, Heimburger DC, Bernard GR. Simplified
severe sepsis protocol: a randomized controlled trial of modified early goal-
directed therapy in Zambia. Crit Care Med 2014;42:2315–24.

[7] Andrews B, Semler MW,Muchemwa L, Kelly P, Lakhi S, Heimburger DC, et al. Effect
of an early resuscitation protocol on in-hospital mortality among adults with sepsis
and hypotension: a randomized clinical trial. JAMA 2017;318:1233–40.

[8] Jacob ST, Pavlinac PB, Nakiyingi L, Banura P, Baeten JM, Morgan K, et al. Mycobac-
terium tuberculosis bacteremia in a cohort of HIV-infected patients hospitalized
with severe sepsis in Uganda – high frequency, low clinical sand derivation of a
clinical prediction score. PLoS One 2013;8:e70305.

[9] Rollas K, Kara A, Ortac Ersoy NE, Özmen Süner K, Güllü MN, Öcal S, et al. Acute tu-
berculosis in the intensive care unit. Turk J Med Sci 2015;45:882–7.

[10] Lanoix JP, Gaudry S, Flicoteaux R, Ruimy R, Wolff M. Tuberculosis in the intensive
care unit: a descriptive analysis in a low-burden country. Int J Tuberc Lung Dis
2014;18:581–7.

[11] Silva DR, Menegotto DM, Schulz LF, Gazzana MB, Dalcin PT. Mortality among pa-
tients with tuberculosis requiring intensive care: a retrospective cohort study.
BMC Infect Dis 2010;10:54.

[12] Heyns L, Gie RP, Kling S, Samaai P, Schaaf HS, Beyers N. Management of children
with tuberculosis admitted to a pediatric intensive care unit. Pediatr Infect Dis J
1998;17:403–7.

[13] Gupta A, Mrigpuri P, Fave A, Bandyopadhyay D, Singla R. Pulmonary tuberculosis –
an emerging risk factor for venous thromboembolism: a case series and review of
literature. Lung India 2017;34:65–9.

[14] Dentan C, Epaulard O, Seynaeve D, Genty C, Bosson JL. Active tuberculosis and ve-
nous thromboembolism: association according to international classification of dis-
eases, ninth revision hospital discharge diagnosis codes. Clin Infect Dis 2014;58:
495–501.

[15] Marjani M, Tabarsi P, Bahaei P, Shamaei M, Biani PG, Mansouri D, et al. Incidence of
thromboembolism in hospitalized patients with tuberculosis and associated risk
factors. Arch Clin Infect Dis 2012;7:56–9.

[16] Robson SC,White NW, Aronson I,Woolgar R, GoodmanH, Jacobs P. Acute phase re-
sponse and the hypercoagulable state in pulmonary tuberculosis. Br J Haematol
1996;93:934–7.

[17] White NW. Venous thromboembolism and rifampicin. Lancet 1989;2:434–5.
[18] Hagan G, Nathani N. Clinical review: tuberculosis on the intensive care unit. Crit

Care 2013;17:240.
[19] Duro RP, Dias PF, Ferreira AA, Xerinda SM, Alves CL, Sarmento AC, et al. Severe tu-

berculosis requiring intensive care: a descriptive analysis. Crit Care Res Prac 2017;
2017:9535463.

[20] Filiz KA, Levent D, Emel E, Pelin U, Turkay A, Aybuke K. Characteristics of active tu-
berculosis patients requiring intensive care monitoring and factors affecting mor-
tality. Tuber Respir Dis (Seoul) 2016;79:158–64.

[21] Valade S, Raskine L, Aout M, Malissin I, Brun P, Deye N, et al. Tuberculosis in the in-
tensive care unit: a retrospective descriptive cohort study with determination of a
predictive fatality score. Can J Infect Dis Med Microbiol 2012;24:173–8.

