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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: This study evaluated the effectiveness of plasma 

exchange for the management of drug-induced hepatitis in 
patients with drug-resistant pulmonary tuberculosis, including 
those with concomitant chronic viral hepatitis. Along with 
standard conservative therapy, increasing attention is being paid 
to extracorporeal hemocorrection methods in the treatment of 
acute hepatitis.

Materials and methods: The study included 127 patients 
with drug-resistant pulmonary tuberculosis treated at the City 
Center for Phthisiology and Internal Medicine in Astana from 
2024 to February 2026. Chronic viral hepatitis was diagnosed 
in 65 of 127 patients: hepatitis B in 9 (13.8%), hepatitis C in 
51 (78.5%), and mixed hepatitis B + C in 5 (7.7%). During 
anti-tuberculosis chemotherapy, 53 of 127 patients (41.7%) 
developed drug-induced hepatitis. This complication occurred 
significantly more often in patients with chronic viral hepatitis 
than in those without it: 39 of 65 (60.0%) versus 14 of 62 
(22.6%), respectively (p < 0.001). Patients were divided into 
two groups, one of which received plasma exchange for the 
correction of drug-induced hepatitis.

Results: The use of plasma exchange in the study group made 
it possible to control manifestations of drug-induced hepatitis 
without discontinuing specific anti-tuberculosis therapy. In the 
control group, where plasma exchange was not used, temporary 
interruption of specific therapy was required.

Conclusion: The inclusion of plasma exchange in the 
comprehensive treatment of drug-induced hepatitis in patients 
with drug-resistant pulmonary tuberculosis made it possible to 
control hepatotoxicity without interrupting anti-tuberculosis 
chemotherapy, which is especially important in patients with 
concomitant chronic viral hepatitis.

Key words. Drug-induced hepatitis, pulmonary tuberculosis, 
drug resistance, chronic viral hepatitis, therapeutic plasma 
exchange.
Introduction.

Drug-induced liver injury (DILI) associated with anti-
tuberculosis drugs has been reported in 5.4-85.7% of treated 
patients [1-3]. According to recent studies, the frequency of 
drug-induced hepatitis ranges from 1.0% to 89.9%, whereas 
the hepatotoxic effect of anti-tuberculosis drugs (ATDs) usually 
develops during the first month of chemotherapy, which is 
associated with a cumulative effect [4,5]. Liver damage caused 
by ATDs is one of the leading reasons for treatment failure in 
patients with tuberculosis, even in those with high adherence 
and adequate drug supply [6-8].

Among liver disorders observed in patients with tuberculosis, 
drug-induced hepatitis ranks first, with a reported frequency 
ranging from 4.3% to 76.2%. DILI most often develops in 
the presence of concomitant digestive diseases, particularly 
liver pathology [9,10]. According to several authors, chronic 
viral hepatitis C predominates in the structure of comorbidity 
in patients with tuberculosis, with a frequency of up to 63.7%. 
Chronic viral hepatitis B occurs 2.0–2.8 times less often, 
accounting for 27.8% [11-13].

The diagnosis of DILI is an indication for temporary 
discontinuation of all ATDs. Failure to comply with this 
recommendation is associated with a risk of acute liver failure. 
If the severity of the tuberculosis process does not allow 
interruption of specific therapy, an equivalent treatment regimen 
or detoxification methods are recommended [14-17]. To prevent 
or reduce hepatotoxicity, various approaches have been proposed, 
including alternative routes of administration for chemotherapy 
drugs (intravenous, lymphotropic, inhalational, and rectal), 
intermittent chemotherapy regimens, and individualized 
selection of drug combinations [18,19]. A number of authors 
also recommend combining ATDs with hepatoprotective agents, 
antioxidants, vitamins, and phospholipids [20-22].

According to the literature, efferent therapies represent a 
cost-effective approach to the treatment of liver diseases, and 
plasma exchange occupies one of the leading positions among 
extracorporeal hemocorrection procedures [23-26]. Compared 
with other methods, plasma exchange provides effective removal 
of macromolecules and protein-bound toxins. The physiological 
response to plasma exchange depends on the volume of 
pathological substrates removed during one procedure, the 
severity of the drainage effect, the volume and frequency of 
procedures, and the characteristics of plasma exchange volume 
during and immediately after the session [27-30].

Unlike other extracorporeal hemocorrection methods, the 
specificity of plasma exchange is largely determined by the 
volume and quality of plasma exchange. Thus, plasma exchange 
exerts primarily detoxifying and immunocorrective effects and 
is a pathogenetically justified component of comprehensive 
treatment for liver diseases [31-35].

Aim. The aim of this study was to determine the effectiveness 
of therapeutic plasma exchange in controlling manifestations of 
drug-induced hepatitis that developed during chemotherapy in 
patients with drug-resistant pulmonary tuberculosis, including 
those with concomitant chronic viral hepatitis.
Materials and Methods.

The retrospective study included 127 patients with drug-
resistant pulmonary tuberculosis who were treated at the City 
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Center for Phthisiology and Internal Medicine in Astana from 
2024 to February 2026. Inpatient and outpatient medical records 
were entered into a Microsoft Excel 2017 database.

