Journal of Critical Care 45 (2018) 184-196

Contents lists available at ScienceDirect

Journal of Critical Care

journal homepage: www.jccjournal.org

The critically ill patient with tuberculosis in intensive care: Clinical L))
presentations, management and infection control*

updates

Akaninyene Otu, MPH, FWACP *", Madiha Hashmi, FFARCSI ¢, Ahmed M. Mukhtar, MD ¢, Arthur Kwizera, MD ¢,
Simon Tiberi, MD, Bruce Macrae, FRCPath £, Alimudin Zumla, PhD.FRCP",
Martin W. Diinser, MD "* Mervyn Mer, FRCP, PhD ¥

2 Department of Internal Medicine, University of Calabar, Calabar, Nigeria

b National Aspergillosis Centre, University Hospital of South Manchester, Manchester, United Kingdom

€ Department of Anaesthesiology, Aga Khan University, Karachi, Pakistan

d Department of Anesthesia and Intensive Care, Cairo University, Cairo, Egypt

€ Department of Anaesthesia and Critical Care, Makerere University College of Health Sciences, Kampala, Uganda

f Division of Infection, Royal London Hospital, Barts Health NHS Trust, London, United Kingdom

& Department of Microbiology, University College London Hospitals NHS Foundation Trust, London, United Kingdom

" Division of Infection and Immunity, University College London Medical School, and NIHR Biomedical Research Center at University College of London Hospitals, London, United Kingdom
! Department of Critical Care, University College of London Hospital, London, United Kingdom

J Department of Anaesthesia and Intensive Care Medicine, Kepler University Hospital, Johannes Kepler University Linz, Linz, Austria

kX Department of Medicine, Divisions of Critical Care and Pulmonology, Charlotte Maxeke Johannesburg Academic Hospital and Faculty of Health Sciences University of Witwatersrand, Johannes-
burg, South Africa

ARTICLE INFO ABSTRACT

Available online xxxx 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.

Keywords: TB represents an important, but neglected management issue in patients presenting to intensive care units. Tu-

Tuberculosis berculosis in intensive care settings may present as the primary diagnosis (active drug sensitive or resistant TB

Latent tuberculosis

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 the most frequent clinical management 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. The mortality of patients requiring intensive care is high! The majority 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.
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1. Introduction [Sub=Saharan’Africa, where €o/morbidity with HIV and other communi-

Tuberculosis (TB) is the leading cause of mortality associated with a
single identifiable infectious pathogen globally. The World 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 B% 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 >50% vs. <5% in non-endemic
areas), directly TBFrelated [d€aths 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 have asymptomatic latent Mycobacterium tu-
[pércuilosis (M.tb) infection of whom about 10% will develop|clinical dis
[6as€ during their lifetime under conditions such as[Stréss, migration,
|poor nutrition, [co morbidities (diabetes, cancer, COPD), use of Steroids,
iologies and fmmunOEhErapies which lead to [MUNGEOMBFOMISE (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 of M.tb ay be'an incidental’camorbid finding as previously undi-
agnosed sub=clinical disease which only manifests during intensive
care. In patients with latént infection, M.th may fé=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, and HIV-co-infection) and infection control practices associ-
ated with critically ill patients with TB.

2. Search strategy

We searched the Medline (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 from Brazil, Germany, and Taiwan, indicate that the majority
of early TB deaths results from acute cardiorespiratory failure [2,4,5]. In

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 [féasons for [intensive €are 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), @nti=TB'drug toxicity, thromboembolic complica-
tions (Table 1), post-surgical status, and [pulmonary iaemorrhage [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]. The mottality of patients with con-
firmed TB requiring ifiténsive €are is high [Upt0.68:7%] [11,20]. Several
models to predict mortality have been published. The score with the
highest predictive value [aféa under the [fécéiver operator curve, 0:92
(95%Cl, 0.85-0.98)] identified Miliafy TB, need for [fechanical Ventila-

tion and presence of SHG€EK 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 >20
and duration of symptoms >4 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 jitensive (fwo months of
o AGZS) followed by a Eafifuaian phase (four Mot of joniazid

and [rifampicin)). Treatment extension fo'nine months (and in some
cases [longer) should be considered in patients with TB of [jeifif or

Table 1

Factbox - Venous thromboembolisml (VTE) in patients with TB disease.

