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ÖZET

Tüberküloz tedavisinde hepatotoksisite risk faktörleri ve yönetimi

Giriş: Hepatotoksisite, tüberküloz tedavisi sırasında gelişen ve tedaviye uyumu, tedavi sonuçlarını etkileyen en sık yan et-
kilerden biridir. Bu çalışma, tüberküloz tedavisi sırasında gelişen hepatotoksisite risk faktörlerini ve yönetimini değerlendir-
mek amacıyla planlanmıştır.

Hastalar ve Metod: Bu çalışma, Süreyyapaşa Göğüs Hastalıkları ve Göğüs Cerrahisi Eğitim ve Araştırma Hastanesinde,
Ocak 2004-Aralık 2007 tarihleri arasında yatarak tedavi gören hastalarda planlanmıştır. Dünya Sağlık Örgütüne göre an-
titüberküloz tedavisi alan tüberküloz hastalarında hepatotoksisite prevalansı ve risk faktörleri değerlendirildi. Hepatotoksi-
site, eşlik eden semptomlarla birlikte herhangi bir karaciğer fonksiyon testinde yükselme olarak tanımlandı. Yaş, cinsiyet,
önceki tüberküloz tedavi öyküsü, radyolojik olarak yaygın tutulum, eşlik eden hastalıklar ve ilaç direnci hepatotoksisite
gelişimi ve tekrarlayan hepatotoksisite gelişiminde risk faktörleri olarak değerlendirildi. 

Bulgular: Toplam olgu 1443 (yaş ortalaması: 38.37 ± 16.74; %64’ü erkek) hastadan, 106’sında tedavi başlanmasından or-
talama 20 gün sonra hepatotoksisite başladı ve ortalama 14 gün sürdü. Hastaların %78.3 (n= 83)’ünde bir kez hepatotok-
sisite gelişirken, birden fazla hepatotoksisite hastaların %21 (n= 23)’inde gelişti. Hepatotoksisite gelişenlerin %76.4 (n=
81)’ünde tam doz tüm antitüberküloz ilaçlar karaciğer enzimleri normale döndükten sonra devam edildi. Tekrarlayan he-
patotoksisitede, basamaklı antitüberküloz tedavisine sorumlu ilacı çıkararak, devam tedavisi tekrardan başlandı. Hepato-
toksisite gelişen hastaların %79.2’sinde Dünya Sağlık Örgütü tedavi rejimine modifiye edilmeden, tedavi verildi. Pirazina-
midten 15 olguda, rifampisinden sadece bir olguda vazgeçildi. İzoniazid, etambutol ve streptomisin üçlü rejimi altı olguda
verildi. Kinolon sadece bir olguda eklendi. Eşlik eden hastalığın varlığı, hepatotoksisite gelişiminde risk faktörü olarak de-
ğerlendirildi. OR= 3.093 (%95 GA 1.95-4.89; p= 0.000), önceki antitüberküloz tedavisi tekrarlayan hepatotoksisite için risk
faktörü olarak değerlendirildi (p= 0.027). Mortalite saptanmadı. 

Sonuç: Bizim bulgularımız göstermiştir ki, çoğu tüberküloz hastasında, hepatotoksisite, ikinci sıra ilaç eklemesine gerek
duyulmadan başarılı biçimde yönetilebilir. 
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INTRODUCTION

Nearly one-third of the global population, i.e. two billi-
on people, has been considered to be infected with
Mycobacterium tuberculosis and at risk of developing
the disease. More than eight million people were repor-
ted to develop active tuberculosis every year and abo-
ut two million to die (1).

The first-line drugs considered to be the most effec-
tive and well-tolerated treatment options available for
the treatment of tuberculosis and include isoniazid,
rifampicin, pyrazinamide, ethambutol and strep-
tomycin. These drugs have been associated with fe-
wer adverse reactions or side effects besides being
least expensive. As a result, the use of other drugs is
not justified without first using these five first-line
drugs (2).

Distinguishing drug-induced liver injury (DILI) acco-
unts for 7% of reported drug adverse effects, 2% of ja-
undice in hospitals, and approximately 30% of fulmi-
nant hepatic failure (3). DILI has replaced viral hepati-
tis as the most apparent cause of acute liver failure (4).
Overall, the risk of tuberculosis DILI reported in diver-
se studies ranges from 5 to as high as 33% (5).

