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Abstract

Lipoprotein (a) (Lp(a)) is a genetically determined risk factor for atherosclerosis, with extremely high levels associated
with very high cardiovascular risk. Despite this, in routine clinical practice these patients often remain insufficiently
identified.

Aim. To characterize the prevalence and severity of subclinical atherosclerosis in various vascular beds in patients
with Lp(a) > 180 mg/dL, including younger age groups.

Materials and methods. We performed a retrospective analysis of a database comprising 101,078 outpatients,
from which 1105 (1.09%) individuals with Lp(a) > 180 mg/dL and available lipid profile data were selected; women
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accounted for 67.2%, and the mean age was 52.74 + 14.59 years. The presence of atherosclerotic cardiovascular
disease (ASCVD) was ascertained from medical records, and atherosclerosis was assessed by duplex ultrasound
of the brachiocephalic arteries (BCA) and lower extremity arteries (LEA), as well as by the Agatston coronary
artery calcium score (CACS). At least one vascular bed was evaluated in 69.8% of patients, and all three were
evaluated in 6.2%.

Results. Most patients showed elevated levels of total cholesterol and low-density lipoprotein cholesterol. From
the age of 25-44 years onward, a substantial proportion of patients already showed atherosclerotic involvement of
the BCA and LEA with stenosis >20% and pronounced coronary calcification (CACS > 100 units), with a shift toward
more severe lesions in older age groups. In the subgroup that underwent imaging of all three vascular beds, 60.0% of
patients aged 25-44 years had two or three beds that were affected; the proportion of patients with involvement of
all three vascular beds increased to 40.0% in those aged 45-59 years, 76.9% in those aged 60-74 years, and reached
100% in patients aged > 75 years (p < 0.001). The prevalence of clinically documented ASCVD increased from 10.3%
in the 25-44 age group to 67.1% in patients aged > 75 years. Even among patients without documented ASCVD,
atherosclerotic involvement of the BCA, LEA and coronary calcification was detected in 85.9%, 82.6% and 37.1% of
cases, respectively.

Conclusion. Patients with Lp(a) > 180 mg/dL are characterized by a high prevalence and early onset of subclinical,
frequently multifocal atherosclerosis, with a pronounced age-related gradient of progression. These findings support
the case for designating this cohort as a priority group for in-depth evaluation, risk re-stratification and more intensive
preventive management.
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AKcTpeManbHO BbICOKUIA nunonpoTeuH (a) KaKk MapKep paHHero
aTepocKnepo3a: aHaIu3 KpYnHoW KOropTbl peasbHOW NPaKTUKU
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A HH 0T Ly

JivnonpoTen (a) [JIn(a)] = reHeTuyeckn 06ycnoBAeHHbI GaKTop aTepocKiepo3a, Npu 3TOM ero 9KCTpeMasibHble
3HAYeHWs accoUMMpoBaHbl C KpaiiHe BbICOKUM CEPAEYHO-COCYANCTbIM pUCKOM. OHAKO B peanbHOM KIIMHUYECKOM
NpaKTUKE Takue NnaLlneHTbl BbIABIAKOTCA V1 XapakTepuayrTca HeA0CTaTOuHO.

Lenb. OxapakTepr3oBaTb paCNpOCTPAHEHHOCTb 1 BbIPAXEHHOCTb CYOKMHUYECKOrO aTePOCKIep03a B Pa3INYHbIX
cocyancTbix 6acceitHax y NauyeHToB ¢ ypoBHeM JIn(a) > 180 Mr/an, BKtOYas MOOAble BO3PaCTHbIE Fpynmbl.
Marepuanbl u meToabl. [1pOBEAEH PETPOCMNEKTUBHbIA aHanu3 6a3bl AaHHbIX 107 078 ambynaTopHbIX nayneH-
TOB, U3 KoTopoit BbigeneHo 1105 (1,09%) ¢ Jin(a) = 180 Mr/an v AOCTYNHbIMWA AaHHBIMU AUMWAHOMO NPOGUNS;
XEHLLMHbI COCTaBUIN 67,2%, cpeaHuii BospacT — 52,74 + 14,59 roaa. 110 AaHHbIM MeULMHCKMX KapT OLeHnBau
4aCTOTY aTePOCKIEPOTUYECKMX CePAEYHO-COCYANCTbIX 3aboneBaHnii (ACC3), aTepocknepos — Mo AynnekcHomy
CKaHMpoBaHWio bpaxnouedanbHblx aptepuii (BLIA) 1 apTepuid HUXHUX KoHeyHocTel (AHK), a Takxke no uHaekcy
kopoHapHoro kanbums (MKK) no AraTcToHy; xoTs 6bl 0i1H COCYANCTbIN 6acceitH 6bin obcnenoBaH y 69,8% nauw-
eHTOB, BCe TpK — Y 6,2%.

Pesynbratbl. Y 60MbLWMHCTBA NALMEHTOB OTMEYAUCh MOBbILIEHHbIE 3HAYEHMS O6LLErO XONeCTepyHa 1 XonecTe-
pVHa IMNOMPOTEMHOB HM3KOIA MIOTHOCTW. HaunHas ¢ Bo3pacTta 25-44 neT y 3Ha4yuTesbHO YacTu NaLueHToB Bbl-
ABNANNCH aTepockiepoTnyeckue nameHenns bLIA n AHK co cteHo3oMm > 20% 1 BbIpaXXeHHbI KOPOHapPHbIN Kanb-
LmHO3 (VKK > 100 ef1.), npuyeM ¢ BO3pacTOM CTPYKTypa NOPaxeHus cMelllanach B CTOPOHY 60/1ee TxenblX GopM.
B noarpynne c o6cnegoBaHuem Tpex COCYaMCTbIX 6aCCeiHOB NopaxeHne ABYX unun Tpex 6acceitHos umenn 60,0%
nauveHToB 25-44 neT; 4oNa NaLMEHTOB C BOBNeYeHMEM Bcex Tpex 6acceitHoB cocTaBuna 40,0% B rpynne 45-59
net, 76,9% - B rpynne 60-74 roga v focturana 100% y nauneHToB 75 net v ctapue (p < 0,001). YactoTta Bepndu-
LuMpoBaHHbix ACC3 yBenmumsanach ¢ 10,3% B rpynne 25-44 rona a0 67,1% y nauneHToB 75 net v cTapuie. [Jaxe
cpeau naumeHToB 6e3 ACC3 atepocknepoTuyeckoe nopaxeHue bLIA, AHK 1 kopoHapHbIi KanbLWHO3 BbISBASAANCH
B 85,9, 82,6 1 37,1% cny4aeB COOTBETCTBEHHO.