Background

* VTE is one of the most common medical complications of TB [13].
« Incidences of [[-553:4% have been reported in patients with TB disease [13,14].
* VTE can occur @arly or laté in the course of the disease [13].

- [Eaily VIEGften occurs afterinitiation of ati- T8 drugs (median interval 41days)
[15].
Pathogenesis [13,16]

« TB-induced iypercoagulability (further exacerbated by HIV co-infection)

« Venous vessel wall inflammation (due to adjacent infectious process)
« Venous compression by lymph nodes

- |Eidothelial @YSFRETaN due to TB-induced host FESPONSE and Fimmpic 17]
- immobilization

Diagnosis and treatment

« Comparable to patients without TB
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bong, or those with a highrisk'of felapse (e.g. EXtensive disease, Gavita-

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

[RiSK factors for acquiring infection with

Risk factors for developing &ctive TB

Fions, FUROSUPBTession, SPUEN CUIENFe POSIEVe 58 weeks), and
[12'months or longer in patients with fuberculous meningitis (TBM)

[3,26]. Early|iitiation of anti-TB treatment is essential and appears to

Mycobacterium tuberculosis disease after infection with
Mycobacterium tuberculosis
- [Close contact with an active pulmo-  « [HIV infection
nary TB disease case * Recent treatment for M.tuberculosis
« Foreign born adult or child, who (within the [past two years)

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 workin 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

» Medical conditions known to
increase the risk for TB:

- silicosis

chronic respiratory disease

- smoking

- [diabetes mellitus

- severe [chroni€ rénal insufficiency/-

- certain types of [Cancer (e.g. head
and neck)

- solid organ [transplantation

- [[MUAGSUPPIESSiVe therapy
(including [prolonged use of
[corticosteroids, chemotherapies and

monoclonal antibodies)
- malnourished, underweight (body
mass index <18)

 Pregnancy and post-partum period
« Illicit drug use

- Age < 5 or >[65lyears

» Malnutrition

- Vitamin D deficiency

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 €mpirically based on individual patient factors
(Table 2) and the clinical presentation,€Venl in the @bSence of a positive
sputum smear. Rapid T tests (g, based on nucleic acid amplification
[techniques) can critically Shorten the [fiié to confirmation of the diag-
nosis (Table 3) [28].

Infection with MDR (resistant to @t léast isoniazid and rifampicin)
and extensively resistant (resistant o at least isoniazid, rifampicin,
fluoroquinolones an [second lin€ injectable) strains of M.tb carries
an lexceptionally Righ mortality and is a growing challenge in many
parts of the world [1,3]. Rapid molecular [diagnostic tests (e.s.
(GeieX perENITB/RIFE85ay) icld FasEFeSulEs on M.t FeSISEIce to -
[Bicin, which by[proxy indicates resistance to[iSoniazid in the majority of
cases [28]. Standard phenotypic|ctlttré-based drug SUSCEptibility tests
yield results within'two ' weeks and should be [pérformed routinely
wherever available [3]. Clinically, the intensivist must/considex infection
with a[Fesistant M.tb strain fif the patient originates from a high-Fisk|te-
[gion| has Undergone a freatment course of firSt-lif€ anti-TB drugs or
[fails to [fespond to standard anti-TB regimens [3,26]. As a rule-of-
thumb, further drigs should ot be added to  failing fegimen but a
[néw 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

TB, tuberculosis; HIV, human immunodeficiency virus.

Table 3

|Diagnostic work-up of TB.