Adverse effects during tuberculosis treatment may ne-
gatively affect treatment compliance and outcome with
hepatotoxicity being one of the most frequent side ef-
fects encountered during tuberculosis treatment. 

It seems difficult to reach definitive conclusions regar-
ding risks of individual regimens based on the use of
multiple drug regimens in vastly different study popu-
lations with varying definitions of hepatotoxicity and
different monitoring and reporting practices in the ma-
nagement of hepatotoxicity. The present study was de-
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SUMMARY 

Management of and risk factors related to hepatotoxicity during tuberculosis treatment
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Introduction: Hepatotoxicity is one of the most frequent adverse events occurring during tuberculosis treatment that may
negatively affect treatment compliance, clinical outcome. This study was designed to evaluate management, risk factors re-
lated to hepatotoxicity during tuberculosis treatment.

Patients and Methods: Hospitalized patients for tuberculosis treatment at Sureyyapasa Chest Diseases, and Chest Surgery
Training and Research Hospital were included, between January 2004 and December 2007. Prevalence of hepatotoxicity,
risk factors were evaluated among tuberculosis patients under anti-tuberculosis treatment according to World Health Orga-
nization (WHO) guideline. Hepatotoxicity was defined  any elevated liver function tests with accompanying symptoms.
Age, gender, past history of anti-tuberculosis treatment, extensity of radiological findings, co-morbid disorders and drug re-
sistance were the risk factors evaluated in terms of development and recurrence of hepatotoxicity. 

Results: Of 1443 patients (38.37 ± 16.74 years; 64.5% were males), 106 (7.3%) was identified to develop hepatotoxicity on
an average of 20 days after  beginning treatment and lasting an average of 14 days. Hepatotoxicity for once in 78.3% (n=
83) of patients  and more than once in 21.7% (n= 23) patients. All anti-tuberculosis drugs was continued at full dosage  af-
ter the normalization of liver enzyme  in 76.4% (n= 81). In recurrence  a step-by-step treatment was re-started by exclusion
of responsible drug/s. Treatment was administered without modification of WHO regimes in 79.2%. Pyrazinamide was omit-
ted in 15 cases while rifampicin only in one patient. Triple drug regimen with isoniazid, ethambutol and streptomycin was
used in six cases. Quinolon was added to treatment only in one patient. Presence of a co-morbidity was determined to be
significant predictor of hepatotoxicity development OR= 3.093 (CI= 1.95-4.89; p= 0.000) past history of anti-tuberculosis tre-
atment was significantly associated with recurrence (p= 0.027). There was no hepatotoxicity dependent mortality.

Conclusion: Hepatotoxicity can be successfully management of hepatotoxicity without second line tuberculosis drugs in
ongoing treatment regime.

Key Words: Hepatotoxicity, tuberculosis treatment, management, risk factors.



signed to evaluate management of and risk factors re-
lated to hepatotoxicity during tuberculosis treatment in
a 3-year cohort. 

PATIENTS and METHODS

Study Population

A total of 1443 tuberculosis patients [mean (SD) age:
38.37 ± 16.74 years; 64.5% were males] hospitalized
for tuberculosis treatment at Ministry of Health Surey-
yapasa Chest Diseases and Chest Surgery Training and
Research Hospital were included in this study conduc-
ted between January 2004 and December 2007. The
prevalence of hepatotoxicity and related risk factors
were evaluated retrospectively among tuberculosis pa-
tients under anti-tuberculosis treatment according to
World Health Organization (WHO) guideline. 

Data Collection

The data on patient demographics, index cases, co-
morbidities and prescribed treatments were obtained
from medical records. Chest radiography findings were
evaluated to determine the extent of the disease. Ex-
tensive disease was defined as total bilateral infiltrati-
ons ≥ 75% or total cavity diameter ≥ 15 cm. Hemog-
ram, urine analysis, and electrocardiography were per-
formed and hepatitis and human immunodeficiency
virus (HIV) markers were evaluated. Control visits we-
re performed twice a week in case of detection of ab-
normal liver enzymes and abnormal bilirubin level. 

Evaluation of Tuberculosis

Tuberculosis was defined bacteriologically or histopat-
hologically. Bacteriological testing was based on three
sputum samples per patient or, if the patient could not
produce sputum, a gastric aspiration sample. The spu-
tum and gastric aspiration samples were evaluated for
AFB by EZN and Löwenstein-Jensen medium was
used to culture M. tuberculosis. Patients who had ext-
rapulmonary tuberculosis were evaluated bacteriologi-
cally or histopathologically. 