3aknioueHue. MauneHTbl ¢ JIn(a) = 180 Mr/an xapakTepuayroTCs BbICOKOW PacnpoCcTPaHEHHOCTbIO 11 paHHel pea-
nu3aumeii CyoKIMHNYECKOr0, YacTo MyNbTU(HOKANbHOIO aTePOCKIEP03a C BbIPAaXEHHbIM BO3PACTHBIM rPajyeHTOM
nporpeccupoBaHus. MonyyeHHble AaHHble NOAAEPXMBAIOT Lie1eCo06pa3HOCTb BbIAENEHNS JaHHOW KOrOpTbl B NpU-
OPWTETHBI KOHTYP Yry6aeHHOro 06cnejoBaHmns, pecTpaTudrKaLmm prcka u 6onee MHTEHCUBHO NpodunakTnye-
CKOW TaKTUKM.

KnioueBble cnoBa: N1nonpoTenH (a); cepeYHo-CoCYaUCTbIN pUCK; MyNbTU(OKabHbINA aTepOCKEPO3; MHAEKC KOPO-
HAapHOr0 KanbLWs; CEPAEYHO-COCYANCTbIE 3a60/1eBaHNS

Py6pukn MeSH:

APTEPWOCKJIEPO3 - AINATHOCTUMKA

JIMNOMNPOTENH A - AHANTN3

BECCUMIMTOMHbIE BOJTESHU

OUVATHOCTUKA PAHHSASA
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CooTBeTCTBME IPUHONIIAM 3TUKHU. VccienoBaHue BINOTHEHO B COOTBETCTBUM C MPUHIMIAMM XeTbCUHKCKON IeKaapauun. Petpo-
CTIIEKTUBHBI XapaKTep UCCIeNOBAHMSI C MCIIOIb30BaHMEM aHOHMMM3MPOBAHHBIX JaHHbIX He TPeGOBas JOMOJHUTENILHOTO OBOGPEeHNUs
JIOKAJIbHOTO 3TUYECKOro KomuTeta. [Ipy mepBuyHOM 0GpallleH!M BCe MalyeHThbl MOAMMCcaI MHPOPMIPOBaHHOE coriacue Ha 06paboTKy
MePCOHAIbHBIX TaHHbIX.

JocTyn K JaHHBIM MCC/IefOBaHus. [[aHHbIe, MOATBEPsKAAIOIIME BEIBOIbI 3TOTO VICCIELOBAHNMS, MOXKHO TIOJTYYUTh Y aBTOPOB 0 060CHO-
BaHHOMY 3anpocy. [laHHbIe ¥ CTAaTUCTUYECKME METO/bI, PN CTaBIeHHbIE B CTaThe, MPOLLUIY CTATUCTUIECKOE PELIeH3MPOBAHME PEJaKTO-
POM 3KypHasa — cepTUdUIMPOBAHHBIM CITELUAIICTOM IO OGMOCTATUCTUKE.

KoHuKT MHTEpecoB. ABTODBI 3asIBIISIOT 06 OTCYTCTBUM KOH(MIMKTA MHTEPECOB.

dunancupoBaHue. lccienoBaHme He MMEIO CIIOHCOPCKON MOAIEPKKY (COOCTBEHHbIE PECYPCHI).
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HOJ PYKOTIMCH.
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Abbreviations:

ASCVD - atherosclerotic cardiovascular disease
BCA - brachiocephalic arteries

CACS - coronary artery calcium score

CAD - coronary artery disease

HDL-C - high-density lipoprotein cholesterol

LDL-C - low-density lipoprotein cholesterol
LEA - lower extremity arteries

Lp(a) - lipoprotein (a)

TC - total cholesterol

TG - triglycerides

HIGHLIGHTS

In routine clinical practice, the prevalence of extremely high lipoprotein (a) > 180 mg/dL among more than 100,000 outpatients is 1.09%.

As early as the 25-44 age range, a notable proportion of patients with lipoprotein (a) > 180 mg/dL have documented atherosclerotic
cardiovascular disease, with the prevalence rising substantially in older age groups.

Among patients without clinically documented atherosclerotic cardiovascular disease, a high frequency of subclinical and often multifocal
atherosclerosis is observed, with onset already in young adulthood and a pronounced age-related gradient of severity.

Extremely high lipoprotein (a) levels are associated with an atherogenic lipid profile, underscoring the very high lifetime risk of
atherosclerotic cardiovascular disease in this patient population.

These findings support the use of a lipoprotein (a) cut-off of > 180 mg/dL as a practical criterion for identifying a priority group of patients
warranting comprehensive multi-bed vascular assessment, risk re-stratification, and intensification of preventive measures.