General clinical Symptoms

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

Pulmonary or
laryngeal TB

Specific clinical symptoms
Imaging and investigations: chest X-ray, thoracic ultrasound,

CT chest, laryngoscopy, bronchoscopy (lavage and or biopsy)

[Sputum or induced sputum required for /AFB smear
icroscapy (2N or SUESIINE) and GUIHFE cxamination

Coughing, haemoptysis, chest pain when breathing or coughing, hoarseness (laryngeal TB)
Chest X-ray should be considered in all possible pulmonary and extrapulmonary TB cases.
Pulmonary TBclassically affects the Wpper lobes and nodules and cavities are suggestive of

the disease. However in immunocompromised individuals with a
(S100/mii) more disseminated pattern or [oWeEor fid zone

may occur. Typical appearance may not be present with more advanced disease; clear chest
X-rays have been described in patients with very advanced disease.
[Chiest [CT scan may demonstrate fréeinbud” changes, hilar lymphadenopathy and/or
cavities and pleural effusions.
AFB smear [mi€roscopy allows for a preliminary confirmation of pulmonary TB and allows for
an estimate of bacillary excretion and degree of infectiousness as well as an important marker
of TB treatment response or failure. Ideally a smear

is[fequired 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.
Note: If a diagnosis of pulmonary TB cannot be established from sputum smear, other
procedures maybe necessary, including culture, NAAT (GeneXpert-Cepheid),
bronchoscopy, and gastric aspiration in children for deeper samples.
INAAT is a test performed on [Sputum or [ower [fespiratory samples to detect [Mycobacteritim
tuberculosis complex a

nd [rifampicin resistance through amplification of the rpoB gene.
Ideally NAAT test result should be made available within 72'h.

is necessary for species identification of all clinical specimens suspected of
containing Mycobacteria. It is required for phenotypic first and second line TBdrug
[susceptibility testing and for subsequent genotyping and whole genome sequencing. Liquid
Mycobacterial [culttire allows for more fapid detection mean [14'days (p to 42 days) than

solid culture but is at risk of greater contamination and [¢ests more.
Drug Susceptibility Testing (if available) for first-line drugs is generally performed on initial
isolates of all patients to identify an effective anti-TB regimen. Testing of second-line drugs may

be performed on the initial specimen if drug resistant TB suspected or confirmed by NAAT.

Drug 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).

Specific clinical symptoms
TB Imaging: X-ray, ultrasound, CT, MRI of affected organ or body

Clinical symptoms depend on the part of body affected by TB (see text for details)
A high degree of suspicion is generally required to diagnose extrapulmonary TB beyond TB

site 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 /AFBMicroseopy may Mot provide algood yield from extrapulmonary sources i.e., [aige

necessary, such as:

|quantity of CSE is required to perform aZN stain.

[Culture is required in most cases to confirm diagnosis of pulmonary and extra pulmonary

Urine

* CSF

Pleural fluid

Pus or other aspirated fluid
Biopsy specimens

Blood

TB and remains the jgold'standard, culture can also allow for drug susceptibility of first and
second line anti-TB drugs as well as typing and whole genome sequencing.

INAAT has varying sensitivity and [Specificity for [extrapulmonary 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.

disease specialist, and MDR-TB WHO guidelines should be followed

where possible. [fitial treatment regimens for drug-resistant TB
includes atleastfour second i drigs (o, core drugs: lter generation
lamikacin| capreomycin, kanamycin, ethionamide/
prothionamide, cycloserine, [liiézolid, clofazimine and non-core
drugs like delamanid, bedaquiline, p-aminosalicylic acid, imipenem-
cilastatin/meropenem, Amoxicillinclavilanate, thioacetazone) admin-
istered over eighteen months or more [3,24,28].