The patients were 18 to 60 years old, with a mean age of 39.0 
± 0.94 years. Men accounted for 59% (75/127) and women for 
41% (52/127). The GeneXpert MTB/RIF molecular assay was 
used to examine sputum and confirm the diagnosis. More than 
half of the patients, 53.5% (68/127), had previously received 
two or more ineffective chemotherapy courses, including 
regimens containing reserve anti-tuberculosis drugs.

Inclusion criteria were age 18-60 years, completed treatment 
for pulmonary tuberculosis, and the presence of chronic viral 
hepatitis. The exclusion criterion was any comorbidity other 
than chronic viral hepatitis. Of the 127 patients included in the 
study, 65 were diagnosed with chronic viral hepatitis: chronic 
hepatitis B was identified in 5/65 patients (7.7%), chronic 
hepatitis C in 51/65 patients (78.5%), and mixed hepatitis B and 
C infection in 9/65 patients (13.8%).

All patients underwent a comprehensive examination during 
hospitalization and follow-up, including biochemical blood 
tests (total protein, total and direct bilirubin, ALT, AST, GGT, 
alkaline phosphatase, creatinine, urea, and a coagulation 
panel) as well as abdominal ultrasound, electrocardiography, 
fibrogastroduodenoscopy, and chest computed tomography.

Chronic viral hepatitis was diagnosed by serological testing 
using enzyme-linked immunosorbent assay (HBsAg, anti-
HCV), as well as polymerase chain reaction with qualitative and 
quantitative detection of hepatitis C virus RNA and hepatitis B 
virus DNA.

All patients received comprehensive treatment, including 
either a short-course or individualized chemotherapy regimen 
depending on the drug-resistance profile of Mycobacterium 
tuberculosis, in accordance with Clinical Guideline of the 
Ministry of Health of the Republic of Kazakhstan, as well as 
concomitant therapy. During specific anti-tuberculosis therapy, 
53 of 127 patients (41.7%) developed drug-induced hepatitis. 
Depending on the type of corrective treatment, the patients were 
divided into a study group and a control group. The study group 
received infusion detoxification therapy, hepatoprotectors, 
and sessions of automated plasma exchange, whereas the 
control group received only infusion detoxification therapy and 
hepatoprotectors.

During anti-tuberculosis therapy, hepatotoxic reactions were 
recorded in accordance with the recommendations of the 
American Thoracic Society [36] and were defined as follows: 
aminotransferase levels exceeding five times the upper limit 
of normal (ULN) in the absence of symptoms of hepatitis, 
including nausea, weakness, right upper quadrant pain, 
anorexia, and jaundice; or aminotransferase levels exceeding 
three to five times the ULN in the presence of symptoms of 
hepatitis, including nausea, weakness, right upper quadrant 
pain, anorexia, and jaundice.

Therapeutic plasmapheresis was indicated in patients with 
aminotransferase levels exceeding five times the ULN and 
jaundice. Infusion detoxification and hepatoprotective therapy 
were indicated in patients with aminotransferase levels 
exceeding five times the ULN in the absence of jaundice.

The study group consisted of 26 patients, including 20 with 
concomitant chronic viral hepatitis and 6 without chronic viral 
hepatitis. The control group consisted of 27 patients, including 
19 with concomitant chronic viral hepatitis and 8 without 
chronic viral hepatitis. The groups were comparable in terms 
of clinical forms of pulmonary tuberculosis and the presence 
of chronic viral hepatitis. Fibrous-cavernous and infiltrative 
pulmonary tuberculosis predominated in both groups (Table 1).

From the beginning of chemotherapy, all patients in both 
groups received ursodeoxycholic acid prophylactically as 
a hepatoprotector. After the development of drug-induced 
hepatitis, hepatoprotective therapy was intensified with 
silymarin- and glycyrrhizic acid-based drugs in standard 
therapeutic doses, as well as Essentiale 10.0 mL mixed with 
autoblood administered intravenously followed by oral therapy. 
A 5% glucose solution, Reamberin, and Sterofundin ISO were 
used for detoxification.

The comparison of factors associated with hepatotoxicity and 
the duration of inpatient treatment between groups of patients 
with ALT and AST levels exceeding five times the upper limit of 
normal is presented in Table 2. The two groups were comparable 
in terms of sex, age, and concomitant chronic viral hepatitis. Most 
patients had a history of previous ineffective treatment courses. 
The total duration of hospitalization was significantly longer in 
the control group than in the intervention group (p = 0.01).

Therapeutic plasma exchange was performed using the 
Haemonetics MCS+ device (USA). The treatment course 
consisted of 2 to 5 procedures at 3-day intervals. Plasma was 
removed in a volume corresponding to 20–25% of the calculated 
individual circulating plasma volume. Advantages of this 
method include return of cellular blood components, minimal 
platelet loss due to their low content in the removed plasma, and 
the possibility of compensating for the removed plasma volume 
with normal saline during the return cycle.

Pearson’s chi-squared test (χ²), Student’s t-test and Fisher’s 
exact test were used to compare parameters between the study 
and control groups. Differences were considered statistically 
significant at p < 0.05.
Results.