Lipoprotein (a) (Lp(a)) is a genetically determined
risk factor for atherosclerotic cardiovascular disease
(ASCVD). Plasma Lp(a) concentration is largely

common inherited dyslipidemias [1]. Current clinical
guidelines and consensus statements recommend a one-
time measurement of Lp(a) in every adult. In real-world

genetically determined, reaches stable values in early
childhood, and remains essentially constant throughout
life.

Elevated Lp(a) is detected in approximately 20% of
the general population and represents one of the most

practice, however, the testing rate remains very low
(less than 1%) and does not reflect the epidemiological
importance of this risk factor [2-5].

Particular clinical interest is drawn to patients
with Lp(a) > 180 mg/dL (>430 nmol/L), which
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corresponds to approximately the 99" percentile
of the population distribution and affects roughly
1% of the population (about 1 in 100 individuals) -
nearly three times more frequently than heterozygous
familial hypercholesterolemia (around 1:313) [6, T7].
In terms of prognostic significance for cardiovascular
outcomes, extremely high Lp(a) is comparable to
classical forms of inherited dyslipidemia, primarily
familial hypercholesterolemia. Despite this, patients
with extremely high Lp(a) remain underrepresented in
clinical research and, in particular, poorly characterized
in routine clinical settings, including with respect
to detection rates, clinical and demographic profile,
ASCVD burden, and the specifics of preventive and
therapeutic strategies.

Epidemiological and genetic studies show that as
Lp(a) levels rise, the risk of ASCVD progressively
increases, the spectrum of associated vascular lesions
broadens, and a pan-vascular pattern of involvement
emerges. In a large population-based study, Lp(a)
above the 95th percentile (3120 mg/dL) was associated
with an almost 4-fold increase in the risk of a first
myocardial infarction [8]. In another large prospective
study, Lp(a) values above the 99th percentile (>143 mg/
dL) were associated with a 2- to 3-fold increase in the
risk of peripheral artery disease and abdominal aortic
aneurysm [9].

A pooled analysis of Danish cohorts demonstrated
that Lp(a) above the 95" percentile (>90 mg/dL) was
associated with an almost 3-fold increase in the risk of
degenerative aortic stenosis [10], and a 30-year follow-
up of initially healthy women revealed significant
associations between high Lp(a) concentrations and the
risk of ischemic stroke and cardiovascular mortality [11].

Together, these data emphasize that -early
identification of elevated Lp(a) is critically important
not only in the context of coronary risk, but also with
respect to a broader spectrum of vascular outcomes.
Despite this, the real-world healthcare system still lacks
a unified approach to the identification, evaluation and
management of patients with extremely high Lp(a):
testing is performed sporadically, referral pathways and
the scope of additional work-up remain heterogeneous,
and subclinical stages of atherosclerosis often go
unrecognized despite their high prevalence. At the same
time, this very category of patients is potentially highly
amenable to proactive management through earlier and
more intensive correction of modifiable risk factors and,
in the longer term, the introduction of Lp(a)-targeted
therapy.

In this context, organized screening programs become
particularly important. Beginning in 2026, the Russian
Federation’s medical examination (dispanserization)
program includes a one-time laboratory measurement

of Lp(a) in individuals aged 18-40 years!. Indications
for testing include a family history of cardiovascular
disease, early-onset myocardial infarction or stroke, and
a high cardiovascular risk despite normal low-density
lipoprotein cholesterol (LDL-C). Patients with elevated
Lp(a), particularly those with extreme values, require
subsequent follow-up and the application of personalized
diagnostic and preventive algorithms.

The aim of the study was to provide a comprehensive
evaluation of the lipid profile and the prevalence and
pattern of clinical and subclinical atherosclerosis across
several vascular beds in patients with extremely high
Lp(a) > 180 mg/dL, and to determine its relevance for
cardiovascular risk stratification.

MATERIALS AND METHODS

A retrospective analysis of real-world clinical data
was performed. Electronic medical records of patients
undergoing outpatient evaluation at the MEDSI Group
clinics (Moscow and the Moscow Region) between
January 5, 2022, and May 29, 2025 were reviewed.
Prior to analysis, all personal data were anonymized
in accordance with current legislation and internal
regulations on the protection of medical information.

The source database comprised 101,078 patients
in whom Lp(a) had been measured as part of routine
clinical practice. From this sample, patients with Lp(a) >
180 mg/dL and available lipid profile parameters - total
cholesterol (TC), LDL-C, high-density lipoprotein
cholesterol (HDL-C) and triglycerides (TG) - were
selected. The final study cohort consisted of 1105 patients
(1.09% of the total database) who were not receiving
therapeutic apheresis.

Demographic variables included age and sex.
Patients were stratified by age according to the following
categories: under 18 years - children and adolescents;
18-24 vyears - young adults; 25-44 vyears - early
adulthood; 45-59 years - middle age; 60-74 years -
older age; and 75 years and over - advanced age.

History of myocardial infarction or ischemic stroke,
coronary interventions (coronary stenting, coronary
artery bypass grafting), the presence of coronary artery
disease (CAD), as well as ASCVD risk factors (arterial
hypertension, type 2 diabetes mellitus, smoking) were
recorded on the basis of the documented diagnosis in the
medical record.

A positive family history was recorded when there was
documentation of CAD, stroke or hypercholesterolemia
in first-degree relatives.

Laboratory analyses were performed in the certified
laboratory of the MEDSI Group network in accordance
with internal quality control standards and participation
in an external quality assessment scheme (EQAYS).
Venous blood was collected after an overnight fast. Lp(a)

! Decree of the Government of the Russian Federation No. 2188 of 29 December 2025 “On the Program of State Guarantees of Free Provision of
Medical Care for 2026 and the planning period of 2027 and 2028”. https://dgp69.mos.ru/public/docs/legaldoc/pprf-29-12-2025-2188.pdf (access

date: 09.02.2026).
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was measured by an immunoturbidimetric method with
latex enhancement using monospecific antibodies to
apolipoprotein (a) on a Beckman Coulter DxC 700 AU
automated biochemistry analyzer (Beckman Coulter,
USA). Lipid profile parameters were measured on the
same analyzer using standard enzymatic-colorimetric
and immunonephelometric methods.