The|tréatment success of standard regimens under trial conditions in
drug-susceptible TB is95% in [mon-critically ill patients [3]. Treatment
success critically [dépends on [adequate blood [eVels of anti-TB drugs
129], while plafmacolinetic Variabilty to &single g of the regimen
[cail cause treatment [failr€ or induce drug Fesistance [30]. Pharmacoki-
Inetics is [extensively laltered by physiological and pathophysiological
changes occurring during/critical'illaess [31]. So far, [ittle’is’known
about the pharmacokinetic changes of anti-TB drugs in critically ill pa-

[fiénts. An observational study fromSouth/Africa reported thattherapeus
e BIGGRIIEVEIS were achieved in OB MINGNEy (£30%) of Gifically il
patients when [ifampicin, isoniazid, pyrazinamide and Ethambutol
were given as a fixed dose via a nasogastric [{ubé [32]. Case reports ob-

inadequate blood levels of anti-TB drugs in patients on renal re-

served

and/or extracorporeal [embrane oxygenation
[33,34]. Multiple factors may influence pharmacokinetics in critically
ill patients. Intestinal absorption may be delayed or altered by
gastroparesis, intestinal paralysis, [Glcer [prophylaxis, enteral nutrition
and critical illness-associated changes of the [microbiome, Oedema for-
mation and fluid accumulation icrease the volume of distribution of
anti-TB drugs. Glomerular hyperfiltration or augmented renal clearance,
and acute Kidney or liverinjury can affect anti-TB drug elimination [31].
In addition, genetic variations in drug metabolism [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 i
tially until gastrointestinal function is restored, administer anti-TB
drugs ffavenously to critically ll patients. Although HESMBIEi the
drug with the Righeststerilizing TB'activity, is available in an [intraves
[nous formulation, not all drugs are (Table 4), especially the bactericidal
isoniazid is ot readily AvVailable in [all fégions of the world. In these
areas, local regimens of altérnative intravenous anti-TB drugs (e.g. a
combination of [AEFAVEROUS Fifampici, FOXifO¥AEH and AMIKAEIR)

may be useful and effective to[bridge the period of impaired gastrointes-

tinal function. The use of €mpirical intravenous flioroquinolones was

suggested to improve survival of eriticallyill patients admitted for [puly
[monary TB mimicking severe community-acquired pneumonia [23].
Smaller studies indicated that higher doses of rifampicin (e.g. 15
me/ke/d) and Gedition of a AuoFoquiROlone (c.s. levoloxacia at 20
mg/kg/d) might be associated with improved Sutvival from TB [37,38].
However, a recent [large rial failed to €onfirmi 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 fifampicin/and)isoniazid ARG the activity of EYEOCHTOME
[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 Fifampicin outweigh isoniazid's inhibitory effects.
[Drug level monitoring and [dos€ adjustments of other drugs are fre-
quently necessary. Notably, fifampicin may [feduce blood [evels of se-
lected’sécond lin€e anti=TB drugs such as|moxifloxacin [42].

Another key challenge of anti-TB drugs relates to theifside’efs
[fectsl Some of them (e.g. [i[Soniazid-induced [peripheral neuropathy)
may be BEEVEREABIE [c.5. by PYFAOXINE 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. Ethambutel-
induced [Fétrobulbar neuritis). Drug-induced [[iVer ifjury is the Most
|dangerous adverse effect of anti-TB drugs and occurs at an incidence
of 3=13% with incidence increasing with @ge [43]. It is commonly
triggered by rifampicin, isoniazid, and/or pyrazinamide, especially
if €ombined with other potentially hepatotoxic drugs (e.g.[paracetas
[mol, valproic acid). Drug-induced liver injury may develop arly
after initiation of anti-TB therapy, but may cause critical illness dur-
ing the subsequent treatment phase. As patients with Underlying

are at highest sk, liver function should be judi-
ciously evaluated (incl. h€patitis Serology) in all patients before ini-
tiation of anti-TB treatment. The firSE'signl of drug-induced liver
injury is usually an increase in liver enzymesg =3 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 firstline/anti-TB drugs.