During specific anti-tuberculosis therapy, drug-induced 
hepatitis developed in 53 of 127 patients (41.7%). In patients 
with chronic viral hepatitis, this complication was recorded 
significantly more often than in patients without chronic viral 
hepatitis: 39 of 65 (60.0%) versus 14 of 62 (22.6%), respectively 
(Fisher’s exact test, p < 0.001). ALT levels exceeded five times 
the ULN in this patient subgroup (p < 0.001). No significant 
increases in other biochemical parameters above the upper limit 
of normal were observed.

The blood biochemical parameters of patients in both groups 
before the initiation of corrective therapy are presented in Table 
3. As shown in the table, total bilirubin and direct bilirubin levels 
were significantly higher in patients in the main group than in 
the control group (Student’s t-test, p < 0.040 and p < 0.032, 
respectively). The remaining liver function test parameters 
and total protein levels did not differ significantly between the 
groups.
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Time to resolution after 
initiation of correction

Number of plasma exchange 
sessions in the study group Study group (n = 26) Control group (n = 27) P (χ² or FET)

10 days or less 2 9 10 (CDT-4) 0.854*
11-15 days 3 11 7 (CDT-3) 0.208*
16-20 days 4 4 6 (CDT-3) 0.728**
21-29 days 5 2 4 (CDT-0) 0.669**
Chemotherapy discontinuation 0% 0 10 (37%) 0.001**
Note: CDT - chemotherapy discontinuation; * Pearson’s chi-squared test (χ²); ** Fisher’s exact test (FET).

Table 5. Time to resolution of drug-induced hepatitis in the groups during therapy.

Timing of onset of drug-induced hepatitis Study group (n = 26) Control group (n = 27) P (χ² or FET)
1st month of chemotherapy 17 (65.4%) 15 (55.6%) 0.47*
2nd month of chemotherapy 5 (19.3%) 6 (22.3%) 0.78*
3rd month of chemotherapy 2 (7.7%) 3 (11.1%) 0.58*
4th month of chemotherapy 2 (7.7%) 1 (3.7%) 0.55*
5th month of chemotherapy 0 2 (7.4%) 0.491**
Note: * – Pearson’s chi-squared test (χ2), ** – Fisher’s exact test (FET).

Table 4. Timing of onset of drug-induced hepatitis in the groups during chemotherapy.

Parameter Main group (n = 26) Control group (n = 27) p-value
M ± m M ± m

ALT, U/L 285.67 ± 5.44 297.12 ± 6.73 0.192
AST, U/L 273.89 ± 3.50 282.70 ± 4.20 0.113
Total bilirubin, μmol/L 41.03 ± 8.75 17.90 ± 6.70 0.040
Direct bilirubin, μmol/L 32.10 ± 7.91 5.10 ± 9.39 0.032
Total protein, g/L 72.80 ± 0.38 73.42 ± 0.21 0.159
ALP, U/L 145.24 ± 1.15 142.35 ± 1.73 0.170
GGTP, U/L 93.61 ± 2.73 88.70 ± 2.55 0.195
Note: Student’s t-test was used.

Table 3. Comparison of blood biochemical parameters in the two groups before the initiation of corrective therapy.

Variables Main group (n = 26) Control group (n = 27) p-value
M ± m M ± m

Age, years 39.0 ± 0.95 38.0 ± 0.99 0.827***
Male, n (%) 15 (57.7%) 17 (62.9%) 0.695*
Female, n (%) 11 (42.3%) 10 (37.0%) 0.695*
Previous ineffective therapy with anti-tuberculosis drugs, n (%) 20 (76.9%) 21 (77.7%) 0.941*
Total duration of hospitalization, days 153.0 ± 9.5 191.0 ± 10.7 0.01***
Concomitant diseases, n (%)
Chronic viral hepatitis B, n (%) 3 (11.5%) 2 (7.4%) 0.669**
Chronic viral hepatitis C, n (%) 12 (46.2%) 13 (48.1%) 0.884*
Chronic viral hepatitis B and C, n (%) 5 (19.2%) 4 (14.8%) 0.728**
Death, n (%) — — —

Table 2. Baseline characteristics of patients in the main and control groups who developed drug-induced hepatitis.

Note: * - Pearson’s chi-square test (χ²) was used; ** - Fisher’s exact test was used; *** - Student’s t-test.

Characteristics Study group (n = 26) Control group (n = 27) P (χ² or FET)
Infiltrative tuberculosis 14 13 0.67*
Fibrous-cavernous tuberculosis 12 14 0.67*
MTB+ 26 27 1.000**
Drug-resistant MTB 26 27 1.000**
Chronic viral hepatitis B 3 2 0.669**
Chronic viral hepatitis C 12 13 0.88*
Mixed chronic viral hepatitis B + C 5 4 0.73**

Table 1. Characteristics of pulmonary tuberculosis and chronic viral hepatitis in the study and control groups.

Note: * – Pearson’s chi-squared test (χ2), ** – Fisher’s exact test (FET).
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Drug-induced hepatitis most often developed during the early 
phase of anti-tuberculosis drug administration, predominantly 
within the first 2 months of therapy. In both groups, the number 
of cases during the first month exceeded that in the second and 
subsequent months (Table 4). This may be related to the fact 
that most patients had a history of previous ineffective treatment 
courses.