[22] Lin SM,Wang TY, LiuWT, Chang CC, Lin HC, Liu CY, et al. Predictive factors for mor-
tality among non-HIV-infected patients with pulmonary tuberculosis and respira-
tory failure. Int J Tuberc Lung Dis 2009;13:335–40.

[23] Tseng YT, Chuang YC, Shu CC, Hung CC, Hsu CF, Wang JY. Empirical use of
fluoroquinolones improves the survival of critically ill patients with tuberculosis
mimicking severe pneumonia. Crit Care 2012;16:R207.

[24] World Health Organization. Guidelines for treatment of tuberculosisFourth edition.
; 2010 [WHO/HTM/TB/2009.420].

[25] National Institute for Health and Care Excellence. Tuberculosis. NICE guideline.
https://www.nice.org.uk/guidance/ng33; 2016. [accessed Oct 22, 2017].

[26] Horsburgh Jr CR, Barry III CE, Lange D. Treatment of tuberculosis. N Engl J Med
2015;373:2149–60.

[27] Kethireddy S, Light RB, Mirzanejad Y, Maki D, Arabi Y, Lapinsky S, et al. Mycobacte-
rium tuberculosis septic shock. Chest 2013;144:474–82.

http://www.who.int/mediacentre/factsheets/fs104/en
http://www.who.int/mediacentre/factsheets/fs104/en
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0010
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0010
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0015
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0015
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0020
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0020
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0020
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0025
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0025
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0025
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0030
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0030
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0030
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0035
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0035
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0035
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0040
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0040
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0040
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0040
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0045
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0045
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0050
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0050
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0050
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0055
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0055
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0055
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0060
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0060
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0060
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0065
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0065
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0065
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0070
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0070
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0070
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0070
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0075
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0075
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0075
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0080
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0080
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0080
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0085
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0090
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0090
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0095
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0095
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0095
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0100
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0100
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0100
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0105
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0105
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0105
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0110
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0110
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0110
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0115
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0115
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0115
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0120
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0120
https://www.nice.org.uk/guidance/ng33
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0130
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0130
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0135
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0135
JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1




195A. Otu et al. / Journal of Critical Care 45 (2018) 184–196
[28] Wilson ML. Rapid diagnosis of mycobacterium tuberculosis infection and drug sus-
ceptibility testing. Arch Pathol Lab Med 2013;137:812–9.

[29] LongMW, Snider Jr DE, Frare LS. U.S. Public Health Service Cooperative trial of three
rifampicin-isoniazid regimens in treatment of pulmonary tuberculosis. Am Rev
Respir Dis 1979;119:879–94.

[30] Pasipanodya JG, Srivastava S, Gumbo T. Meta-analysis of clinical studies supports
the pharmacokinetic variability hypothesis for acquired drug resistance and failure
of antituberculosis therapy. Clin Infect Dis 2012;55:169–77.

[31] Boucher BA,Wood GC, Swanson JM. Pharmacokinetic changes in critical illness. Crit
Care Clin 2006;22:255–71.

[32] Koegelenberg CF, Nortje A, Lalla U, Enslin A, Irusen EM, Rosenkranz B, et al. The
pharmacokinetics of enteral anti-TB drugs in patients requiring intensive care. S
Afr Med J 2013;103:394–8.

[33] Sin JH, Elshaboury RH, Hurtado RM, Letourneau AR, Gandhi RG. Therapeutic drug
monitoring of antitubercular agents for disseminated mycobacterium tuberculosis
during intermittent haemodialysis and continuous venovenous haemofiltration. J
Clin Pharm Ther 2017;2017:1–5.

[34] Kim HS, Lee ES, Cho YJ. Insufficient serum levels of anti-TB agents during
venovenous extracorporeal membrane oxygenation therapy for acute respiratory
distress syndrome in a patient with military tuberculosis. ASAIO J 2014;60:484–6.

[35] Weiner M, BurmanW, Vernon A, Benator D, Peloquin CA, Khan A, et al. Low isoni-
azid concentrations and outcome of tuberculosis treatment with once-weekly iso-
niazid and rifapentine. Am J Respir Crit Care Med 2003;167:1341–7.