Atherosclerotic involvement of three vascular beds
was assessed by duplex ultrasound of the brachiocephalic
arteries (BCA) and lower extremity arteries (LEA), as
well as by non-contrast computed tomography with
calculation of the coronary artery calcium score (CACS)
by the Agatston method on a SOMATOM Definition AS
scanner (Siemens Healthineers, Germany). For the BCA
and LEA, the presence of atherosclerotic plaques and the
maximum degree of stenosis according to the European
Carotid Surgery Trial (ECST) criteria were recorded.
CACS values were classified as 0, 1-10, 11-100, 101-
399 and > 400 units [3].

Data on the assessment of vascular beds (BCA, LEA,
CACS) were available for 69.8% of patients (n = 771).
One vascular bed had been imaged in 30.8% of patients
(n = 340), two in 32.9% (n = 363), whereas evaluation of
all three vascular beds had been performed in only 6.2%
of patients (n = 68).

Statistical analysis

Normality of continuous variables was assessed
using the Kolmogorov-Smirnov test with Lilliefors
correction. Normally distributed continuous variables
were summarized as mean and standard deviation (M *
SD), and non-normally distributed variables as median
and interquartile range (Me [Q25; Q75]).

Categorical variables were presented as absolute (n)
and relative (%) frequencies. Comparisons of continuous
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FIG. 1. Age and sex distribution of patients with extremely
high lipoprotein (a) (n = 1105).
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variables among three or more groups were performed
usingthenon-parametric Kruskal-Wallistest (H-statistic),
with post-hoc pairwise comparisons performed using
the Dunn test with Bonferroni correction. Comparisons
of categorical variables among groups were performed
using the Pearson y* test. A two-sided p-value of < 0.05
was considered statistically significant.

Statistical analysis was performed using MedStat.
Pro, version 0.8.1 (School of Medical Statistics, Moscow,
Russia)?.

RESULTS

Baseline patient characteristics

Women predominated in the study cohort: 67.2%
(n = 743) versus 32.8% men (n = 362), corresponding to
a sex ratio of approximately 2:1.

Patient age ranged from 6 to 94 years, with a mean of
52.74 + 14.59 years. The bulk of the cohort consisted of
patients of working age and early older age.

The age and sex distribution is presented in Figure 1.
In the under-18 group, women accounted for 58.3%, and
in the 18-24 age group, all eight patients were women.
Among patients aged 25-44 years, women accounted for
53.3%, rising to 68.5% in the 45-59 age group and to
74.6% in the 60-74 age group. The highest proportion of
women was observed in patients aged 75 years and over,
where it reached 88.6%.

History of cardiovascular events

The cohort was heterogeneous: 779 patients (70.5%)
had no history of documented ASCVD, whereas 326
(29.5%) had documented ASCVD. The proportion of
patients with such events was 10.3% in those aged 25-44
years and rose progressively in older age groups, reaching
67.1% in patients aged 75 years and over (Fig. 2).

3507 m withour ASCVD 288

With ASCVD
300
2504 P00
2001
134
150
100
53
50 1 26
11
;Lo |8

<18 18 24 25 44 45 59 60 74 >75
Age group, years

Number of patients

FIG. 2. Distribution of patients with extremely high lipoprotein
(a) by history of atherosclerotic cardiovascular disease (n = 1105).

Note: ASCVD - atherosclerotic cardiovascular disease.

2 MedStat.Pro: web application for statistical analysis of medical data [computer software]. Version 0.8.1. Russian software registration certificate
No. 2025688091 dated 16 October 2025. Moscow; 2026. https://app.medstat.pro (access date: 15.02.2026).
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Of the documented ASCVD events, myocardial
infarction was the most frequent: its prevalence
increased approximately 10-fold when comparing
patients aged 25-44 years with those aged 75 years
and over. With increasing age, statistically significant
increases were also observed for CAD, prior coronary
interventions, type 2 diabetes mellitus and arterial
hypertension. Already in the youngest adult group (25—
44 years), CAD was present in 7.2% of patients, type
2 diabetes mellitus in 6.5%, arterial hypertension in
44.2%, and smoking in 38.9%; coronary artery bypass
grafting had been performed in one patient. With
advancing age, the frequency of CAD and myocardial
revascularization rose further. The trajectory of
ischemic stroke was similar: its prevalence increased
approximately seven-fold in the oldest as compared
with the youngest patients (Table 1).

A family history of CAD, stroke and
hypercholesterolemia, by contrast, was more frequently
reported by patients in younger and middle-aged groups,
with a downward trend in older age groups.

Lipid profile

Lp(a) concentration remained relatively stable across
age groups, although between-group differences were
statistically significant (p < 0.001). A modest increase
in mean values was observed in the 45-59 and 60-74
age groups, but it did not give rise to clinically distinct
subgroups. In patients aged 75 years and over, Lp(a)
levels remained comparable to those in younger age
groups (Table 2).

Analysis of the distribution of Lp(a) values showed
that older age groups were characterized not by a
shift in central tendency, but by greater variability
driven by the appearance of isolated extreme values
(Supplementary materials on the journal’s website
https://doi.org/10.47093/2218-7332.2026.17.1.4-17-
annex). At the same time, baseline Lp(a) levels remained
consistently high regardless of age, in keeping with the
genetically determined nature of this trait.