As shown in Table 5, manifestations of drug-induced hepatitis 
were resolved in patients of both groups. In the study group, 
chemotherapy discontinuation was not required in any case.

By day 10 of corrective therapy, patients in the study group had 
undergone two plasma exchange sessions, which were sufficient 
to eliminate manifestations of drug-induced hepatitis in 9 
patients. The remaining patients required an extended course. 
Between days 11 and 15, an additional session was performed 
in 17 patients, which resulted in resolution of drug-induced 
hepatitis in 11 patients. The remaining 6 patients required 
further continuation of plasma exchange: 4 patients received up 
to 4 sessions within 20 days, and 2 patients received up to 5 
sessions within 29 days.

In the control group, chemotherapy was temporarily 
suspended in 10 of 27 patients (37.0%) for 8 to 20 days, with a 
mean duration of 14 days. Resolution of drug-induced hepatitis 
within 10 days was achieved in 10 patients, of whom 4 required 
interruptions of chemotherapy. In 7 patients, resolution required 
11–15 days, including 3 patients in whom chemotherapy was 
interrupted. In the remaining 10 patients, a longer period was 
required.

The rate of resolution of drug-induced hepatitis within the 
predefined time frames did not differ significantly between 
the groups. However, the need for temporary chemotherapy 
discontinuation arose significantly more often in the control 
group. The rate of chemotherapy discontinuation was 
statistically significantly higher in the control group (p < 0.001).
Clinical Cases. 

This study presents two clinical cases of treatment of patients 
with chronic viral hepatitis C. Two clinical cases were selected 
as representative examples of decision-making in patients with 
drug-resistant pulmonary tuberculosis and concomitant chronic 
hepatitis C who developed drug-induced hepatitis despite normal 
baseline liver function tests. They illustrate how the choice of 
management was guided by biochemical severity and treatment 
response: therapeutic plasma exchange allowed continuation of 
chemotherapy in one patient, whereas insufficient response to 
standard corrective therapy required temporary chemotherapy 
discontinuation in the other.
Clinical Case 1.

Patient I. was treated for cavitary infiltrative pulmonary 
tuberculosis with dissemination, sputum-positive disease, and 
drug-resistant Mycobacterium tuberculosis. The concomitant 
diagnosis was chronic hepatitis C with minimal biochemical 
activity.

According to the medical history, the patient developed 
hemoptysis, which prompted an emergency medical call. He 
was transported to the hospital and evaluated in the emergency 
department.

Chest computed tomography (CT) at admission (Figure 1) 
revealed extensive irregular areas of infiltrative consolidation 
in the upper lobe of the right lung and in the upper and lower 
lobes of the left lung. Cavitary lesions measuring up to 35 × 10 
mm were visualized within the right-sided infiltrates. Multiple 
nodular foci of varying size were detected in all lobes of both 
lungs, with partial confluence into small infiltrates. The trachea 
and main bronchi were patent to the segmental level; the 
bronchial walls appeared infiltrated, and tractional bronchial 
dilatation was noted. The heart, pericardium, thoracic aorta, 
pulmonary trunk, and its branches were clearly visualized. The 
major mediastinal vessels were of normal caliber. Calcified 
atherosclerotic plaques were identified in the thoracic aorta and 
coronary arteries. Mediastinal lymph nodes were moderately 
enlarged, measuring up to 12 mm. Overall, the CT findings were 
consistent with cavitary infiltrative pulmonary tuberculosis with 
dissemination, mediastinal lymphadenopathy, and aortic and 
coronary atherosclerosis.

The patient was referred to a specialized tuberculosis center. In 
the admission department, sputum testing using the GeneXpert 
MTB/RIF assay was positive for M. tuberculosis and 
demonstrated rifampin resistance. Sputum smear microscopy 
for M. tuberculosis was also positive.

Given the hemoptysis, medical history, examination findings, 
and disease severity, the patient was hospitalized in the 
therapeutic department. A short-course chemotherapy regimen 
was prescribed, consisting of cycloserine 250 mg, three capsules 
once daily, clofazimine 100 mg, one capsule once daily, amisolid 
600 mg, one tablet once daily, bedaquiline 100 mg, two tablets 
once daily, and levosin 500 mg, two tablets once daily.

Before chemotherapy, liver biochemical parameters were 
within the reference ranges: total bilirubin, 12.60 μmol/L; direct 
bilirubin, 3.80 μmol/L; thymol turbidity test, 1.6 units; ALT, 
10.40 U/L; AST, 31.3 U/L; alkaline phosphatase, 45 U/L; GGT, 
17 U/L; and total protein, 68.90 g/L. One month after treatment 
initiation, elevated liver biochemical markers were observed: 
total bilirubin, 38 μmol/L; ALT, 310 U/L; AST, 280 U/L; alkaline 
phosphatase, 142 U/L; and GGT, 95 U/L. The patient therefore 
received hepatoprotective therapy, supportive infusion therapy, 
and a course of therapeutic plasma exchange consisting of four 
sessions. After two plasma exchange sessions, liver biochemical 
parameters decreased to total bilirubin, 17 μmol/L; ALT, 117 
U/L; AST, 93 U/L; alkaline phosphatase, 101 U/L; and GGT, 
84 U/L. After two additional sessions, all parameters returned to 
the reference ranges.