[36] Ellard GA. The potential clinical significance of the isoniazid acetylator phenotype
in the treatment of pulmonary tuberculosis. Tubercle 1984;65:211–27.

[37] Ruslami R, Ganiem AR, Dian S, Apriani L, Achmad TH, van der Ven AJ, et al. Intensi-
fied regimen containing rifampicin and moxifloxacin for tuberculous meningitis:
an open-label, randomised controlled phase 2 trial. Lancet Infect Dis 2013;13:
27–35.

[38] Te Brake L, Dian S, Ganiem AR, Ruesen C, Burger D, Donders R, et al. Pharmacoki-
netic/pharmacodynamics analysis of an intensified regimen containing rifampicin
and moxifloxacin for tuberculous meningitis. Int J Antimicrob Agents 2015;45:
496–503.

[39] Heemskerk AD, Bang ND, Mai NT, Chau TT, Phu NH, Loc PP, et al. Intensified anti-TB
therapy in adults with tuberculous meningitis. N Engl J Med 2016;374:124–34.

[40] Choi R, Jeong BH, Koh WJ, Lee SY. Recommendations for optimizing tuberculosis
treatment: therapeutic drug monitoring, pharmacogenetics, and nutritional status
considerations. Ann Lab Med 2017;37:97–107.

[41] Peloquin C. Therapeutic drug monitoring in the treatment of tuberculosis. Drugs
2002;62:2169–83.

[42] Manika K, Chatzika K, Papaioannou M, Kontou P, Boutou A, Zarogoulidis K, et al.
Rifampicin-moxifloxacin interaction in tuberculosis treatment: a real-life study.
Int J Tuberc Lung Dis 2015;19:1383–7.

[43] Saukkonen JJ, Powell K, Jereb JA. Monitoring for tuberculosis drug hepatotoxicity:
moving from opinion to evidence. Am J Respir Crit Care Med 2012;185:598–9.

[44] Ramappa V, Aithal GP. Hepatotoxicity related to anti-tuberculosis drugs: mecha-
nisms and management. J Clin Exp Hepatol 2013;3:37–49.

[45] Critchley JA, Young F, Orton L, Garner P. Corticosteroids for prevention of mortality
in people with tuberculosis: a systematic review and meta-analysis. Lancet Infect
Dis 2013;13:233–7.

[46] Yang JY, Han M, Koh Y, KimWS, Song JW, Oh YM, et al. Effects of corticosteroids on
critically ill pulmonary tuberculosis patients with acute respiratory failure: a pro-
pensity analysis of mortality. Clin Infect Dis 2016;63:1449–55.

[47] Marik PE. Critical illness-related corticosteroid insufficiency. Chest 2009;135:
181–93.

[48] Edwards OM, Courtenay-Evans RJ, Galley JM, Hunter J, Tait AD. Changes in cortisol
metabolism following rifampicin therapy. Lancet 1974;2:548–51.

[49] Sharma SK, Tandan SM, Saha PK, Gupta N, Kochupiallai N, Misra NK. Reversal of
subclinical adrenal insufficiency through antituberculosis treatment in TB patients:
a longitudinal follow up. Indian J Med Res 2005;122:127–31.

[50] Tabarsi P, Baghaei P, Amiri MV, Barari M, Heydarnejad H, Mansoor SD, et al. Evalu-
ation of pseudoadrenal insufficiency in tuberculosis patients. Tanaffos 2007;6:
67–70.

[51] Levy H, Kallenbach JM, Feldman C, Thorbum JR, Abramowitz JA. Acute respiratory
failure in active tuberculosis. Crit Care Med 1987;15:221–5.

[52] Agarwal R, Gupta D, Aggarwal AN, Behera D, Jindal SK. Experience with ARDS
caused by tuberculosis in a respiratory intensive care unit. Intensive Care Med
2005;31:1284–7.

