


The careful monitoring of patients with 
drug-resistant TB is essential to their safe 
and successful completion of therapy.

Initial Evaluation
The critical and exacting task of monitoring the patient with drug-resistant tuberculosis 
(TB) begins with a thorough and organized initial evaluation. This evaluation includes the 
same elements required for drug-susceptible TB patients:

• Demographic information (name, address, date of birth, race and ethnicity, etc.)

• Full TB history (including medications, surgeries, and complications)

• Past medical history (including medications, allergies, psychiatric history, HIV status, 
diabetes, and other complicating conditions)

• Social history (including substance use and housing)

• Source case and contact information (including incarceration history, previous resi-
dences, and household contacts)

• Review of systems

• Thorough physical exam

• Baseline laboratory evaluations (including HIV serology and pregnancy test)

Use a systematic approach to monitoring.
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Documentation
During the intake process, use a standardized form to organize data regarding prior treat-
ment, evaluation, and other notable events.

A Drug-O-Gram
• Documents previous and current drug treatment, weights, microbiology and radiol-

ogy results, and other notable information in an easy-to-read, tabular form

• See Monitoring Tool 1 (monitoring tools are found at the end of this chapter and at 
www.nationaltbcenter.ucsf.edu/drtb) 

Another important document will assist all team members in monitoring a patient with 
drug-resistant disease:

A Care Plan
• Delineates the important monitoring events required at intervals through the course 

of care and after treatment is discontinued

• Ensures that elements of care are not neglected and can be reviewed with patients 
so they can anticipate upcoming events

• See Monitoring Tool 2 for a sample care plan that can be customized for individual 
patients

Monitoring fl ow sheets can track progression of blood work, bacteriology results, and 
hearing, vision, and vestibular exams. See Monitoring Tools 3, 4, and 5 for examples of 
these fl ow sheets.  Additional monitoring tools are available at www.nationaltbcenter.ucsf.
edu/drtb in both PDF and Excel (can be modifi ed and typed into) formats.

General Monitoring
General monitoring and relationship building occur with each patient encounter:

• Hospitalized patients are monitored at least daily by physicians and other 
providers.

• Outpatients are monitored:

• 5 to 7 days per week by staff dispensing directly observed therapy (DOT) 

• By physicians:

• Every week or every other week early in the course

• Monthly after things are going very well

• Occasionally less frequently in the second year of treatment

• By nursing staff, social workers, audiologists, etc., as needed

Direct and active monitoring includes culture collection, blood testing, radiographic imag-
ing, audiology testing, and physical examination. Indirect monitoring involves observation 
of the patient’s affect, mentation, etc.

MDR-TB CARE PLAN

CXR – PA & lateral; 
Compare to old films

TST
Report case to LHD

Request/review old records

Create drug-o-gram

CBC, metabolic panel, 24o 
creatinine clearance*;  

review prior abnormal labs

HIV serology with pre/post 
test counseling

Baseline TSH
(cycloserine / ethionamide)

Review prior sputum results.
Repeat sputum

Review susceptibilities; 
request extended 

susceptibility tests

Infection control/isolation

Consider insertion of
indwelling catheter

Assess & Address

Consider CT and 
alternate views

Physician 
assessment

Update drug-o-gram

Sputum q a.m. x3 
days

Follow-up pending
susceptibilities

Continue until culture
negative x3

(see chapter 8)
Aminoglycoside

and/or Capreomycin 
IV (IM) 5-7 days/wk

4-6 oral drugs

DOT initiated/pt 
educated

Pyridoxine 100-150 mg
(or more)

Baseline weight

Nutritional 
assessment

CXR

Physician assessment 
q 1-2 weeks

Update drug-o-gram

If HIV+: CD4, viral 
load

Sputum x3 q 2 weeks 
until smear-negative

Consider peak/trough 
drug levels**

Consider peak drug 
levels**

Educate as needed

As long as 
ethionamide or 

cycloserine given

Weigh 2x/week

Physician assessment 
q 1-2 weeks

Evaluate for 
treatment

Sputum x2-3 q 1 mo 
until culture-negative

Consider peak/trough 
drug levels**

Weigh monthly

CXR

Physician assessment 
monthly

TSH q 3 mo - 
Synthroid if elevated 

TSH

Sputum x2-3 q 1 mo 
until culture-negative

Repeat susceptibility if 
sputum culture-positive

 