Thereafter, liver biochemical parameters remained normal 
throughout the remainder of treatment, and chemotherapy was 
continued without interruption. After 2 months of therapy, 
sputum smear conversion was achieved, constitutional 
symptoms resolved, and body weight increased by 10 kg.

Follow-up chest CT (Figure 2) demonstrated irregular areas 
of pulmonary consolidation with predominantly smooth, 
focally slightly irregular, well-defined margins in the upper 
and lower lobes of both lungs, along with fibrotic changes in 
the surrounding parenchyma. Cylindrical dilatation of the 
subsegmental bronchi was visualized in the upper lobe of the 
right lung. Multiple nodular opacities of varying size were 
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Figure 1. Chest computed tomography (reconstruction in frontal and lateral views) of patient I. on admission, dated 24.07.2025.

Figure 2. Chest computed tomography (reconstruction in frontal and lateral views) of patient I. at discharge, dated 26.02.2026.

Figure 3. Chest computed tomography (reconstruction in frontal and lateral views) of patient R., dated 11.07.2025.

Figure 4. Chest computed tomography (reconstruction in frontal and lateral views) of patient R. at discharge, dated 06.01.2026.
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present bilaterally. A solitary calcified focus was noted in 
the lower lobe of the left lung. The trachea and main bronchi 
remained patent to the segmental level; the bronchial walls were 
thickened, with focal calcifications. Calcified plaques were also 
observed along the thoracic aorta and in the region of the left 
coronary artery. No enlargement of intrathoracic lymph nodes 
was observed. Overall, the CT findings were consistent with 
infiltrative pulmonary tuberculosis in the phase of resorption 
and consolidation, with scarring of the cavitary lesion in the 
right lung. Compared with baseline CT performed at admission, 
the infiltrates had decreased in size, and the right-sided cavitary 
lesion had scarred.

The patient was discharged in satisfactory condition. Outpatient 
follow-up with a tuberculosis specialist at the place of residence 
was recommended, including monthly sputum monitoring, 
routine clinical laboratory testing, electrocardiography, chest 
radiography every 3 months, and additional investigations as 
clinically indicated.
Clinical Case 2.

Patient R. was admitted with cavitary infiltrative pulmonary 
tuberculosis with bronchogenic dissemination, microbiologically 
confirmed Mycobacterium tuberculosis, and documented drug 
resistance. The concomitant diagnosis was chronic hepatitis C 
with minimal biochemical activity.

The patient had been symptomatic for 10 days and sought 
medical care on the third day after symptom onset. Initial chest 
radiography suggested right-sided pneumonia. The patient 
received ceftriaxone 1.0 g twice daily for 10 days, dexamethasone 
8 mg, and intravenous ascorbic acid 8.0 mL. Subsequent chest 
computed tomography (CT) revealed inflammatory changes in 
the right lung and the lower lobe of the left lung, destructive 
changes in the lower lobe of the right lung, and mediastinal 
lymphadenopathy.

The patient was referred to a specialized tuberculosis center for 
further evaluation. Sputum testing using the GeneXpert MTB/
RIF assay was positive for M. tuberculosis and demonstrated 
rifampin resistance. Sputum microscopy for acid-fast bacilli 
was positive on two occasions.

Based on the clinical history, laboratory findings, imaging data, 
and confirmed sputum positivity, the patient was hospitalized 
and started on an individualized anti-tuberculosis regimen 
consisting of pretomanid 200 mg once daily, linezolid 600 mg 
once daily, moxifloxacin 400 mg once daily, and bedaquiline 
200 mg, administered as two 100-mg tablets, three times weekly.

Chest CT at treatment initiation (Figure 3) demonstrated 
irregular areas of infiltrative consolidation with air bronchograms 
and slit-like cavitary lesions measuring up to 7 × 20 mm in 
segment 6 of the right lung. Clustered, medium-sized foci of 
bronchogenic dissemination were identified in the surrounding 
parenchyma, as well as in segment 3 of the right lung and 
segment 8 of the left lung. The trachea and main bronchi were 
patent to the segmental level; however, the bronchial walls in 
the lower lobe of the right lung appeared infiltrated. The heart, 
pericardium, thoracic aorta, pulmonary trunk, and its branches 
were clearly visualized. No enlargement of intrathoracic lymph 
nodes was observed. Overall, the CT findings were consistent 
with infiltrative tuberculosis involving segment 6 of the right 
lower lobe, with cavitation and dissemination.

Compared with the previous chest CT scan, a mildly positive 
radiologic response was observed, with partial resolution and 
consolidation of infiltrative changes and foci in the right lung; 
however, the cavitary lesions persisted.