Most patients had elevated TC and LDL-C levels,
reflecting a markedly atherogenic background in the
study cohort (Table 2). The highest TC and LDL-C
levels were observed in patients aged 25-59 years, with
an upward trend already apparent from the 18-24 age
group. In older age groups (60 years), TC and LDL-C
tended to decline relative to the 25-59-year peak,
although values remained elevated.

TG concentrations showed a moderate increase
predominantly in the 25-59 age range, followed
by a decline in older age groups. HDL-C remained
relatively stable across age subgroups, with only modest
differences that were not statistically significant in
pairwise comparisons.

Prevalence and severity of atherosclerotic

involvement across vascular beds

Brachiocephalic artery involvement

Duplex ultrasound of the BCA was available for
66.2% (n = T731) of patients. Moderate stenoses (20—
34%) predominated and were identified in 67.9% of
patients. Mild stenoses (< 20%) were much less common

Table 1. History of atherosclerotic cardiovascular disease in patients with extremely high lipoprotein (a) by age groups

Age group
History <18 18-24 25-44 45-59 60-74 275 p-value
(n=12) (n=8) (n=321) (n=394) (n=291) (n=79)
Diseases:
myocardial infarction 0 (0) 0 (0) 11(3.4) 65(16.5)  75(25.8) 27(34.2) <0.001
ischemic stroke 1(8.3) 0 (0) 6(1.9) 18 (4.6) 18 (6.2) 12 (15.2) <0.001
CAD 0 (0) 0(0) 23(7.2)  87(22.1) 115(39.5) 47(59.5)  <0.001
Interventions:
coronary stenting 0(0) 0(0) 0(0) 14 (3.6) 19 (6.6) 9(11.4) <0.001
CABG 0(0) 0 (0) 1(0.3) 5(1.3) 11(3.8) 2(2.5) 0.032
Risk factors:
type 2 diabetes mellitus 0(0) 0(0) 21 (6.5) 63(16.0) 50(17.2)  29(36.7) <0.001
arterial hypertension 1(8.3) 0(0) 142 (44.2) 281(71.5) 220(75.6) 65(82.3) <0.001
smoking 0(0) 0(0) 125(38.9) 162 (41.4) 107(36.9) 15(19.0)  <0.001
Conditions in FDR:
CAD 0 (0) 1(12.5)  50(15.6)  80(20.3)  28(9.6) 4(5.1) <0.001
ischemic stroke 0(0) 0 (0) 37(11.5)  61(15.5) 25 (8.6) 3(3.8) <0.001
hypercholesterolemia 0 (0) 1(12.5) 23(7.2) 22 (5.6) 6(2.1) 1(1.3) 0.023

Notes: data are presented as the absolute number of patients with the characteristic and the proportion within the group, expressed as a

percentage (in parentheses).

CABG - coronary artery bypass grafting; CAD — coronary artery disease; FDR - first-degree relatives.
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Table 2. Lipid profile in patients with extremely high lipoprotein (a) by age groups

Age group
Parameter <18 18-24 25-44 45-59 60-74 275 p-value
(n=12) (n=8) (n=321) (n = 394) (n=291) (n=79)

Lp(a), mg/dL 198.92+18.98 205.38 +40.17 204.45+29.92°¢ 214.71 +45.65 219.07 +48.74 210.91+37.74  <0.001
TC, mmol/L 5.52+£0.85*¢  6.31+1.26 6.91 £ 1.28¢ 7.02 £1.49¢ 6.75+2.01¢ 5.59 +1.48 <0.001
TG, mmol/L 0.96 +0.31° 0.87 £0.32 1.48 +0.76° 1.7240.97 1.66+0.83 1.45+0.48 <0.001
HDL-C, mmol/L 1.50 £ 0.52 1.78£0.27 1.6110.38 1.68 £ 0.40 1.68 £ 0.45 1.5510.34 0.022
LDL-C, mmol/L 3.38+0.60** 3.93+0.94 442 +0.95 446+1.10¢  4.29+1.39¢ 3.39+1.16 <0.001

Notes: superscript letters indicate statistically significant differences in post-hoc pairwise comparisons (Dunn test with Bonferroni correction):
ap <0.05vs. 25-44 group; ® p < 0.05 vs. 45-59 group; ° p < 0.05 vs. 60-74 group; ¢ p < 0.01 vs. > 75 group.
HDL-C - high-density lipoprotein cholesterol; LDL-C - low-density lipoprotein cholesterol; Lp(a) - lipoprotein (a); TC - total cholesterol; TG -

triglycerides.

Table 3. Distribution of patients with extremely high lipoprotein (a) by the degree of brachiocephalic artery stenosis across
age groups (n = 731)

Age group
BCA stenosis 18-24 25-44 45-59 60-74 275 p-value
(n=2) (n = 175) (n = 295) (n = 205) (n = 54)

<20% 2 (100) 49 (28.0) 26 (8.8) 8(3.9) 0(0)
20-25% 0 (0) 91 (52.0) 160 (54.2) 63 (30.7) 11 (20.4)
26-34% 0(0) 26 (14.9) 72 (24.4) 63 (30.7) 11 (20.4) <0.001
35-49% 0(0) 5(2.9) 26 (8.8) 33(16.1) 10 (18.5) '
50-55% 0(0) 0(0) 5(1.7) 16 (7.8) 12 (22.2)
>55% 0 (0) 4(2.3) 6 (2.0) 22(10.7) 10 (18.5)

Notes: data are presented as the absolute number of patients with the characteristic and the proportion within the group, expressed as a
percentage (in parentheses). Pearson ¥ test was used for comparisons.

BCA - brachiocephalic arteries.

(11.6%), whereas hemodynamically significant stenoses
(>55%) were detected in 5.7% (Table 3).