Consider peak drug 
levels**

Sputum x1-2 q 1 mo 

Repeat serially for 
persistently positive 

cultures

Consider peak/trough 
drug levels**

CXR

Δ to 3x/wk after 
2-6 months

Discontinue after 
culture-negative

6-12 months

CXR, Consider CT

Consider peak drug 
levels**

CXR CXR, Consider CT

{

Baseline                     Initiation of                Month 1                   Month 2                   Month 3                   Month 4                   Month 6                   Month 9                 Month 12                 Month 18                 Month 24

Substance abuse/psychosocial factors influencing compliance

Vision and color discrimination screens monthly while EMB, clofazimine, or rifabutin used

Audiogram/vestibular screen. Continue monthly as long as aminoglycoside/capreomycin given

Nutritional supplement as needed (Not within 2 hours of fluoroquinolone)

Treatment

  * 24 hr. creatinine clearance if any elevation of creatinine or any question of renal compromise. Repeat if change in renal function.
** Some experts document drug levels for all patients.  Adjust dose or interval and repeat as needed.

Adapted from Tuberculosis Resource and Education Center
www.tdh.state.tx.us/tcid/TB-Education-Ctr.htm

CBC, LFTs, K+, Ca++, Mg++, Creat Clearance serially as indicated  (see chapters 6&7)

Complete contact eval (LHD)
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Specifi c Monitoring
Drug Administration
Ideally, all TB treatment should be given by DOT, which includes watching patients swal-
low their medications. Treatment for multidrug-resistant TB (MDR-TB) should always be 
given by DOT (including pyridoxine supplementation). Weekend doses, drugs given more 
than once a day, and drugs tolerated only at bedtime will provide programmatic chal-
lenges. Every effort should be made to observe every dose of medication. This may re-
quire inpatient admission during the initial adjustment phase for some patients.

Routinely ask patients:

•   “How did you take your medication?”  

•   “Did you take your medication around the same time as milk-based 
products, antacids, or vitamin products?” 
(These inhibit the absorption of fl uoroquinolones.)

•   “Did you throw up after taking your medicine?”

Serum drug concentrations and other laboratory tests (uric acid elevation in patients 
receiving pyrazinamide [PZA]) can be a clue as to accurate dosing.  

Drug Absorption and Drug Interactions
HIV and other diarrheal and malabsorptive syndromes affect drug absorption and under-
mine TB treatment. Monitor patients at risk for poor absorption for diarrhea and other 
symptom changes.

Many drugs interfere with or contribute to toxicity with TB therapy. Monitor patients as to 
any new medication started. This should include over-the-counter therapy such as di-
phenhydramine, vitamin supplements, antacids, and “alternative” or “herbal” supple-
ments. 

Weight and Nutrition
Many patients with TB are poorly nourished. This is especially pronounced in patients who 
have developed drug-resistant disease over years of failed treatments. Weight and nutri-
tional status are important markers for disease status. Addressing them is an important 
aspect of therapy.

• Monitor patients’ weight throughout the course of treatment.  

• Maximize the nutrition of undernourished patients.  

• Offer hospitalized patients fl exible meals of their choice, solicit dietary consultation, 
and offer dietary supplementation.  

• Some patients feel best and gain the most nutritional benefi t from small, frequent 
meals throughout the day (mini-meals).  

• Occasionally, tube feedings for supplementation are required, and rarely, parenteral 
nutrition is used (especially prior to surgery for best postoperative healing).

No detail 

regarding 

medication 

administration 

should be 

assumed or left 

to chance.
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• Customize outpatient management to the nutritional status of the patient. Some 
patients will only need to have their weight monitored, and others will require food 
diaries, regular nutritional labs, and ongoing nutrition consultation. 

