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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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].
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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
orreduce 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.
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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 (y?), 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.



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

Characteristics Study group (n = 26) Control group (n =27) P (3> 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%**

Note: * — Pearson s chi-squared test (x2), ** — Fisher s exact test (FET).

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

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 (%) — — —
Note: * - Pearson's chi-square test (x?) was used; ** - Fisher s exact test was used; *** - Student s t-test.

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

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, pmol/L 41.03 +£8.75 17.90 £ 6.70 0.040

Direct bilirubin, pmol/L 32.10+ 791 5.10+£9.39 0.032

Total protein, g/L 72.80 +0.38 73.42+0.21 0.159

ALP, U/L 14524+ 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 4. Timing of onset of drug-induced hepatitis in the groups during chemotherapy.

Timing of onset of drug-induced hepatitis  Study group (n = 26) Control group (n =27) P (3> 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 (x2), ** — Fishers exact test (FET).

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

Time to resolution after Number of plasma exchange

initiation of correction sessions in tll)le study groupg Study group (n =26) Control group (n = 27) P 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 (x?); ** 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 1. 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.
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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 umol/L; direct
bilirubin, 3.80 umol/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 pmol/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 pmol/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



Figure 1. Chest computed tomography (reconstruction in frontal and lateral views) of patient 1. on admission, dated 24.07.2025.

a

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

Iy

Figure 4. Chest computed tomography (veconstruction 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 withbronchogenic 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 gtwice 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 x 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.
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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
pmol/L; direct bilirubin, 5.20 pmol/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 pmol/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 x ULN,
the risk remained increased, with an odds ratio of 4.13 [37].



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
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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 DILIL
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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¢ dexTHBHOCTD miasMagepesa B KOPPEeKIUH
JIEKAPCTBEHHO-NHAYIHPOBAHHOTO TeNMaTHTa Yy OOJbHBIX
TyOepKyJ€30M JErkux Ha (poHe XPOHHYECKMX BHPYCHBIX
renarutoB B u C

AHHOTAINSA

AKTyaJbHOCTh. B 1aHHON cTaTbe mpencraBieHa OLEHKa
s¢dekTuBHOCTH TUIa3Madepe3a NpH JICYSHUH JIeKapCTBEHHO-
WHTyIIUPOBAaHHOTO TeNaTUTa y OOJBHBIX TyOepKyIE30M JIETKUX
C JIEKapCTBEHHOH yCTOHYMBOCTBIO MUKOOAKTEpH TyOepKyiE3a,
B TOM 4YHClIe Ha (OHE XPOHMYECKHX BHPYCHBIX T€MaTHUTOB.
B nedenmm octporo remarura Hapsily €O CTaHIApTHOU
KOHCEpBAaTHBHOW Teparnueil Bc€ Oolnpliee BHUMaHUE yIeNseTcs
METOJ[aM 3KCTPAKOPIOPaTbHON TreMOKOPPEKIIHH.

Marepuansl u MeToabl. B wuccienoBaHue BKIIOYEHBI
127 OonbHBIX TyOepKyné3oM JETKUX C JIEKapCTBEHHOU
YCTOHYMBOCTBIO MHKOOAKTepuil TyOepKyné3a, MpPOXOAWBIINX
neyenue B «[OpoinckoM meHTpe (THU3NOIYIEMOHONOTHH |
BHYTPEHHHX Oone3Heid» ropozna Acrtansl ¢ 2024 mo ¢eBpanb
2026 roma BriouuTeNnbHO. Y 65 w3 127 mamueHTOB ObBLIH
JIMarHOCTUPOBaHbl XPOHWYECKUE BHPYCHBIE TeNarutel: y 9
(13,8%)—renarut B,y 51 (78,5%)—renatur C,y 5(7,7%)—mixt-
renarut B+C. Ha ¢poHe npoTrBOTYOEpKYIE3HONH XUMHOTEpATNN
y 53 u3 127 naumenrtoB (41,7%) pa3Buics JeKapCTBEHHO—
WHIyIUPOBAaHHBIA TemaruT. Y MalHdeHTOB C XPOHUYECKUMHU
BUPYCHBIMH T€NaTHTAMH JaHHOE OCJIOKHEHHE HaOIlonanoch
JIOCTOBEPHO Yallle, 4eM Y OOJIbHBIX 0€3 XpOHUUECKUX BUPYCHBIX
rematutoB: y 39 m3 65 (60,0%) mpotus 14 u3 62 (22,6%)
cootBeTcTBeHHO (p <0,001). BonpHbIe ObUIM pa3/esieHbl Ha 1BE
TPYIIIBL, B OZHOW M3 KOTOPBIX JJIsI KOPPEKIHMHU JIEKapCTBEHHO-
WHTyIIUPOBAaHHOTO TeIaTHTa IPUMEHSIIN TIa3Madepes.

Pe3yabrarel. [IpiMeHenue mazmadepesa B OCHOBHOM IpyIiie
CIIOCOOCTBOBAJIO KYITUPOBAHHIO TIPOSIBIICHUH JIEKAPCTBEHHO-
WHIyIUPOBAaHHOTO TeraruTa Oe3 OTMEHBl cHenupuyecKon
MIPOTUBOTYOEepKyNE3HOIH Teparmuu. B KoHTponbHOW rpymme,
rae mwiazmadepes He IPUMEHSUICS, NoTpeboBaIach BpeMeHHast
OTMEHa crennuprIeCcKOH TepaIuH.

3akJouenne. Hcnons3oBanne mrazmadepesa B
KOMIUIEKCHOH ~ Tepanmuy  JIEKapCTBEHHO-WHIYyLIUPOBAHHOTO
rernarura y OONBHBIX TyOepKyaE30M JETKHX C JIEKapCTBEHHOU
YCTOHYMBOCTBIO ~ MHKOOAKTepui  TyOepKyné3a IO3BOJSET
KyIUpOBAaTh MPOSIBIICHUS TEIaTOTOKCUYHOCTH 0€3 pephIBaHMs



MPOTHBOTYOEPKYNE3HONW XUMHUOTEPAIMH, YTO HMEET 0coboe
3HAYEHHE y MAalMEHTOB C COMYTCTBYIOLIUMH XPOHUYECKUMU
BUPYCHBIMU T€aTUTAMU.

KaioueBrnle ciioBa:

JIEKapCTBEHHO-UHIYITUPOBAHHBIN TeIIaTHT, TyOepKyE3
JNETKUX,  JIEKAPCTBEHHAss  YCTOMYMBOCTb,  XPOHHUYECKHE
BHUPYCHBIE TeIIaTUTHI, JUCKPETHBIN aliapaTHbIN wia3Madepes.
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