Already in the 25-44 age group, atherosclerotic
involvement of the BCA (stenosis > 20%) was present in
the majority of evaluated patients (72.0%). In the 45-59
age group the prevalence of stenosis rose to 91.2%, in
patients aged 60-74 years it reached 96.1%, and among
patients aged >75 years atherosclerotic involvement
of the BCA was detected in 100% of those evaluated
(Table 3).

In the 25-59 age groups, mild and moderate forms
of atherosclerosis (predominantly BCA stenoses of up
to 35%) predominated, whereas more advanced lesions
were relatively uncommon. With increasing age, the
distribution shifted progressively toward more severe
stenoses. The proportion of stenoses of >35% rose
substantially in the 60-74 age group, and patients aged
> 75 years showed an accumulation of hemodynamically
significant stenoses (>55%) together with a reduction in
minimal lesions (p < 0.001).

Lower extremity artery involvement

Duplex ultrasound of the LEA was available for
36.8% (n = 407) of patients. In the 25-44 age group,
atherosclerotic involvement of the LEA (stenosis > 20%)
was present in 74.8% of those evaluated. In the 45-59

CEYEHOBCKWM BECTHUK T. 17, Ne 1, 2026 / SECHENOV MEDICAL JOURNAL VOL. 17, No. 1, 2026

age group the prevalence of LEA stenosis was 87.2%, in
patients aged 60-74 years it reached 96.5%, and among
patients aged > 75 years atherosclerotic changes were
detected in 100% of those evaluated (Table 4).

The age-related progression of atherosclerotic LEA
involvement mirrored that observed in the BCA, with
mild and moderate stenoses predominating in the 25-59
age groups and a rising proportion of hemodynamically
significant stenoses in patients aged > 60 years.

Coronary artery involvement

CACS was assessed in 11.9% (n = 132) of patients.
Coronary calcification (CACS > 0) was detected in
50.0% (n = 66) of those examined, with its prevalence
increasing with age. In the 25-44 age group, CACS > 0
was identified in 19.4% of patients; in the 45-59 age
group, in 39.5%; in patients aged 60-74 years, in 59.1%;
and among those aged >75 years, coronary calcification
was present in 100% of those evaluated (Table 5).

In the 25-44 age group, only isolated cases of
moderate or severe coronary calcification were observed.
In the 45-59 age group, the proportion of patients with
CACS values of 11-100 and 101-399 rose substantially,
and in older age groups the distribution shifted markedly
toward an increased frequency of severe and very severe
coronary calcification.
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Table 4. Distribution of patients with extremely high lipoprotein (a) by the degree of lower extremity artery stenosis across
age groups (n = 407)

Age group
LEA stenosis 18-24 25-44 45-59 60-74 275 p-value
(n=1) (n=103) (n=156) (n=114) (n=33)

<20% 1(100) 26 (25.2) 20 (12.8) 4 (3.5) 0(0)
20-25% 0(0) 54 (52.4) 88 (56.4) 48 (42.1) 7(21.2)
26-34% 0(0) 20(19.4) 35(22.4) 29 (25.4) 6(18.2) <0.001
35-49% 0(0) 3(2.9) 8 (5.1) 13 (11.4) 8(24.2) '
50-55% 0(0) 0(0) 0(0) 10(8.8) 4(12.1)
>55% 0(0) 0(0) 5(3.2) 10 (8.8) 8(24.2)

Notes: data are presented as the absolute number of patients with the characteristic and the proportion within the group, expressed as a
percentage (in parentheses). Pearson 2 test was used for comparisons.

LEA - lower extremity arteries.

Table 5. Distribution of patients with extremely high lipoprotein (a) by coronary artery calcium score across age groups

(n=132)
Age group
CACS 25-44 45-59 60-74 275 p-value
(n = 36) (n=43) (n = 44) (n=9)
0 units 27 (75.0) 24 (55.8) 15(34.1) 0(0)
1-10 units 4(11.1) 7 (16.3) 7(15.9) 0(0)
11-100 units 2 (5.6) 8 (18.6) 8(18.2) 4 (44.4) <0.001
101-399 units 3(8.3) 3(7.0) 8(18.2) 4(44.4)
2400 units 0 (0) 1(2.3) 6 (13.6) 1(11.1)

Notes: data are presented as the absolute number of patients with the characteristic and the proportion within the group, expressed as a
percentage (in parentheses). Pearson 2 test was used for comparisons.

CACS - coronary artery calcium score.

Three-vessel-bed involvement

Data on the assessment of all three vascular beds
were available in 6.2% of patients (n = 68) from
the age groups 25 years and older. Analysis of this
subgroup showed that no signs of atherosclerosis
were detected in only 2.9% (n = 2) of patients. Single-
bed involvement was observed in 7.4% (n = 5) and
two-bed involvement in 36.8% (n = 25), whereas
more than half of the patients (52.9%, n = 36) had
atherosclerotic involvement of all three evaluated
vascular beds. The distribution of patients by the
number of affected vascular beds across age groups
is shown in Figure 3.

Combined involvement of multiple vascular
beds showed a clear age-dependent pattern. In the
25-44 age group, the majority of patients evaluated
(60.0%) had two- or three-bed involvement, and
only 13.3% had no affected beds. In the 45-59 and
60-74 age groups, the proportion of patients with
three-bed involvement increased progressively
(40.0% and 76.9%, respectively), and by the age
of >75 vyears, combined involvement of all three
vascular beds was observed in 100% of patients
(p < 0.001).

Vascular involvement according to the presence
or absence of atherosclerotic cardiovascular
disease

Among the 731 patients for whom vascular bed
imaging data were available, 65.0% (n = 475) had no
history of ASCVD, whereas 35.0% (n = 256) had
documented ASCVD.

Among patients without ASCVD, atherosclerotic
involvement of the BCA was detected in 85.9% of cases
(408 of 475 patients evaluated), LEA involvement in
82.6% (209 of 253), and coronary calcification in 37.1%
(33 of 89).