Categorization and Corresponding Treatment 
Regimens in Tuberculosis Patients

Categorization and corresponding treatment of tuber-
culosis patients was performed according the WHO gu-
ideline (6). Category I tuberculosis patients was defi-
ned to be new smear-positive patients, new smear-ne-
gative pulmonary tuberculosis with extensive pa-
renchymal involvement and severe forms of EPTB. Ca-
tegory II tuberculosis patients was defined to be previ-
ously treated sputum smear-positive PTB patients and
patients with relapse and treatment failure. Category III

tuberculosis patients was defined to be new smear-ne-
gative PTB (other than in Category I) and less severe
forms of EPTB. Category IV patients was defined to be
chronic and MDR-TB cases (still sputum-positive after
supervised re-treatment). 

Category I treatment regime composed of two phases
including initial phase of 2-month [isoniasid (H), rifam-
picine (R), pyrazinamide (Z), ethambutol (E)] with di-
rect observation followed by the continuation phase of
4 month HR with self-administration. Category II treat-
ment regime composed of two phases including initial
phase of 2-month [HRZES (streptomycine) + 1 month
HRZE] under direct observation followed by continuati-
on phase of 5-month HRE with self-administration. Ca-
tegory IV treatment regime was defined as standardized
treatment regime with second-line drugs (7). 

In case of a failure in category I treatment, category II
treatment was strated while in case of a failure in cate-
gory II treatment, the selected treatment regimen was
category IV treatment.

Bacteriological evaluation was repeated in every pati-
ent on a monthly basis and category I, category II and
category IV patients were hospitalized until they had
sputum conversion.

Evaluation and Management of Hepatotoxicity

Hepatotoxicity was defined (1) as a rise of serum as-
partate aminotransferase (AST) and/or alanine ami-
notransferase (ALT) to three times of the normal upper
limit (2) a rise in the level of serum total bilirubin > 1.5
mg/dL; (3) any increase in AST and/or ALT compared
to pre-treatment levels accompanied with anorexia,
nausea, vomiting, and jaundice; (4) absence of serolo-
gic evidence of infection with hepatitis virus.

Episodes of hepatitis were considered drug induced if
transaminases were normal before therapy, increased
during therapy, and returned to normal after disconti-
nuation of the responsible drug.

In cases of hepatotoxicity, all drugs were stopped and li-
ver function tests were conducted twice a week. Once li-
ver functions were returned to normal, the drug regime
was restarted with all drugs at the same time and full-do-
ses. If hepatotoxicity recurred, the drugs were reintrodu-
ced in stages as follows: first EMB at the maximum do-
sage of 1500 mg and INH at 100 mg. The INH dosage
was increased by 100 mg/day to the maximum dosage
of 300 mg on the third day. RIF was re-introduced from
the fourth day starting at 150 mg and increasing by 150
mg on alternate days until the maximum dose of 600 mg
was achieved. Once RIF had been re-introduced to its
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maximum dosages, PZA was started at 500 mg and the
dosage increased by 500 mg on alternate days until the
maximum dosage of 1500 mg was achieved.

Evaluation of Risk Factors Related to Hepatotoxicity 

Age, gender, past history of anti-tuberculosis treat-
ment, extensity of radiological findings, co-morbid di-
sorders and drug resistance were the risk factors eva-
luated in terms of associations to the development and
recurrence of hepatotoxicity.

Statistical Analysis 

Statistical analysis was made using computer software
(SPSS version 13.0, SPSS Inc. Chicago, IL, USA). Da-
ta were analyzed by chi-square (χ2) test and logistic
regression analysis. Data were expressed as “mean
(standard deviation; SD)”, minimum-maximum and
percent (%) where appropriate. p< 0.05 was conside-
red statistically significant.

RESULTS

Mean (SD) age was determined to be 38.37 ± 16.74
years. Males composed 64.5% of the overall populati-
on. Of 1443 patients, 106 (7.3%) was identified to de-
velop hepatotoxicity (6.9% of males and 8.2% of fema-
les) occurring on an average of 20 days after hospita-
lization and lasting an average of 14 days (Table 1).
Hepatotoxicity was determined to develop for once in
78.3% (n= 83) of patients while recorded for more than
once in 21.7% (n= 23) patients.