A. Otu et al. / Journal of Critical Care 45 (2018) 184-196

Drug Dose IV form Contra-indications [CSF

Side effects

Comment

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
Adults: 5
mg/kg/d
Children: 10
mg/kg/d
(max. 300
mg/d)

No dose
adjustment in
renal failure
Adults: 15
mg/kg/d
Children:
20-30
mg/kg/d
(max. 1200
mg/d)

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

Dose
adjustment in
renal failure

Available  Unstable liver
disease, known

hyper-sensitivity

Rifampicin [ig=20%

Available
(not
always
accessible)

Unstable liver
disease, known
hyper-sensitivity

Ethambutol Available
(not
always

accessible)

Retrobulbar 25-50%
neuritis, known

hyper-sensitivity

Not
available

Unstable liver 100%
disease, known
hyper-sensitivity,

porphyria

Pyrazinamide
arthritis

IDILI, vasculitis, ephritis,
thrombocytopenia, léukopenia,

hemolytic anemia, exfoliative
dermatitis

IDIE, peripheral fietifopathy, IHpis-like

syndrome, (hypersensitivity) Vasculitis,
seizures, altered mental state

Retrobulbar neuritis, [DIEL,
thrombocytopenia, leukopenia,
myocarditis, pericarditis, altered mental
state, exanthema, arthralgia

IDILI, exanthema, rhabdomyolysis,

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

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

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

Monitoring of liver enzymes recommended

CSF, cerebrospinal fluid; DILI, drug-induced [liveF injury; CYP, cytochrome P450 system.

Fixed dose combination tablets (containing either rifampicin, isoniazid, pyrazinamide and ethambutol, or rifampicin and isoniazid) are available. There is limited data on the bioavailability
if these tablets are crushed and administered via the nasogastric tube. Alternatively, a syrup formulation can be used, particularly in children.

¢ 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.

hepatotoxic anti-TB drugs (e.g. rifampicin, isoniazid, pyrazinamide)

should be FEBlacéd by an SGEIEOSide, IEvofloxacifan SEhambi-
[éel, or [other |second-line drugs [44].

4.2. The use of steroids

Glucocorticoids alter the immune response to M.th. Current evidence

and guidelines suggest that GjnEtive steroid Eheapy/ redces mortale
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 TR other than meningitis or pericar-
ditis remain controversial, A recent meta-analysisreported that steroids
coulddecrease mortality for @ll forms of [[B/[45]. It appears that these ef-

fects are most consistent in patients with a/fighl disease SEVeTity such as

AR T8 or TB-associated SepEShOEK 45,45] Adtenal insuficiency in

patients with TB can be caused by an/éxaggerated pro-inflammatory re-

sponse [47], tuberculous flffation or adrenal haemorthage

Rifampicin 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 Sympromaticadrenalinsuciency in only 4% of
patients [50]. The incidence of ladrenal insufficiency in critically ill pa-

tients with TB is[Uneléat. 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.[0rgan=specific TB - management and support
4.3.1.|Pulinonary TB

The most 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, €X-
[ensive (e.g. miliary) or Advanced infection, it is the oS Common
[cause of [crifical 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 >15  Any
years
Disease type Primary infection Primary or post-primary
infection®
Co-infection with ~ Rare Frequent
HIV
Chest X-ray Mostly hilar Lymphadenopathy with
lymphadenopathy with or (upper lobe) infiltrates with

without infiltrate
M.tb bacilli load in  Low (paucibacillary)

or without cavitating lesions
Low to high (multibacillary)

sputum
Risk of Low High
transmission to
others
Need for isolation  Yes Yes
Extrapulmonary  Frequent (>30%) Rare (except in HIV positive
TB (independent of HIV status)  patients)