At admission, liver biochemical parameters were within the 
reference ranges: total protein, 74.60 g/L; total bilirubin, 12.50 
μmol/L; direct bilirubin, 5.20 μmol/L; AST, 27.00 U/L; ALT, 15 
U/L; alkaline phosphatase, 76 U/L; and GGT, 35 U/L. Two and 
a half months after the start of chemotherapy, liver biochemical 
abnormalities developed: total bilirubin, 18 μmol/L; ALT, 290 
U/L; AST, 270 U/L; alkaline phosphatase, 151 U/L; and GGT, 
72 U/L.

Infusion detoxification therapy and hepatoprotective treatment 
did not result in a sufficient clinical and biochemical response; 
therefore, chemotherapy was temporarily discontinued. The 
criterion for discontinuation was a grade 3 severe adverse 
reaction to anti-tuberculosis drugs, defined as an ALT increase 
to 5-20 times the upper limit of normal, in accordance with 
Clinical Guidelines of the Ministry of Health of the Republic 
of Kazakhstan. During subsequent treatment, liver biochemical 
parameters gradually improved, and chemotherapy was 
resumed according to the treatment plan 2 weeks later, after 
normalization of liver function tests.

Follow-up chest CT (Figure 4) showed irregular, limited areas 
of residual infiltration with air-containing bronchi and fibrotic 
strands in segment 6 of the right lung. Clustered small foci were 
visualized in the surrounding parenchyma, as well as in segment 
3 of the right lung and segment 8 of the left lung. The trachea 
and main bronchi remained patent to the segmental level, while 
the bronchial walls in the lower lobe of the right lung remained 
infiltrated. Overall, the CT findings were consistent with 
infiltrative tuberculosis of segment 6 of the right lower lobe in 
the phase of resolution and consolidation, with scarring of the 
cavitary lesion in the right lung.

Sputum smear and culture conversion were achieved after 3 
months of treatment, and cavity healing was observed after 8 
months. The patient was discharged in satisfactory condition. 
Recommendations included dispensary registration and follow-
up with a pulmonologist at the place of residence, monthly 
sputum monitoring, routine clinical laboratory testing and 
electrocardiography, and chest radiography every 3 months.
Discussion.

The present study demonstrates that chronic viral hepatitis 
is an important risk factor for drug-induced hepatitis during 
anti-tuberculosis chemotherapy in patients with drug-resistant 
pulmonary tuberculosis. Drug-induced hepatitis developed 
significantly more often in patients with chronic viral hepatitis 
than in those without viral hepatitis, indicating reduced hepatic 
tolerance to prolonged multidrug chemotherapy. This finding 
is consistent with recent meta-analyses showing that chronic 
hepatitis C and chronic hepatitis B increase susceptibility to 
anti-tuberculosis drug-induced liver injury [37-40]. In a recent 
meta-analysis, the pooled prevalence of DILI was 15.54% in 
patients with HCV-TB co-infection compared with 8.54% in 
patients without HCV, with an overall odds ratio of 3.50; when 
a strict definition of DILI was applied, namely ALT >5 × ULN, 
the risk remained increased, with an odds ratio of 4.13 [37]. 
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Similarly, chronic hepatitis C was associated with increased 
DILI risk in an earlier meta-analysis of 14 studies, while 
chronic hepatitis B was also associated with increased risk, with 
pooled estimates ranging from approximately twofold to nearly 
threefold depending on study design [38-40].

The predominance of chronic hepatitis C in our cohort is 
clinically relevant. HCV-related liver disease may remain 
biochemically mild before chemotherapy; however, persistent 
necroinflammatory activity, oxidative stress, mitochondrial 
dysfunction, and reduced hepatocellular reserve may increase 
vulnerability to drug-induced injury. In patients with drug-
resistant tuberculosis, this risk may be further amplified by 
previous ineffective treatment courses, repeated exposure to 
anti-tuberculosis drugs, and the cumulative metabolic burden of 
prolonged chemotherapy.

Drug-induced hepatitis developed predominantly during the 
first two months of chemotherapy, which is consistent with 
evidence that DILI usually occurs early after treatment initiation 
and may range from asymptomatic aminotransferase elevation 
to severe hepatitis and acute liver failure [41]. This early onset 
is particularly important in drug-resistant tuberculosis, where 
interruption of chemotherapy may compromise treatment 
continuity, delay sputum conversion, and increase the risk of 
unfavorable outcomes.

The most clinically significant finding of this study was 
that therapeutic plasma exchange allowed continuation of 
anti-tuberculosis chemotherapy in all patients in the plasma 
exchange group, whereas chemotherapy was temporarily 
discontinued in more than one-third of patients in the control 
group. Although time to biochemical resolution did not differ 
significantly between groups, the need for chemotherapy 
discontinuation was significantly lower in the plasma exchange 
group. Thus, the main value of plasma exchange in our study 
appears to be preservation of treatment continuity rather than 
merely acceleration of biochemical recovery.