• Some food supplements (such as Ensure) interfere with absorption of fl uoroquinolo-
nes and should be offered more than 2 hours before or after the drug.

Substance Abuse and Mental Health
Some TB patients are at higher risk of substance abuse and mental health issues. Sub-
stance abuse treatment programs are important partners with TB clinics and providers. 
Similarly, treatment of mental health disease is paramount in keeping patients compliant 
with TB therapy.

• Closely monitor a patient’s success and/or relapse with substance abuse issues 
during TB treatment in order to anticipate toxicity (such as alcohol with isoniazid 
[INH] and cycloserine, and methadone with rifamycins) and to avoid adherence 
complications.

• Closely monitor mental health symptoms—especially for patients receiving cyclos-
erine. Cycloserine’s most common toxicities are depression, psychosis, and sui-
cidal ideation. The use of standardized tools for assessing and documenting mental 
health symptoms are very helpful. Two such tools are the Beck Depression Inven-
tory (available in English and in Spanish; Harcourt Assessment, San Antonio, TX; 
http://harcourtassessment.com) and the tools from the Latino Family Institute (Oak 
Park, IL; telephone: (708) 445-0480).

• Even patients without underlying mental health issues will need signifi cant mental 
health support and monitoring during the long and arduous treatment for drug-
resistant TB. Situational depression can affect many patients and can be quite debil-
itating. Monitor patients for these symptoms and provide support as needed.

Ongoing TB education is essential…
Most people will only be able to process a small amount of information during the diagnosis and 
treatment period. Constant education and support will help patients and families to anticipate toxicities 
and tolerate inconveniences during the long course of treatment.
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Respiratory Symptoms
• Routinely monitor the patient’s cough, respiratory status, and sputum production. 

Most TB patients’ respiratory symptoms improve in the fi rst few weeks of effective 
treatment. Even most patients on appropriate MDR-TB treatment will improve symp-
tomatically by 3 to 6 weeks on treatment.  

Investigate failure to improve or return of respiratory symptoms 
after initial improvement. Consider all the following possibilities:  

• Some patients will have another respiratory infection or process
(malignancy among others)

• Some patients will be nonadherent with therapy or not achieving 
therapeutic  concentrations

• Some patients will be experiencing TB treatment failure:

• Repeat cultures and susceptibilities

• Consider a regimen change (never add a single drug to a failing regimen)

• Interpret respiratory symptoms in the context of the entire clinical picture:  
fever curve, weight gain, other systemic symptoms, intercurrent illness, and 
microbiologic response to treatment

Systemic Symptoms
• Monitor the following constitutional symptoms most commonly affected in TB patients:

• Fever

• Appetite

• Energy

Other symptoms might be related to the specifi c site of TB disease and should be 
monitored based on baseline fi ndings. For example, headache, vomiting, and neu-
rologic changes are seen with central nervous system (CNS) disease.

• Screen for symptoms of co-morbid conditions, especially HIV.  

While initial immune reconstitution may exacerbate TB disease, the long-term health 
of the patient and ability to cure TB disease relies on the successful treatment of 
HIV. The avoidance of, or at least recognition of, associated problems and other op-
portunistic infections will contribute to TB treatment success. In particular, gastroin-
testinal (GI) problems associated with HIV markedly contribute to poor drug absorp-
tion, treatment failure, and amplifi cation of resistance.

Drug Toxicity (See Table 1)

• Warn every patient beginning any TB therapy to expect toxicity.  

• Even patients taking INH monotherapy frequently feel lousy in the fi rst couple of 
weeks of therapy. If patients do not anticipate this reaction and are not reassured 
that it will improve, they will frequently stop the therapy.

• Monitor patients for general toxicities and drug-specifi c toxicity at every health-
care visit (including during DOT encounters).
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• Patients with drug-resistant TB will experience much more toxicity than patients 
treated for drug-susceptible disease. Most of the second-line TB therapies give 
signifi cant toxicity.