Tuberculous Seizures frequent (~50%), Seizures rare (~5%),

meningitis agitation and delirium agitation/delirium frequent
infrequent
Diagnostic Pathway similar to adults but
pathway more difficult to sample
respiratory specimen
Treatment 3 or 4 first-line anti-TB drugs 4 first-line anti-TB drugs

(drug sensitive TB)
Pharmacokinetics  Children metabolize many
of anti-TB drugs anti-TB drugs faster than
adults (higher doses per kg
required)
Infrequent

(drug sensitive TB)

Side effects of
anti-TB drugs

Frequent

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

IMycobacterium-induced [Mjury of the alveolar capillary membrane iid
[creases extravascularlung water, induces a ventilation/perfusion mis-
match and increases the alveolar arterial gradient (Figs. 1 and 2).
Interstitial granulomatous|infection and [obliterativelendarteritis 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 €xceeds that of
patients with ARDS from any [6ther/€atse [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 bacterialinféction, pulmonary HAEMOFAEE pleural EUSION/E-
[pyeéma, and/or pnéumothorax (Fig. 4). Underlying immunosuppression
and prolonged mechanical ventilation make these patients extremely
|prone to nosocomial |bacterial infections. Ventilator-associated [pred-
[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]. Diaifiage of pneumothoraces and pleural effu-
sions can be complicated by pleural @dRésions and bronchopleural
[fistulas. Long-term complications of pulmonary TB include €HroRi€ re-

spiratory insufficiency due to[fibrotic lung changes or extensive |cavitary

lesions [58,60].

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

blood expectorated /24H)) is acommon
complication of pulmonary TB, both in the acute and post-infection pe-
riod [14]. The main pathogenetic mechanism is Vascularwall iecrosis| of
[bronchial rteries adjacent to bronchiolar ulcerations or caseating
lymph nodes [61]. When tuberculous lesions invade the chest wall,
bleeding may also originate from ifitércostal, Subclavian or ammary
[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. Bfonchos-
[GBBY can be used to diagnose and treat pulmonary haemorrhage (e.g. by

[topical application of |epinephring (adrenaline) 1:10,000 to 1:100,000)
[63].If a bleeding source can be determined or{Contrast-enhanced com-

|puter tomography, angiographic€mbolization is highly effective in con-
trolling the bleeding [64]. Emergency [SUrgery is associated with high
mortality and is fésérved for patients who €annot be managed €onser-
vatively [63].

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

lirium, TBM, [tubérculoma) of the brain or Spinal/€ord, and [Stroke. While

delirium can complicate the course of any critically patient with TB, TBM
is the [most frequent neurologic condition induced by TB. It often

Fig. 2. Autopsy histology of lung of a M.th-HIV co-infected patient showing owl's eyes in-
clusion bodies of cytomegaly virus.
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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.

complicates miliary TB and is particularly common in children
(0.5-5 years) and HIV-positive subjects. Hospital mortality rates of
250 (67% in HIV-positive patients) and [65% at one y€ar have been re-
ported [65,66]. Approximately jhalf 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 infratentorial meninges 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 jone/week or less [69]. Agitation is frequent
while clinical signs of meningeal irritation are only inconsistently pres-
ent. Cranial nerve palsies, mostly involving the @bducens 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,
atuberculoma of the brain or spinal cord as well as a stroke| must be
suspected and computer tomography or magnetic resonancel imaging
performed (Fig. 5) [71]. The cerebrospinal fluid analysis is characterized
by anincreased (cell count with lymphocytic predominance, increased
protein (when left standing proteins typically precipitate to a “spider's
web clot”), and /decreased jglucose 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 fhigh/fluid amounts
(up to 10 mLs) and has alow 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
and WHO guidelines recommend timely initiation of anti-TB treatment
with first line drugs [24,25], although new data suggest a promising role
of fluoroguinolones [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 thalami€ 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-
ventions may be indicated for evacuation of large a tuberculoma/s. Gen-
eral neuro-intensive care principles regarding f€mperature control,
cardiorespiratory management and blood SUgar control also apply for
patients with tuberculous central nervous system involvement.