Risk Factors Related to Development of 
Hepatotoxicity in the Overall Population (n= 1443)

Patients ≤ 40 years of age composed 58.8% of the ove-
rall population with development of hepatotoxicity in
6.1% while patients > 40 years of age composed 41.2%
of the overall population with development of hepato-
toxicity in 9.1%. The development of hepatotoxicity
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Table 1. The impact of demographic features and risk factors of patients on development of hepatotoxicity (n=
1443). 

Development of hepatotoxicity

Absent Present 
(n= 1337) (n= 106) Total p value

Gender 

Male 867 (93.1) 64 (6.9) 931 (64.5) 0.399

Female 470 (91.8) 42 (8.2) 512 (35.5)

Age groups

< 40 years 796 (93.6) 52 (6.1) 848 (58.8) 0.04

≥ 40 years 541 (90.9) 54 (9.1) 595 (41.2)

Radiological findings

Limited 954 (91.8) 85 (8.2) 1039 (86.5) 0.053

Extensive 141 (87.0) 21 (13.0) 162 (13.5)

Co-morbid disorder

Absent 1107 (94.6) 63 (6.4) 1170 (81) 0.000

Present 230 (84.2) 43 (15.8) 273 (19)

Past history of tuberculosis treatment

Absent 1076 (93.1) 80 (6.9) 1156 (80.1) 0.208

Present 261 (90.6) 26 (9.1) 287 (19.9)

Smoking history

≤ 20 years 1009 (92.8) 78 (7.2) 1087 (75) 0.840

≥ 21 years 327 (92.4) 27 (7.6) 354 (25)

Drug resistance

Absent 1108 (92.6) 89 (7.4) 1197 (82.9) 0.577

Present 213 (93.8) 14 (61.7) 227 (15.7)

Missing - - 19

Data are shown as n (%).



was significantly more common in older patients (p=
0.04; Table 1). 

Radiological evaluation of the extent of the disease re-
vealed limited radiological lesions in 1039 (86.5%) of
1201 cases evaluated while extensive disease in 162
(13.5%) cases. Hepatotoxicity was identified in 8.2% of
patients with limited disease while in 13.0% of patients
with extensive disease based on radiological evaluati-
on. The development of hepatotoxicity was signifi-
cantly more common in patients with extensive disease
(p= 0.05; Table 1). 

Co-morbid disorder was evident in 19.0% (n= 273) of
the overall population while no-co-morbid disorder was
identified in 81.0% (n= 1170). Hepatotoxicity was iden-
tified in 15.8% of patients with co-morbid disorder whi-
le in 6.4% of patients lacking co-morbidity. The deve-
lopment of hepatotoxicity was significantly more com-
mon in patients with co-morbidity (p= 0.000; Table 1).

Past history of anti-tuberculosis treatment was present
in 19.9% (n= 287) of the overall population while ab-
sent in 80.1% (n= 1156). Hepatotoxicity was identified
in 9.1% of patients with past history of treatment while
in 6.9% of patients lacking treatment history (Table 1).

Data on drug resistance was evident in 98.7% (n=
1424) of the overall population, with resistance to all
anti-tuberculosis drugs in 15.7% (n= 227) and no resis-
tance in 82.9% (n= 1197). Hepatotoxicity was identifi-
ed in 61.7% of patients with drug resistance while in
7.4% of patients without drug resistance (Table 1). 

Being > 40 years old (p= 0.04), presence of extensive
radiological lesions (p= 0.05) and co-morbidity (p=
000) were the risk factors determined to be signifi-
cantly associated with hepatotoxicity development.
Presence of a co-morbidity was determined to be signi-
ficant predictor of hepatoxicity development OR=
3.093 (CI= 1.95-4.89; p= 0.000).

Risk Factors Related to Recurrence in Patients Who
Developed Hepatotoxicity (n= 106)

Of 106 patients developing hepatotoxicity, 23 (21.7%;
20.3% of males and 23.8% of females) developed re-
currence. 

Patients ≤ 40 years of age composed 49.1% (n= 52) of
the population having hepatotoxicity with development of
recurrence in 6.1%, while patients > 40 years of age com-
posed 50.9% (n= 54) of the population having hepatoto-
xicity with development of recurrence in 24.1% (Table 2). 

Radiological evaluation revealed limited disease in
79.2% (n= 84) of the population having hepatotoxicity

with development of recurrence in 16.7%, while pati-
ents with extensive disease composed 20.8% (n= 22)
of the population having hepatotoxicity with develop-
ment of recurrence in 40.9% (Table 2). 