Help the patient to understand: 

• They will feel worse before they feel better

• The toxicity symptoms will improve

• Steps can be taken to minimize the toxicity symptoms

• In the long run, the treatments will cure the disease, save the patient’s 
life, and prevent transmission to loved ones

• Take measures to minimize toxicity and to help patients tolerate the toxicity rather 
than losing the drug in the regimen.  In many cases, there are no alternative drugs 
for replacement.

• Change the timing of the dose to minimize toxicity.

• Give the dose at bedtime.

• Dose some medicines with food.

• Serum drug concentrations are sometimes helpful. This is best document-
ed in cycloserine. Keep the concentration below 35 to help avoid CNS side 
effects.  

• See Chapter 7, “Adverse Reactions,” for specifi c treatments for adverse events.

NOTE: :While most drugs can be continued safely, in general, a patient who suffers 
vestibular toxicity from an aminoglycoside or capreomycin should not receive 
those drugs in the future.

Routine toxicity monitoring for patients with MDR-TB frequently includes the following 
(see also Chapter 4, “Medication Fact Sheets”):

• Obtain complete blood counts at baseline and intermittently, as clinically indicated.

• Obtain creatinine twice monthly at least initially and at least monthly for patients 
receiving aminoglycosides or capreomycin. Interpret the creatinine carefully in 
patients with small body weight, over 50 years of age, and in those with diabetes 
(creatinine over 1.0 mg/dl is elevated in these patients). Baseline creatinine clear-
ance should be documented in persons with serum creatinine greater than expect-
ed, or if any concerns arise.

• Send liver function tests (LFTs) monthly (AST, ALT, Total Bilirubin).

• Monitor potassium, calcium, and magnesium monthly for patients on capreomycin 
and aminoglycosides.

• Test thyroid function (TSH) at baseline and every 3 months for patients receiving 
ethionamide or PAS.  Monitor TSH sooner if symptoms of hypothyroidism develop 
or if baseline thyroid shows abnormalities. Use thyroid replacement if hypothyroid-
ism is documented.

• Perform audiology and vestibular function monthly for patients receiving aminogly-
cosides or capreomycin (dizziness or ear ringing can also result from cycloserine 
and fl uoroquinolones).

• Perform visual acuity and color discrimination screens monthly and watch for evi-
dence of uveitis for patients on EMB, rifabutin, and clofazimine.
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Side Effect

GI side effects

Headache

Skin problems

Drug

■   Ethionamide ■  Fluoroquinolones ■   Para-aminosalicylate (PAS)

■   Clofazimine ■  Rifabutin ■   Aminoglycosides

■  Fluoroquinolones ■   INH ■   Cycloserine

■   Ethambutol (EMB) ■   Ethionamide

■  Clofazimine ■   Cycloserine

■   INH ■   Rifabutin ■   PAS ■   Ethionamide ■   EMB

Photosensitivity ■   Clofazimine ■  Fluoroquinolones

Hepatotoxicity
(early symptoms are anorexia and malaise, 
then abdominal pain, vomiting, jaundice)

■   INH ■   Rifabutin ■   Ethionamide ■   PZA

■   PAS ■  Fluoroquinolones ■   Rifampin (RIF)

Behavioral changes
■   INH ■   Cycloserine

■   Ethionamide ■  Fluoroquinolones

Musculoskeletal / joint / tendons
■  Fluoroquinolones ■   PZA ■   Rifabutin

■   RIF ■   INH (positive antinuclear antibody [ANA])

Visual changes, eye pain, 
change in color vision

■   EMB ■   Rifabutin ■   Clofazimine

■   high-dose INH ■  Linezolid

Hearing loss, ringing in the ears, 
vestibular toxicity

■   Aminoglycosides ■   Capreomycin

Dizziness
■   Cycloserine ■  Fluoroquinolones

■   Aminoglycosides / capreomycin (as manifestation of vestibular toxicity)

Peripheral neuropathy ■   INH ■   Ethionamide ■   Cycloserine ■  Linezolid 

Hypothyroidism ■   Ethionamide ■   PAS

Hypokalemia / hypomagnesemia

Drugs in boldface most commonly cause this effect.