[Complications of TBM are frequent and include [iydrocephalus, sei-

- (more frequent in children than adults), Sodium disturbances

(e SyRdToE oP HSACqUATE anEHFEHEGHmaNe secrtion) and
[stroke. In approximately [80% of cases, the hydrocephalus is

[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, fépeated [umbar drainage or
placement of a [Ventricular |[drain is required in about one|third of pa-
tients [76]. For the treatment of seizures, Walproi€ acid should be used
with [GaUfion as it may increase the FiSK of drug-induced liVer ifjuryi
[79]. Up to two-thirds of patients with TBM develop radiologic signs of
- mostly involving the_ [70]. The jpathogenetic mech-
anisms of stroke in TBM remain unclear but likely involve Vasespasim or
[inflammation of arteries crossing thick Subarachnoid exudates (acute
phase), as well as proliferative intimal disease and hypercoagulability
(ehrenic 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 i0'Specific therapy. In a
randomized trial from India including 118 patients with TBM, [prophy-
lactic aspififil (150 mg/d) resulted in a 19:1% absoluite Fisk reduction of
[Stroke and alowermortality (21.7 vs. 43.4%; p = 0.02) compared to pla-

cebo [80]. Currently, aVietnamese ffial to confirm these findings is/@n-
|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 >30-60 IU/L, molecular testing)
is limited and requires that therapy often needs to be initiated without
laboratory confirmation [85,86]. Anti-TB/freatment for tuberculous peri-
carditis isidentical to that of pulmonary TB [24,25].Steroids ( predniso-
lone-equivalent of 60 mg/d forf4'weeks followed by 30 mg/d for four
[Weeks, and then 15 mg/d for two and 5 mg/d fofone week) hasten clin-
ical improvement, decrease the rate of constrictive complications and
the need for subsequent pericardectomy [87]. [afg€ pericardial [effa-
[sions with or without tamponade develop in about 0% of patients

and require percutaneous [puncture and/or surgical drainage (Fig. 6).

4.3.4. Abdotiral 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 fileocaecal
region in75% of cases [89]. It is particularly prevalent in the Indian sub-
continent and often presents with lGN=SPeCifi€ gastrointestinal Symp-
[foms and a palpable [mass in the Fight/iliac fossa [89]. A proportion of

abdominal TB cases may be due to M. bovis infection. Gastroduodenal
or small intestinal [Glcérations rather than hypertrophy are seen in pa-
tients with post-primary pulmonary TB. Haématogenous 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 actite'abdomen (due to obstruction or rarely perfora-
tion) (Fig. 7), the majority manifest with abdominal [painl (75%), scites|
(60%), and Weight|less| (50%). from abdominal pain (75%), ascites (60%),
and weight 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 [A6t [69,90]. The diagnosis of gastrointestinal
TB is made clinically or by imaging (e.g./computer fomography). Ascitic
[DUGEIE in tuberculous PEORIts has 2 16w diagnostic yield. Laparo-
[seopic 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. Endoscopidiballoon'dilatation
has successfully been used in patients with colonic or ileocaecal Stricy
[Eares [93]. Surgery is reserved for patients with perforation, complete

obstruction or massive bleeding. The [Fates'of perioperative complicas
tions are highl (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 and hydronephrosis). 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 [ower 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 asmiliary TB due to the character-
istic miliary pattern seen on [ChesEX=ray (Fig. 9), is associated with
[mycobacteraemia and multiple organ involvement. Most commonly af-
fected organs are the [[ung [liver, Spleen; meninges, and Kidneys. Charac-
teristic/SKifl lesions (erythematous macules 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.\Mianagement of HIV-co-infected patients
[HIV infection increases the TisK 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 fhe'leading cause of death among HIV-positive persons
and causes 26%of AIDS-related [deaths [99]. At/decreased|CD4 counts

(8200 per cubic millimeter) the presentation of TB may be At
CD4 counts - - are usually and
yeobacteremia with millary T8 common (97, Aftietroviral therapy

increases treatment success, significantly Feduces all-cause [mortality|
and [feCUrrence rate in M.th and HIV co-infected patients [100,101].