[53] Murray HW, Tuazon CU, Kirmani N, Sheagren JN. The adult respiratory distress syn-
drome associated with military tuberculosis. Chest 1978;73:37–43.

[54] Abi-Fadel F, Gupta K. Acute respiratory distress syndrome with military tuberculo-
sis: a fatal combination. J Thorac Dis 2013;5:E1-.

[55] ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson
ND, Caldwell E, et al. Acute respiratory distress syndrome: the Berlin Definition.
JAMA 2012;307:2626–33.

[56] Penner C, Roberts D, Kunimoto D, Manfreda J, Long R. Tuberculosis as a primary
cause of respiratory failure requiring mechanical ventilation. Am J Respir Crit
Care Med 1995;151:867–72.

[57] Banga A, Sharma SK, Mohan A. Acute respiratory distress syndrome in pulmonary
tuberculosis. Chest 2003;124:114S.

[58] Aso H, Kondoh Y, Taniguchi H, Kimura T, Nishiyama O, Kato K, et al. Noninvasive
ventilation in patients with acute exacerbation of pulmonary tuberculosis sequelae.
Intern Med 2010;49:2077–83.

[59] Frame RN, Johnson MC, Eichenhorn MS, Bower GC, Popovich Jr J. Active tuberculo-
sis in the medical intensive care unit: a 15-year retrospective analysis. Crit Care
Med 1987;15:1012–4.
[60] Haidri FR, Rizvi N, Motiani B. Role of apache score in predicting mortality in chest
ICU. J Pak Med Assoc 2011;61:589–92.

[61] Halezeroglu S, Okur E. Thoracic surgery for haemoptysis in the context of tubercu-
losis: what is the best management approach? Thorac Dis 2014;6:182–5.

[62] Lordan JL, Gascoigne A, Corris PA. The pulmonary physician in critical care: illustra-
tive case 7: assessment andmanagement ofmassive haemoptysis. Thorax 2003;58:
814–9.

[63] Jougon J, Ballester M, Delcambre F, et al. Massive hemoptysis: what place for med-
ical and surgical management. Eur J Cardiothorac Surg 2002;22:345–51.

[64] Fernando HC, Stein M, Benfield JR, Link DP. Role of bronchial artery embolization in
the management of hemoptysis. Arch Surg 1998;133:862–6.

[65] Thwaites GE, Nguyen DB, Nguyen HD, Hoang TQ, Do TT, Nguyen TC, et al. Dexa-
methasone for the treatment of tuberculous meningitis in adolescents and adults.
N Engl J Med 2004;315:1741–51.

[66] Torok ME, Yen NT, Chau TT, Mai NT, Phu NH, Mai PP, et al. Timing of initiation of
antiretroviral therapy in human immunodeficiency virus (HIV)-associated tuber-
culous meningitis. Clin Infect Dis 2011;52:1374–83.

[67] Hosoglu S, Geyik MF, Balik I, et al. Predictors of outcome in patients with tubercu-
lous meningitis. Int J Tuberc Lung Dis 2002;6:64–71.

[68] Brancusi F, Farrar J, Heemskerk D. Tuberculous meningitis in adults: a review of a
decade of developments focusing on prognostic factors for outcome. Future
Microbiol 2012;7:1101–16.

[69] Jacob JT, Mehta AK, Leonard MK. Acute forms of tuberculosis in adults. Am J Med
2009;122:12–7.

[70] Thwaites GE, Tran TH. Tuberculous meningitis: many questions, too few answers.
Lancet Neurol 2005;4:160–7.

[71] Monteiro R, Carneiro JC, Costa C, Duarte R. Cerebral tuberculomas –a clinical chal-
lenge. Respir Med Case Rep 2013;9:34–7.

[72] Marais S, Pepper DJ, Schuty C, Wilkinson RJ, Meintjes G. Presentation and outcome
of tuberculous meningitis in a high HIV prevalence setting. PLoS One 2011;6:
e20077.