By comparison, the frequency of imaging-
detected vascular involvement was predictably higher
among patients with documented ASCVD: BCA
stenosis - 98.1%, LEA stenosis - 98.1%, and coronary
calcification - 76.7% (p < 0.001 for all comparisons)
(Fig. 4).

DISCUSSION

The present study characterizes one of the least
well-described categories of patients in routine clinical
practice - individuals with extremely high Lp(a)
(>180 mg/dL).
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FIG. 3. Distribution of patients with extremely high lipoprotein
(a) by the number of affected vascular beds (n = 68).

The study cohort comprised 1105 patients, accounting
for 1.09% of the source database, which is consistent
with international population estimates: in a large US
registry of more than 500,000 individuals, an Lp(a) level
of 2180 mg/dL corresponded to the 99th percentile of
the distribution [12]. In an Israeli study of approximately
4000 patients, the prevalence of extremely high Lp(a)
was 1.3% [13].

Notably, 29.5% of patients in our cohort had a history
of ASCVD. By comparison, in the ESSE-RF study
the prevalence of CAD among Russian adults aged
25-64 years was 5.7% [14], and the general population
prevalence of CAD in the Russian Federation did not
exceed 13.5% [15]. Thus, the frequency of ASCVD in the
study cohort substantially exceeds population estimates,
indirectly supporting an independent contribution of
extremely high Lp(a) to an unfavorable cardiovascular
prognosis.

At the national level, data from ESSE-RF show
a pronounced right-skewed distribution of Lp(a) and
a substantial proportion of individuals with elevated
values, with an increase in ASCVD risk already apparent
at Lp(a) > 9 mg/dL [6]. Within this context, the Lp(a) >
180 mg/dL group represents the most extreme segment of
the population, with a very high lifetime risk. The clinical
importance of this range is underscored by Russian
registry data: in the REGION-MI study, Lp(a) > 180 mg/
dL was detected in approximately 1 in 10 patients with
myocardial infarction [16]. This emphasizes that extreme
Lp(a) values are not a rarity but a practical concern for
timely prevention and onward referral.

The lipid profile in our cohort was characterized
by a combination of severe hypercholesterolemia and
age-related changes in atherogenic lipid fractions.
This phenotype is consistent with Russian population
observations, in which Lp(a) showed positive
associations with TC, LDL-C, and the apoB/apoA-I ratio
[17]. This in part implies the presence of a modifiable
risk layer (LDL-C/apoB) overlying the non-modifiable
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FIG. 4. Frequency of atherosclerotic vascular bed involvement
in patients with and without documented atherosclerotic
cardiovascular disease.

Notes: Pearson ¥? test was used for comparisons.
ASCVD - atherosclerotic cardiovascular disease; BCA -
brachiocephalic arteries; LEA — lower extremity arteries.

Lp(a) component, making this population potentially
manageable when treatment is intensified in a timely
manner.

Interpretation of LDL-C in individuals with very
high Lp(a) requires caution: a portion of measured or
calculated LDL-C may reflect cholesterol carried by
Lp(a) particles, while approaches to correcting LDL-C
for Lp(a)-cholesterol are not yet standardized [2]. In
practical terms, this means that even with only moderately
elevated LDL-C, a patient with Lp(a) > 180 mg/dL may
retain a very high lifetime risk and may require more
aggressive correction of risk factors than predicted by
traditional risk scores.

It is worth noting that in real-world practice, even
in patients with extremely high Lp(a), lipid-lowering
therapy is often suboptimally intensified, and LDL-C
targets are achieved in only a fraction of patients.

In the cross-sectional study by B. Zafrir et al. [13],
only 33% of patients with Lp(a) > 430 nmol/L. and CAD
were receiving combination therapy with a statin and
ezetimibe, and only 36% of those achieved an LDL-C
target of < 55 mg/dL. At the same time, the prevalence of
myocardial infarction (47.2% vs. 18.9%), CAD (62.3%
vs. 28.3%), and peripheral artery disease and stroke
(22.6% vs. 11.3%) was substantially higher in patients
with Lp(a) > 430 nmol/L. compared with those with
values < 72 nmol/L [13].

Against this background, patients with extremely high
Lp(a) represent a priority population both for classical
LDL-C-lowering interventions and for the prospective
introduction of Lp(a)-targeted therapy, which has
demonstrated pronounced reductions in Lp(a) in early-
phase clinical trials [18]. At present, the only available
method of substantially lowering elevated Lp(a) levels
is Lp(a) apheresis, used for secondary prevention when
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maximally tolerated lipid-lowering therapy proves
insufficient [19].

Our data show relative age-related stability of Lp(a)
within the extreme range, consistent with the concept
of early detection - including a one-time, lifetime
measurement - followed by risk-based referral and
follow-up [4].

A high prevalence of multifocal atherosclerosis was
observed in the study cohort. This finding is consistent
with data from the largest contemporary population-
based analysis from China by S. Man et al. [20], which
included approximately 2.9 million adults and showed
that elevated Lp(a) was associated with subclinical
atherosclerosis, with the effect being more pronounced
for severe and multi-site involvement; the authors
explicitly emphasize the need for comprehensive
assessment of subclinical atherosclerosis in individuals
with elevated Lp(a).

It should be emphasized that, in our study, full
assessment of all three vascular beds was performed
in only a limited number of patients, reflecting the
systematic real-world under-evaluation of multifocal
involvement. This in itself is an argument in favor of a
standardized management algorithm for patients with
extreme Lp(a) values, as an essential prerequisite for
accurate risk re-stratification.