This finding is supported by broader evidence on plasma 
exchange in severe liver injury, although direct evidence in 
anti-tuberculosis DILI with concomitant chronic viral hepatitis 
remains limited. Liu et al. reported two cases of DILI-related 
acute liver failure successfully treated with high-volume 
plasma exchange without liver transplantation; one case 
involved a 94-year-old man with newly diagnosed pulmonary 
tuberculosis who developed DILI and acute liver failure five 
days after starting anti-tuberculosis treatment, with grade 4 
hepatic encephalopathy, followed by recovery after plasma 
exchange [42]. In a randomized trial of 182 patients with acute 
liver failure, high-volume plasma exchange improved hospital 
survival compared with standard medical therapy alone, 58.7% 
versus 47.8%, respectively [43-45]. Standard-volume plasma 
exchange has also been associated with improved outcomes in 
acute liver failure, while systematic reviews support a potential 
survival benefit, although optimal indications, timing, and 
exchange volume remain uncertain [46-48].

Chronic viral hepatitis represents a state of pre-existing hepatic 
vulnerability, and DILI may act as an acute hepatic insult 

superimposed on chronic liver disease. Evidence from acute-on-
chronic liver failure suggests that plasma exchange may reduce 
systemic inflammation and improve short-term outcomes in 
selected patients [49]. However, current evidence does not 
support routine use of plasma exchange in all cases of DILI. 
Rather, it supports individualized use in selected patients with 
severe biochemical hepatitis, hyperbilirubinemia or jaundice, 
and a strong clinical need to avoid interruption of essential anti-
tuberculosis therapy.

Existing studies support plasma exchange in acute liver 
failure, acute-on-chronic liver failure, severe toxic hepatitis, 
and selected cases of DILI-related acute liver failure [42-49]. 
However, data specifically addressing therapeutic plasma 
exchange for anti-tuberculosis drug-induced hepatitis in patients 
with concomitant chronic viral hepatitis remain limited. In this 
context, our findings suggest that plasma exchange may be a 
clinically useful adjunctive intervention that allows continuation 
of chemotherapy and may reduce hospitalization duration 
in carefully selected patients. This conclusion is consistent 
with the American Society for Apheresis framework, which 
emphasizes disease-specific indications, severity assessment, 
and individualized decision-making when therapeutic apheresis 
is considered [50].

Several limitations should be acknowledged. The retrospective 
design limits causal interpretation, and the relatively small 
sample size may have reduced the statistical power to detect 
differences in time to biochemical resolution. In addition, patients 
were not randomized to plasma exchange, and the indication for 
the procedure was based on clinical severity, including jaundice 
and marked aminotransferase elevation, introducing potential 
confounding by indication. Finally, long-term outcomes after 
discharge, including recurrence of hepatotoxicity, sustained 
tuberculosis treatment success, and viral hepatitis activity, were 
not fully evaluated.
Conclusion.

Chronic viral hepatitis significantly increased the risk of drug-
induced hepatitis during anti-tuberculosis chemotherapy in 
patients with drug-resistant pulmonary tuberculosis. Therapeutic 
plasma exchange, used as part of comprehensive corrective 
therapy, was associated with preservation of chemotherapy 
continuity and shorter hospitalization, despite more pronounced 
bilirubin elevation before the initiation of corrective treatment.

These findings suggest that therapeutic plasma exchange 
may be considered as an adjunctive strategy in selected high-
risk patients with anti-tuberculosis drug-induced hepatitis 
and concomitant chronic viral hepatitis. A course of plasma 
exchange consisting of 2-5 sessions at 3-day intervals may 
improve chemotherapy tolerance and alleviate manifestations of 
drug-induced hepatitis in patients with drug-resistant pulmonary 
tuberculosis, including those with chronic viral hepatitis.

Prospective controlled studies are required to confirm these 
results, define optimal indications and timing, and evaluate the 
long-term impact of this approach on tuberculosis treatment 
outcomes and hepatic safety.
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Эффективность плазмафереза в коррекции 
лекарственно-индуцированного гепатита у больных 
туберкулёзом лёгких на фоне хронических вирусных 
гепатитов B и C

Аннотация
Актуальность. В данной статье представлена оценка 

эффективности плазмафереза при лечении лекарственно-
индуцированного гепатита у больных туберкулёзом лёгких 
с лекарственной устойчивостью микобактерий туберкулёза, 
в том числе на фоне хронических вирусных гепатитов. 
В лечении острого гепатита наряду со стандартной 
консервативной терапией всё большее внимание уделяется 
методам экстракорпоральной гемокоррекции.

Материалы и методы.  В исследование включены 
127 больных туберкулёзом лёгких с лекарственной 
устойчивостью микобактерий туберкулёза, проходивших 
лечение в «Городском центре фтизиопульмонологии и 
внутренних болезней» города Астаны с 2024 по февраль 
2026 года включительно. У 65 из 127 пациентов были 
диагностированы хронические вирусные гепатиты: у 9 
(13,8%) – гепатит B, у 51 (78,5%) – гепатит C, у 5 (7,7%) – mixt-
гепатит B+C. На фоне противотуберкулёзной химиотерапии 
у 53 из 127 пациентов (41,7%) развился лекарственно–
индуцированный гепатит. У пациентов с хроническими 
вирусными гепатитами данное осложнение наблюдалось 
достоверно чаще, чем у больных без хронических вирусных 
гепатитов: у 39 из 65 (60,0%) против 14 из 62 (22,6%) 
соответственно (p <0,001). Больные были разделены на две 
группы, в одной из которых для коррекции лекарственно-
индуцированного гепатита применяли плазмаферез.