[73] Katti MK. Pathogenesis, diagnosis, treatment, and outcome aspects of cerebral tu-
berculosis. Med Sci Monit 2004;10:RA215-9.

[74] Wasay M, Kheleani BA, Moolani MK, Zaheer J, Pui M, Hasan S, et al. Brain CT and
MRI findings in 100 consecutive patients with intracranial tuberculoma. J Neuroim-
aging 2003;13:240–7.

[75] Anuradha HK, Rk Garg, Sinha MK, Agarwal A, Verma R, Singh MK, et al. Intracranial
tuberculomas in patients with tuberculous meningitis: predictors and prognostic
significance. Int J Tuberc Lung Dis 2011;15:234–9.

[76] Verdon R, Chevret S, Laissy JP, Wolff M. Tuberculousmeningitis in adults: review of
48 cases. Clin Infect Dis 1996;22:982–8.

[77] Ruslami R, Ganiem AR, Dian S, Apriani L, Achmad TH, van der Ven AJ, et al. Intensi-
fied regimen containing rifampicin and moxifloxacin for tuberculous meningitis:
an open-label, randomised controlled phase 2 trial. Lancet Infect Dis 2013;13:
27–35.

[78] Prasad K, Singh MB, Ryan H. Corticosteroids for managing tuberculous meningitis.
Cochrane Database Syst Rev 2016;4:CD002244.

[79] Murthy J. Tuberculous meningitis: the challenges. Neurol India 2010;58:716–22.
[80] Misra UK, Kalita J, Nair PP. Role of aspirin in tuberculous meningitis: a randomized

open label placebo controlled trial. J Neurol Sci 2010;293:12–7.
[81] Schoeman JF, Janse van Rensburg A, Laubscher JA, Springer P. The role of aspirin in

childhood tuberculous meningitis. J Child Neurol 2011;26:956–62.
[82] Viel-Thériault I, Thibeault R, Boucher FD, Drolet JP. Thalidomide in refractory

tuberculomas and pseudoabscesses. Pediatr Infect Dis J 2016;35:1262–4.
[83] Shah M, Reed C. Complications of tuberculosis. Curr Opin Infect Dis 2014;27:

403–10.
[84] Strang JI, Nunn AJ, Johnson DA, Casbard A, Gibson DG, Girling DJ. Management of

tuberculous constrictive pericarditis and tuberculous pericardial effusion in Trans-
kei: results at 10 years follow-up. QJM 2004;97:525–35.

[85] Reuter H, Burgess L, van VuurenW, Doubell A. Diagnosing tuberculous pericarditis.
QJM 2006;99:827–39.

[86] Lee JH, Lee CW, Lee SG, Yang HS, Hong MK, Kim JJ, et al. Comparison of polymerase
chain reaction with adenosine deaminase activity in pericardial fluid for the diag-
nosis of tuberculous pericarditis. Am J Med 2002;113:519–21.

[87] Strang JI, Kakaza HH, Gibson DG, Allen BW,Mitchison DA, Evans DJ, et al. Controlled
clinical trial of complete open surgical drainage and of prednisolone in treatment of
tuberculous pericardial effusion in Transkei. Lancet 1988;2:759–64.

[88] Weledji EP, Pokam BT. Abdominal tuberculosis: is there a role for surgery? World J
Gastrointest Surg 2017;9:174–81.

[89] Mukhopadhyay A, Dey R, Bhattacharya U. Abdominal tuberculosis with an acute
abdomen: our clinical experience. J Clin Diagn Res 2014;8:NC07–9.

[90] Bhansali SK. Abdominal tuberculosis. Experiences with 300 cases. Am J
Gastroenterol 1977;67:324–37.

[91] Tarcoveanu E, Dimofte G, Bradea C, Lupascu C,Moldovanu R, Vasilescu A. Peritoneal
tuberculosis in laparoscopic era. Acta Chir Belg 2009;109:65–70.