■   Aminoglycosides ■   Capreomycin

TABLE 1.

Common Side Effects of Anti-Tuberculosis Drugs 

For specific drug toxicities, see Chapter 4, “Medication Fact Sheets.”
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Microbiology

Some experts determine duration of drug therapy and use of injectable drugs based on 
time to sterilization.

• Monitor serially in the early phases of treatment until the patient has 3 negative spu-
tum smears.  

• National guidelines suggest monthly monitoring (after smear conversion) of sputum 
for acid-fast bacilli (AFB) smear and culture throughout the entire duration of treat-
ment of MDR-TB, at completion of therapy, and several times in the 2 years after 
treatment. Collecting 2 sputum specimens 8 to 24 hours apart will markedly reduce 
the chance of false-negative sputum culture results. In the second year of treatment, 
some programs feel comfortable with somewhat less frequent sputum collection.

• Most MDR-TB patients whose disease will eventually be cured convert their sputum 
cultures to negative within 3 to 4 months. Patients whose sputa are still culture-
positive after 3 months of treatment should be reevaluated fully, including repeat 
susceptibility testing for the possibility of further development of resistance. Patients 
are considered to have failed therapy when their sputum cultures are still positive 
after four months of treatment.

Whenever sputum is being collected, appropriate attention should be given to infection 
control. Sputum should be collected in a secure isolation area or an outdoor environment. 
If the patient cannot spontaneously expectorate sputum, perform induction with 
hypertonic saline in an appropriately engineered environment.

When smear or culture positivity persists or recurs, 
address and consider:

•   Adherence to therapy

•   Accurate dose calculation and administration

•   Drug absorption 

•   Adequacy of the drug regimen 

•   Development of new resistance 

•   Respiratory and constitutional symptoms

•   Radiographic fi ndings

•   Possible poor penetration of drugs into a localized area; e.g., empyema, 
thick-walled cavity in poorly vascularized lung

Microbiologic response to TB treatment is essential in adult patients 
with pulmonary disease. Even for drug-susceptible disease, the prompt conversion to 
culture-negative sputum is very reassuring and allows for the use of short-course TB therapy. For 
drug-resistant disease, monitoring of sputum for smear and culture positivity is even more important.
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Microbiologic monitoring of extrapulmonary disease is more diffi cult.

• Urine, blood, and even cerebrospinal fl uid are easy and safe to obtain. 

• Serial biopsies or aspirates are inconvenient, expensive, and carry a degree of risk. 
However, if the patient is not responding to therapy, or if there is any reason to sus-
pect that the treatment is failing, strongly consider repeat specimen collection.

Serial culture collection in children is also diffi cult.

• Gastric aspirates are the primary source of AFB culture in children with pulmonary 
disease. These are only positive in 40% of children even before treatment begins.   

• Consider repeat cultures in the context of clinical response to therapy vs. yield of the 
specimen.

• If the child is sedated for any other reason (indwelling catheter placement or remov-
al, auditory brainstem response screening, etc.), collect a gastric aspirate specimen. 
If there is ever question of amplifi ed drug resistance or treatment failure, the results 
may be helpful.  

Drug Concentrations
The exact role of therapeutic drug monitoring (TDM) in management of drug-resistant TB 
has not been extensively studied. One recent trial evaluating the effi cacy of once-weekly 
isoniazid (INH)/rifapentine in the continuation phase of treatment for TB found an associa-
tion with low INH concentrations and failure/relapse. Many experts feel strongly about 
routine use of TDM. Experts who routinely use drug concentrations to manage their pa-
tients cite the following:

• Second- and third-line anti-tuberculosis therapies have much narrower therapeutic 
windows. The therapeutic serum concentration above the minimum inhibitory con-
centration (MIC) is very close to the concentration that causes toxicity.

• A drug dose can sometimes be increased if you see that the serum concentration is 
well below that which causes toxicity.

• An elevated drug concentration can sometimes be noted before the patient suffers 
signifi cant or discernible clinical toxicity—allowing the dose to be modifi ed and 
avoiding dangerous toxicity.