Результаты. Применение плазмафереза в основной группе 
способствовало купированию проявлений лекарственно-
индуцированного гепатита без отмены специфической 
противотуберкулёзной терапии. В контрольной группе, 
где плазмаферез не применялся, потребовалась временная 
отмена специфической терапии.

Заключение.  Использование плазмафереза в 
комплексной терапии лекарственно-индуцированного 
гепатита у больных туберкулёзом лёгких с лекарственной 
устойчивостью микобактерий туберкулёза позволяет 
купировать проявления гепатотоксичности без прерывания 
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противотуберкулёзной химиотерапии, что имеет особое 
значение у пациентов с сопутствующими хроническими 
вирусными гепатитами.

Ключевые слова:
лекарственно-индуцированный гепатит, туберкулёз 

лёгких, лекарственная устойчивость, хронические 
вирусные гепатиты, дискретный аппаратный плазмаферез.

პლაზმაფერეზის ეფექტურობა მედიკამენტებით 
ინდუცირებული ჰეპატიტის კორექციაში ფილტვის 
ტუბერკულოზით დაავადებულ პაციენტებში 
ქრონიკული B და C ვირუსული ჰეპატიტების ფონზე

შესავალი. აღნიშნულმა კვლევამ შეაფასა 
პლაზმაფერეზის ეფექტიანობა მედიკამენტოზური 
ჰეპატიტის მართვაში წამალრეზისტენტული ფილტვის 
ტუბერკულოზის მქონე პაციენტებში, მათ შორის 
თანმხლები ქრონიკული ვირუსული ჰეპატიტის 
შემთხვევებშიც. მწვავე ჰეპატიტის მკურნალობაში 
სტანდარტულ კონსერვატიულ თერაპიასთან 
ერთად სულ უფრო მეტი ყურადღება ეთმობა 
ექსტრაკორპორალური ჰემოკორექციის მეთოდებს.

მასალები და მეთოდები. კვლევაში ჩართული იყო 
წამალრეზისტენტული ფილტვის ტუბერკულოზის 
მქონე 127 პაციენტი, რომლებიც მკურნალობდნენ ასტანას 
ფთიზიოლოგიისა და შინაგან დაავადებათა საქალაქო 
ცენტრში 2024 წლიდან 2026 წლის თებერვლამდე. 
ქრონიკული ვირუსული ჰეპატიტი დიაგნოსტირდა 127-
დან 65 პაციენტში: B ჰეპატიტი — 9-ში (13.8%), C ჰეპატიტი 
— 51-ში (78.5%), ხოლო შერეული B + C ჰეპატიტი 
— 5-ში (7.7%). ტუბერკულოზის საწინააღმდეგო 

ქიმიოთერაპიის მიმდინარეობისას 127-დან 53 პაციენტს 
(41.7%) განუვითარდა მედიკამენტოზური ჰეპატიტი. 
ეს გართულება მნიშვნელოვნად უფრო ხშირად 
აღინიშნებოდა ქრონიკული ვირუსული ჰეპატიტის 
მქონე პაციენტებში, ვიდრე მის გარეშე პაციენტებში: 
შესაბამისად 65-დან 39 (60.0%) და 62-დან 14 (22.6%) 
შემთხვევაში (p < 0.001). პაციენტები დაიყო ორ ჯგუფად, 
რომელთაგან ერთ ჯგუფში მედიკამენტოზური 
ჰეპატიტის კორექციის მიზნით გამოყენებული იყო 
პლაზმაფერეზი.

შედეგები. საკვლევ ჯგუფში პლაზმაფერეზის 
გამოყენებამ შესაძლებელი გახადა მედიკამენტოზური 
ჰეპატიტის გამოვლინებების კონტროლი 
ტუბერკულოზის საწინააღმდეგო სპეციფიკური 
თერაპიის შეწყვეტის გარეშე. საკონტროლო ჯგუფში, 
სადაც პლაზმაფერეზი არ გამოიყენებოდა, საჭირო 
გახდა სპეციფიკური თერაპიის დროებითი შეწყვეტა.

დასკვნა. პლაზმაფერეზის ჩართვამ მედიკამენტოზური 
ჰეპატიტის კომპლექსურ მკურნალობაში 
წამალრეზისტენტული ფილტვის ტუბერკულოზის 
მქონე პაციენტებში შესაძლებელი გახადა 
ჰეპატოტოქსიკურობის კონტროლი ტუბერკულოზის 
საწინააღმდეგო ქიმიოთერაპიის შეწყვეტის გარეშე, 
რაც განსაკუთრებით მნიშვნელოვანია თანმხლები 
ქრონიკული ვირუსული ჰეპატიტის მქონე პაციენტებში.

საკვანძო სიტყვები: მედიკამენტოზური ჰეპატიტი, 
ფილტვის ტუბერკულოზი, წამალრეზისტენტობა, 
ქრონიკული ვირუსული ჰეპატიტი, თერაპიული 
პლაზმაფერეზი.
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