Co-morbid disorder was present in 40.6% (n= 43) of
the population having hepatotoxicity with development
of recurrence in 23.3%, while absent in 59.4% (n= 63)
of the population of the population having hepatotoxi-
city with development of recurrence in 19.0% (Table 2). 

Past history of anti-tuberculosis treatment was present
in 24.5% (n= 26) of the population having hepatotoxi-
city with development of recurrence in 38.5%, while ab-
sent in 75.5% (n= 80) of the population having hepato-
toxicity with development of recurrence in 16.2%. The
development of recurrence was significantly more
common in patients with past history of anti-tuberculo-
sis treatment (p= 0.027; Table 2).

Data on drug resistance was evident in 97.2% (n= 103)
of the population having hepatotoxicity, with resistance
to all anti-tuberculosis drugs in 13.2% (n= 14) and no
resistance in 84.0% (n= 89). Recurrence was identified
in 42.9% of patients with drug resistance while in 18.0%
of patients without drug resistance (Table 2). 

Past history of anti-tuberculosis treatment was the only
risk factor determined to be significiantly associated
with recurrence (p= 0.027; Table 2).

Co-Morbidities in Patients with Respect to 
Hepatotoxicity with or without Recurrence

Co-morbidity was identified in 43 of 106 cases with he-
patotoxicity including diabetes mellitus (23.3%), hepa-
titis (11.6%), cancer (7%) and other disorders 58.1(%)
such as coronary artery disease, hypertension and
CCD (Table 3).

Co-morbidity was identified in 10 of 23 cases with re-
currence including diabetes mellitus (20%), and other
disorders (80%) such as coronary artery disease,
hypertension and CCD (Table 3). 

Management of Hepatotoxicity

Anti-tuberculosis treatment was continued at full do-
sage after the normalization of liver enzyme levels in
76.4% (n= 81) of patients with hepatotoxicity. In re-
current hepatotoxicity a step-by-step anti-tuberculo-
sis treatment was re-started by exclusion of respon-
sible drug/s from the treatment regime. In 79.2% (n=
84) of patients with hepatotoxicity, treatment was ad-
ministered without modification of WHO treatment
regimes. Pyrazinamide was omitted in 15 cases whi-
le rifampicin in one case. Triple drug regimen with
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Table 3. Co-morbid disorders and categorization of patients with hepatotoxicity with or without recurrence.

Hepatotoxicity

Total cohort (n= 1443) Overall (n= 106) Recurrent (n= 23)
n (%) n (%) n (%)

Comorbidity

Diabetes mellitus 110 (3.9) 10 (23.3) 2 (20)

Hepatitis 23 (8) 5 (11.6) 0

Cirrhosis 3 (1.1) 0 0

Cancer 28 (9.8) 3 (7) 0

Other 123 (48.9) 25 (58.1) 8 (80)

Total 287 43 10

Categorization

Category I 839 (58.1) 63 (59.4) 11 (47.3)

Category II 266 (18.4) 23 (21.7) 10 (43.5)

Category III 317 (22) 17 (18) 2 (8.7)

Category IV 21 (1.5) 3 (2.8) 0 (0)

Table 2. The impact of demographic features and risk factors on recurrence of hepatotoxicity in patients with
hepatotoxicity (n= 106).

Recurrence of hepatotoxicity

No Yes
(n= 83) (n= 23) Total p value

Gender 

Male 51 (79.7) 13 (20.3) 64 (60.4) 0.810

Female 32 (76.2) 10 (23.8) 42 (39.6)

Age groups 

≤ 40 years 42 (80.8) 10 (19.2) 52 (49.1) 0.640

> 40 years 41 (75.9) 13 (24.1) 54 (50.9)

Radiological findings

Limited 70 (83.3) 14 (16.7) 84 (79.2) 0.171

Extensive 13 (59.1) 9 (40.9) 22 (20.8)

Co-morbid disorder

Absent 51 (81) 12 (19) 63 (59.4) 0.812

Present 33 (76.7) 10 (23.3) 43 (40.6)

Past history of tuberculosis treatment

Absent 67 (83.8) 13 (16.2) 80 (75.5) 0.027

Present 16 (61.5) 10 (38.5) 26 (24.5)

Drug resistance

Absent 73 (82) 16 (18) 89 (84) 0.759

Present 8 (57.1) 6 (42.9) 14 (13.2)

Missing - - 3 (2.8)

Data are shown as n (%).



isoniazid, ethambutol and streptomycin was used in
six cases. Quinolon was added to treatment only in
one patient.