[92] Wells AD, Northover JM, Howard ER. Abdominal tuberculosis: still a problem today.
R Soc Med 1986;79:149–53.

[93] Bhasin DK, Sharma BC, Dhavan S, Sethi A, Sinha SK, Singh K. Endoscopic balloon di-
lation of ileal stricture due to tuberculosis. Endoscopy 1998;30:S44.

[94] Wang CC, Lin CC, Wang CP, Liu SA, Jiang SR. Laryngeal tuberculosis: a review of 26
cases. Otolaryngol Head Neck Surg 2007;137:582–8.

[95] Leonard MK, Blumberg HM. Musculoskeletal tuberculosis. Microbiol Spectr 2017;
2017:5.

[96] Sharma SK, Mohan A, Sharma A. Challenges in the diagnosis & treatment of military
tuberculosis. Indian J Med Res 2012;135:703–30.

http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0140
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0140
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0145
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0145
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0145
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0150
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0150
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0150
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0155
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0155
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0160
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0160
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0160
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0165
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0165
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0165
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0165
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0170
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0170
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0170
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0175
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0175
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0175
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0180
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0180
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0185
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0185
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0185
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0185
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0190
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0190
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0190
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0190
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0195
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0195
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0200
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0200
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0200
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0205
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0205
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0210
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0210
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0210
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0215
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0215
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0220
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0220
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0225
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0225
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0225
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0230
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0230
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0230
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0235
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0235
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0240
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0240
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0245
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0245
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0245
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0250
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0250
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0250
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0255
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0255
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0260
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0260
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0260
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0265
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0265
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0270
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0270
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0275
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0275
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0275
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0280
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0280
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0280
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0285
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0285
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0290
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0290
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0290
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0295
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0295
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0295
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0300
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0300
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0305
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0305
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0310
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0310
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0310
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0315
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0315
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0320
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0320
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0325
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0325
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0325
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0330
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0330
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0330
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0335
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0335
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0340
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0340
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0340
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0345
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0345
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0350
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0350
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0355
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0355
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0360
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0360
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0360
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0365
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0365
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0370
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0370
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0370
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0375
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0375
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0375
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0380
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0380
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0385
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0385
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0385
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0385
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0390
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0390
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0395
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0400
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0400
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0405
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0405
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0410
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0410
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0415
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0415
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0420
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0420
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0420
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0425
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0425
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0430
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0430
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0430
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0435
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0435
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0435
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0440
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0440
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0445
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0445
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0450
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0450
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0455
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0455
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0460
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0460
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0465
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0465
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0470
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0470
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0475
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0475
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0480
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0480


196 A. Otu et al. / Journal of Critical Care 45 (2018) 184–196
[97] Sharma SK, Mohan A, Sharma A. Miliary tuberculosis: a new look at an old foe. J
Clin Tuberc Other Mycobact Dis 2016;3:13–27.

[98] Pawlowski A, Jansson M, Skold M, Rottenberg ME, Kallenius G. Tuberculosis and
HIV co-infection. PLoS Pathog 2012;8:e1002464.

[99] Getahun H, Gunneberg C, Granich R, Nunn P. HIV infection-associated tuberculosis:
the epidemiology and the response. Clin Infect Dis 2010;50(Suppl. 3):S201–7.

[100] Abdool Karim SS, Naidoo K, Grobler A, Padayatchi N, Baxter C, Gray A, et al. Timing
of initiation of antiretroviral drugs during tuberculosis therapy. N Engl J Med 2010;
362:697–706.

[101] Blanc FX, Sok T, Laureillard D, et al. Earlier versus later start of antiretroviral ther-
apy in HIV-infected adults with tuberculosis. N Engl J Med 2011;365:1471–81.

[102] Maartens G, Decloedt E, Cohen K. Effectiveness and safety of antiretrovirals with ri-
fampicin: crucial issues for high-burden countries. Antivir Ther 2009;14:1039–43.