The WHO recommends

[irsteightweeks after Start of @ni=TB treatment [24]. As patients with
allow €D4 count are at a particularly[Righ/TisK of short-term|death/antiy
[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 @lféady on @ntiretroviral therapy
at TB diagnosis should be [continuéd 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 patient with a large TB-induced pericardial effusion and famponade The
electrocardiogram of the patient (lower right) shows an electrical alternans.

and antiretroviral medications together. As rifampicin reduces the nucleoside reverse transcriptase inhibitors (e.g. efavirenz) are recom-
serum levels'of|protease and to a lesser degree on-nucleoside reverse mended [24]. All patients with|M.th|and HIV co-infection should receive
transcriptase inhibitors [102], antiretroviral regimens with non- trimethoprim-sulfamethoxazole prophylaxis as this substantially

Fig. 7. Clinical appearance and abdominal X-ray in a patient with abdominal TB and intestinal obstruction.
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Fig. 8. Axillary lymphadenitis in a patient with TB disease.

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 by worsening 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 <50/
mm> 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 [farely necessary to
interrupt antiretroviral therapy on account of IRIS junless 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 for M.tb, and it is predominantly spread by airborne
droplets expectorated by talking, sneezing or coughing of patients with
pulmonary TB [111]. M.tb containingdroplets 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 fapid 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. N8| (HP3)) [masks
should be worn during handling of respiratory secretions, in- or
extubation. Closed suction systems and filters (in the [expiratory limb)
should be used in mechanically 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 ofisolation can occur when three consecutive
sputum smear microscopy are negative. Pragmatically, de-isolation may
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 and morbidity 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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Setting

Evironniental control

[Respiratory-protection control

[ntensive - In settings with a high volume

« For HCWs, Visitors, and others

care of patients with suspected or entering the airborn infection

units confirmed TB disease, at least isolation room of a patient with
one room should meet require- suspected or confirmed infec-
ments for an airborne infection tious TB disease, at least|N95|
isolation room to be used for |disposable respirators should
such patients. be worn.

- |Bacterial filters should be used  « If the patient has signs or
routinely in breathing circuits symptoms of infectious TB dis-
of patients with suspected or ease and is suspected of being
confirmed TB disease and [contagious (positive AFB spu-
should filter particles 03 in ~ tum smear result), consider
size in unloaded and loaded sit-  having the/patient wear a sur=
uations with afilter efficiency of  gical'or procedure mask, if pos-
295%. 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
Surgical <« Ifasurgical suite has an OR with « For HCWs present during sur-

suites an anteroom, that room should gery of a patient with suspected

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 JOVGI) can be used to
increase the number of equiva-
lent air change per hour.

If the health-care setting has an
anteroom, feversible 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 037 in
size in an unloaded and loaded
situation with a filter efficiency
of 295%.

or confirmed infectious TB
disease, at least N95 disposable
respirators, unvalved, should be
worn.

- [Standard surgical or procedure
|masks for HCW's might @6€ have
fitting or HlEeHig Eapaciy 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 iof be used

because they do [iot protect the
sterile surgical field.

TB, tuberculosis; OR, operating room; HEPA, high efficiency particulate air; UVGH ulravid

[olet germicidalirradiation; HCW, health care worker; AFB, acid fast bacilli.

represented Jimajoradvance and assisted in expediting management.
Several new agents 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 |Righ'indexof
[stispicion should be maintained by all, to diagnose and most optimally

manage critically ill patients with this perennial problem, irrespective
of geographic location of practice.
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