DISCUSSION

The frequency of hepatotoxicity, one of the most im-
portant side effects of tuberculosis treatment, varies
in different countries varies ranging from 1 to 10%.
Depending on factors such as race, socio-economical
condition and geographical location, the frequency
was determined to be highest in India (8-10%) while
lower in Western countries being < 1% in US, 4% in
UK, and 3.3% in Barcelona (8). Hepatotoxicity inci-
dence in our country was reported to range from 0.8
to 18.0% (9).

Reported risk factors for hepatotoxicity include older
age, child age, female sex, poor nutritional status, high
alcohol intake, pre-existing liver disease, hepatitis B
carriage, hepatitis B and C infections, extensive dise-
ase, hypoalbuminaemia and acetylator status. In all di-
sease groups, close follow-up is required during treat-
ment with periodical clinical controls and laboratory
tests (2,5). In a meta-analysis, the presence of rifampi-
cin in a multidrug treatment regimen was reported to
increase the incidence of significant hepatotoxicity
among adults from 1.6 to 2.55% (10). The pyrazinami-
de was also demonstrated to contribute to increased in-
cidence or severity of hepatotoxicity (11).

In line with several studies suggesting increasing age as
a risk factor for tuberculosis DILI, development of he-
patotoxicity was more common in patients > 40 years
old compared with younger patients in our study popu-
lation (12,13). However, logistic regression analysis re-
vealed presence of co-morbidity as the only risk factor
significantly associated with the development of hepa-
totoxicity (OR= 3.093; 95% CI= 1.95-4.89). Neverthe-
less, higher incidence of hepatotoxicity in older age
may be secondary to increased prevalence of comor-
bid disorders as well as use of related additional drugs
in this age group. 

Albeit not significant in our study, women were repor-
ted consistently to have risk of hepatotoxicity higher
than men (12,14,15). 

Extensive tuberculosis disease itself may be a risk fac-
tor for tuberculosis DILI, although confounding factors
are impossible to exclude (12,16). In our study, hepa-
totoxicity was markedly higher in patients with extensi-
ve disease rather than limited disease (13% vs. 8.2%)
while not identified to be a significant determinant in
the logistic regression analysis.

There are different recommendations and clinical app-
roaches concerning follow up of patients, timing of the
anti-tuberculosis treatment withdrawal and treatment
regimen after hepatotoxicity development.

It has been recommended that patients must be evalu-
ated for hepatotoxicity via medical history, physical
examination, laboratory analysis, and also should be
acknowledged about hepatotoxicity, hepatitis symp-
toms including loss of appetite nausea/vomiting and
abdominal pain and precautions for use of alcohol and
hepatotoxic drugs (1,5,17). Routine follow up during
treatment has been recommended only in patients with
initially abnormal liver function tests and risk factors
(5,17). Accordingly, follow up of patients based on cli-
nical signs was considered to be sufficient by WHO and
routine laboratory follow up was not recommended un-
less past history of liver disease, regular alcohol con-
sumption or advanced was evident (1). In our study, la-
boratory controls were performed twice a week only in
patients with initially high levels of liver enzymes while
patients with normal laboratory findings lacking clinical
complaints were not routinely followed in terms of la-
boratory tests.

While known to be hepatotoxic drugs, there is no con-
sensus on indications for treatment withdrawal for H, R
and Z. ATS recommended that if AST levels are more
than five times the upper limit of normal (even if witho-
ut symptoms) or more than three times the normal in
the presence of symptoms, hepatotoxic drugs should
be stopped immediately (5). According to BTS, if the
liver enzymes were 5 fold of normal levels, all drugs
should be discontinued (17). In our clinical practice,
hepatotoxicity was considered in case of a rise of three
times the upper limit of nomal levels of serum AST and
/or ALT; a rise in the level of serum total bilirubin > 1.5
mg/dL or any increase in AST and/or ALT above pre-
treatment levels together with anorexia, nausea, vomi-
ting and jaundice. Since which drug causes hepatoto-
xicity is unknown and alteration in treatment regime is
quite likely due to drug resistance, treatment withdra-
wal included all of ongoing tuberculosis drugs in case
of development of hepatotoxicity in our patients.