[103] Harries AD, Zachariah R, Lawn SD. Providing HIV care for co-infected tuberculosis pa-
tients: a perspective from sub-Saharan Africa. Int J Tuberc Lung Dis 2009;13:6–16.

[104] Sandro VentoML. Tuberculosis – immune reconstitution inflammatory syndrome. J
Clin Tuberc Other Mycobact Dis 2016;3:6–9.

[105] Goldsack NR, Allen S, Lipman MC. Adult respiratory distress syndrome as a severe
immune reconstitution disease following the commencement of highly active anti-
retroviral therapy. Sex Transm Infect 2003;79:337–8.

[106] Cheng SL, Wang HC, Yang PC. Paradoxical response during anti-tuberculosis treat-
ment in HIV-negative patients with pulmonary tuberculosis. Int J Tuberc Lung Dis
2007;11:1290–5.
[107] Breton G, Duval X, Estellat C, et al. Determinants of immune reconstitution inflam-
matory syndrome in HIV type 1- infected patients with tuberculosis after initiation
of antiretroviral therapy. Clin Infect Dis 2004;39:1709–12.

[108] French MA, Lenzo N, John M, Mallal SA, McKinnon EJ, James IR, et al. Immune res-
toration disease after the treatment of immunodeficient HIV-infected patients with
highly active antiretroviral therapy. HIV Med 2000;1:107–15.

[109] Meintjes G, Wilkinson RJ, Morroni C, Pepper DJ, Rebe K, Rangaka MX, et al. Ran-
domized placebo-controlled trial of prednisone for paradoxical tuberculosis-
associated immune reconstitution inflammatory syndrome. AIDS 2010;24:
2381–90.

[110] Bosamiya S. The immune reconstitution inflammatory syndrome. Indian J
Dermatol 2011;56:476–9.

[111] Siegel JD, Rhinehart E, Jackson M, Chiarello L, Health Care Infection Control
Practices Advisory Committee. 2007 guideline for isolation precautions:
preventing transmission of infectious agents in health care settings. Am J Infect
Control 2007;35(Suppl. 2):S65–164.

[112] Scano F. WHO policy on TB infection control in health-care facilities, congregate
settings and households; 2009 [WHO/HTM/TB/2009.419].

[113] Jensen PA, Lambert LA, Iademarco MF, Ridzon R. Guidelines for preventing the
transmission of mycobacterium tuberculosis in health-care settings. MMWR
Recomm Rep 2005;2005(54):1–141.

[114] Sehulster L, Chinn RYW. Guidelines for environmental infection control in health-
care facilities. Recommendations of CDC and the Healthcare Infection Control Prac-
tices Advisory Committee (HICPAC). MMWR Recomm Rep 2003;52:1–42.

http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0485
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0485
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0490
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0490
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0495
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0495
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0500
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0500
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0500
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0505
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0505
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0510
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0510
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0515
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0515
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0520
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0520
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0525
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0525
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0525
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0530
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0530
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0530
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0535
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0535
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0535
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0540
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0540
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0540
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0545
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0545
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0545
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0545
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0550
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0550
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0555
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0555
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0555
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0555
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0560
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0560
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0565
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0565
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0565
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0570
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0570
http://refhub.elsevier.com/S0883-9441(18)30140-0/rf0570

	The critically ill patient with tuberculosis in intensive care: Clinical presentations, management and infection control
	1. Introduction
	2. Search strategy
	3. Clinical presentation in intensive care
	4. Management of patients in intensive care
	4.1. Anti-TB drugs and treatment regimens
	4.2. The use of steroids
	4.3. Organ-specific TB – management and support
	4.3.1. Pulmonary TB
	4.3.2. Central nervous system TB
	4.3.3. Tuberculous pericarditis
	4.3.4. Abdominal TB
	4.3.5. Further extrapulmonary TB manifestations
	4.3.6. Disseminated TB

	4.4. Management of HIV-co-infected patients
	4.5. Infection control and preventing spread of infection

	5. Conclusions and perspective
	Author declarations and funding
	References