• In cases where few drugs are available, use of drug monitoring may allow you to 
maximize drug doses to avoid amplifi cation of drug resistance and optimize chance 
of cure.

Situations in which drug concentrations are routinely used:

• Aminoglycoside concentrations, especially in patients who have known renal dys-
function. The patient should have trough drug concentrations below the nephro-
toxic concentration. With the once-daily dosing used for treatment of TB, this is 
seldom an issue for patients with reasonably normal renal function. Some experts 
routinely monitor aminoglycoside concentrations on all patients. 

• Monitoring cycloserine concentrations can help the provider to predict and minimize 
CNS adverse reactions and prevent seizure activity.

• EMB concentrations may be useful for patients with reduced renal function.

See Chapter 4, “Medication Fact Sheets,” and Appendix 12, “Therapeutic Drug Monitor-
ing,” for details about timing of blood draws, processing, and shipping of samples.
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Radiographs
Radiographic response to TB treatment lags behind clinical and microbiologic response.

Obtain routine chest radiographs:

• Every 3 to 6 months

• At the end of therapy 

• 6, 12, and 24 months after treatment is completed

Additional radiographs are sometimes obtained when the patient has a clinical decom-
pensation or intercurrent illness. CT scans and special views (lordotic) may be useful for 
individual cases.

In particular, CT scans should be obtained when a more accurate assess-
ment of the extent of disease is needed for surgery, duration of treatment, 
or unexplained changes on the chest radiograph.

CT scans may be particularly useful for following lymph node and mediastinal disease, as 
well as extensive pleural and parenchymal changes. An end-of-treatment CT is often use-
ful to obtain as a baseline for future follow-up in very complex cases. Radiographs (plain 
fi lms, CT, or MRI) are particularly useful in monitoring response to treatment for patients 
whose disease cannot be followed microbiologically:

• Intracranial lesions

• Abscesses

• Bone disease

• Pleural disease

• Deep lymph nodes
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Summary

• The monitoring of patients with drug-resistant TB requires a systematic, 
organized approach. Helpful tools are the “Drug-O-Gram” and “Care 
Plan,” which should be developed and customized for each patient.

• Elements which require monitoring include:

• Drug administration

• Weight and nutrition

• Drug absorption and drug interactions

• Substance abuse and mental health

• Respiratory and systemic symptoms

• Symptoms of drug toxicity

• Blood tests, visual screens, audiology and vestibular testing

• Bacteriology

• Therapeutic drug monitoring

• Radiology
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Monitoring Tool 1: Drug-O-Gram
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Monitoring Tool 2: Care Plan
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Monitoring Tool 3: Lab Flow Sheet

DATE:

WBC
Hbg
Hct
Platelets
ESR
Na+
K+
Ca++
Cl-
Mg++
Total Bili
Glucose
CO2
BUN
Creatinine
Uric Acid
Alk Phos
AST (SGOT)
ALT (SGPT)
T. Protein
Albumin
Cholesterol
LDH
CPK
Amylase
GGTP

PH
PCO2

PO2

HCO2

FIO2

Spec. gravity
Ph
Ketone
Glucose
Protein
Heme
Cr Clearance

TSH
PT
PTT

Adapted from Los Angeles County TB Control Program Lab Flow Sheet
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Date collected Report date Spec # Source Smear Culture Lab Susceptibilities & Comments

Monitoring Tool 4: Bacteriology Flow Sheet

bacteriology: file #:

A more detailed bacteriology flow sheet is available at www.nationaltbcenter.ucsf.edu/drtb
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Monitoring Tool 5:  Hearing, Vision, & Vestibular Exams

Eye Exams Neurological Exams

 SNELLEN Color (Ishihara)

    Date O.S. O.D. O.S O.D.

 Vestibular Exam Audiogram

   Romberg Heel-to-Toe Finger-Nose-Finger A.S. A.D.

Adapted from the Los Angeles County TB Program Eye/Ear Exam Flow Sheet
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