According to recommendations, if the diagnosis is
drug-induced hepatitis, the anti-tuberculosis drugs
should be stopped and the drugs must be withheld un-
til the normalization of the liver function tests (1,17).
ATS recommends initiation of the new treatment regi-
me following hepatotoxicity provided that ALT levels
are below the two fold of upper normal limits. In our
study population, treatment was re-initiated only after
normalization of liver enzymes. 
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There are different opinions about initiation of treatment
after normalized liver functions tests. ATS recommends
initiation of the therapy with rifampicin monotherapy or
combined E + R treatment with addition of H to the tre-
atment regime after 3-7 days if no elevation is evident
in ALT levels and addition of Z after 3-7 days with cont-
rol of ALT levels. Development of a symptom or eleva-
tion in ALT is considered to be indication for the withd-
rawal of the latest added to the treatment regime. WHO
recommended re-introduction of all the drugs at once
when drug-induced hepatitis was resolved with discon-
tinuation of the latest drug added in case of symptom
recurrence or abnormality in liver function tests (1). 

In our clinical practice, we started the full drug dosages
after the normalization of the enzyme values in 81
(76.4%) cases and 23 (21.7%) of 106 cases had recur-
rent hepatotoxicity. All patients with hepatotoxicity we-
re monitored for the development of recurrence. In re-
current hepatotoxicity a step-by-step treatment appro-
ach was re-started by exclusion of responsible drug/s
from the treatment regime. Tahaoglu et al. compared
the efficacy of two different re-treatment protocols inc-
luding reintroduction of full-dose regime with pyrazina-
mide and gradual reintroduction of a regimen without
pyrazinamide on hepatotoxicity recurrence in tubercu-
losis patients. They reported higher recurrence rate of
hepatotoxicity in the retreatment of tuberculosis with a
full-dose regimen including pyrazinamide (18).

Likewise, if patients with prolonged and severe hepato-
toxicity tolerated R and H, prolongation of treatment
course to 9 months was reported to be a safer strategy
than addition of Z to treatment regime in ATS guideli-
ne. In WHO guideline, 2 months of isoniazid, ethambu-
tol and streptomycin followed by 10 months of isoni-
azid and ethambutol has been suggested if rifampicin is
implicated. If isoniazid cannot be used, 6-9 months of
rifampicin, pyrazinamide and ethambutol has been in-
dicated to be considered while if pyrazinamide is dis-
continued before the completion of the intensive pha-
se, the total duration of isoniazid and rifampicin the-
rapy may be extended to 9 months. In our study, pyra-
zinamide was omitted in a total of 15 cases while rifam-
picin only in one case. Isoniazid, ethambutol and strep-
tomycine triple drugs regimen was prescribed in six ca-
ses and quinolon was added to treatment regime only
in one patient.

Hepatotoxicity has been recognized to occur in about
2% of patients treated with ethionomide or prothiona-
mide and in 0.3% of patients treated with para-amino-
salicylic acid. Cycloserine does not appear to be asso-
ciated with hepatotoxicity, but stated to be used with

caution in patients at risk for alcohol withdrawal seizu-
res (5). In our study population, 3 (14.3%) of 21 cases
who were treated with second line-drugs standarted
MDR treatment had hepatotoxicity. We omitted proti-
onamid from the treatment. 

Our finding of past history of tuberculosis treatment to
be a significant risk factor for the hepatotoxicity recur-
rence may indicate the necessity of step by step treat-
ment strategy in the management of hepatotoxicity in
previously treated patients with exclusion of the drug
responsible for the development of hepatotoxicity from
the treatment regime. 

It seems difficult to reach definitive conclusions regar-
ding risks of individual regimens based on the use of
multiple drug regimens in vastly different study popu-
lations with varying definitions of hepatotoxicity and
different monitoring and reporting practices in the ma-
nagement of hepatotoxicity.

In our study, patients with hepatotoxicity development
were successfully treated without alteration in the stan-
dard treatment regime with low rate of recurrence in
case of re-introduction of all drugs at once. Our fin-
dings seem to indicate the need for closer follow up of
patients with co-morbid disorders, past history of tu-
berculosis treatment and extensive disease in terms of
hepatotoxicity development. Based on our clinical
practice, adequate management of drug related hepa-
totoxicity developed during tuberculosis treatment se-
ems quite possible without exclusion of first-line drugs,
especially of H and R and with a minor role of the se-
cond-line drugs. 
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