Our findings indicate an early onset, high
prevalence and age-dependent nature of the
atherosclerotic process in the study cohort. Additional
support comes from the ESSE-RF sub-study
ATEROGEN-Ivanovo [21], in which the prevalence
of at least one atherosclerotic plaque in the carotid or
femoral arteries among individuals aged 40-67 years
was 73.6%, with plaques being detected as early as
the age of 40 years. Comparable findings have been
reported in the PESA study [22]: among more than
4000 asymptomatic individuals aged 40-54 vyears,
subclinical atherosclerosis was identified in 63%
of participants. Although Lp(a) was not assessed in
those studies, they demonstrate a high prevalence
of subclinical atherosclerosis in the working-age
population and indirectly support the hypothesis of
an earlier and more severe multifocal atherosclerotic
phenotype in individuals with Lp(a) > 180 mg/dL.

In our cohort, coronary artery calcium screening in
patients with extremely high Lp(a) reveals a clear age-
related gradient not only in the frequency but also in the
severity of coronary atherosclerosis. This supports the
clinical value of CACS as a tool for refining individual
cardiovascular risk assessment in this patient population.
Further support for this approach comes from a pooled
analysis of a multi-ethnic cohort, in which Lp(a) and
CACS showed independent and additive effects on
ASCVD risk, with the combination of CACS > 100
units and the top Lp(a) quintile being associated with an

almost 5-fold increase in risk [23]. Thus, the combined
assessment of these two markers identifies the highest-
risk subgroups and helps to refine strategic decisions in
primary prevention.

These findings, consistent with international
observations, support the need for a standardized
approach to identifying patients with extremely high
Lp(a), with subsequent implementation of preventive
programs and a system of follow-up. In particular, the
Brussels International Declaration on Lp(a) Testing and
Management calls for the integration of Lp(a) screening
and patient referral into national cardiovascular health
strategies, including a one-time, lifetime measurement in
every adult [24]. In the United States, systemic initiatives
are being implemented to improve detection of high-risk
groups - for example, the FIND-Lp(a) project, which
is developing a machine-learning model to analyze
electronic medical records, identify individuals with
a high likelihood of elevated Lp(a), and refer them for
confirmatory laboratory testing®.

Limitations and directions for future research

Our study is a single-center retrospective analysis,
which limits the generalizability of the findings and
precludes strict causal inferences. In addition, only
patients with extremely high Lp(a) were included, and
a complete assessment of all three vascular beds was
performed only in a subset of patients, which may lead
to an underestimation of the prevalence of multifocal
atherosclerosis and complicate the extrapolation of
these findings to patients with less marked Lp(a)
elevations.

Promising directions for future research include
large prospective studies with long-term follow-up
of clinical outcomes in patients with extremely high
Lp(a) and multifocal subclinical atherosclerosis, as
well as the comparison of different screening and risk
re-stratification algorithms incorporating Lp(a), CACS
and vascular imaging. In addition, interventional trials
of Lp(a)-targeted therapy with assessment of effects on
subclinical atherosclerosis and cardiovascular events
are warranted, as are efforts to standardize Lp(a)
measurement and refine risk thresholds.

CONCLUSION

Patients with extremely high Lp(a) (3180 mg/dL)
constitute a phenotype with very high lifetime
cardiovascular risk and are characterized by early
development of subclinical atherosclerosis. Even in
young adulthood, the majority of these patients show
signs of multifocal atherosclerosis, highlighting the
limitations of traditional risk stratification approaches,
which rely primarily on age and classical risk factors.
These findings support the use of an Lp(a) threshold of
2180 mg/dL as a simple and reproducible criterion for

5 The Family Heart Foundation. FIND Lp(a). https://familyheart.org/find/find-Ipa (access date: 09.02.2026).
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identifying a priority group warranting in-depth multi-
bed vascular assessment, early risk re-stratification, and
more intensive correction of modifiable risk factors,
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Cl — confidence interval, irTD — immune-related thyroid dysfunction, MN - malignant neoplasms, PD-1/PD-L1 - programmed cell death proteln 1/
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Abstract
Aim. To assess the association between immune-related thyroid dysfunction (irTD) and overall survival or progression-
free survival in patients with malignant neoplasms receiving immune checkpoint inhibitor therapy.

Materials and methods. This multicenter prospective cohort study comprised 235 patients (156 men; mean age
approximately 60 years) with histologically or cytologically confirmed malignancies of various localizations who were
treated with programmed cell death protein 1/programmed death-ligand 1 (PD-1/PD-L1) inhibitors. Thyroid function
was assessed before the treatment and every 4 weeks thereafter. irTD was diagnosed based on standardized
biochemical and ultrasound criteria. Adverse events were graded according to CTCAE (Common Terminology Criteria
for Adverse Events). Survival was analyzed using the Kaplan-Meier method, with comparisons performed using
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the log-rank test, and univariable Cox proportional hazards models, with hazard ratios (HRs) and 95% confidence
intervals (Cls), were applied.

Results. irTD occurred in 52 patients (22.1%). In all cases, destructive thyroiditis with a transient thyrotoxic phase
followed by hypothyroidism (CTCAE grade 1-2) was observed and did not require discontinuation of immune
checkpoint inhibitors. The median time to irTD onset was 7.9 weeks. Patients with and without irTD were comparable
in terms of sex, age, disease stage, previous cancer therapy, and type of PD-1/PD-L1 inhibitors. The development of
irTD was associated with better progression-free survival (median 126.2 vs 40.0 weeks; HR 0.37; 95% Cl: 0.25-0.55;
p < 0.001) and better overall survival (211.6 vs 147.0 weeks; HR 0.43; 95% Cl: 0.25-0.73; p = 0.002).

Conclusion. In this prospective multicenter cohort study, irTD occurred in approximately one-fifth of patients treated
with PD-1/PD-L1 inhibitors, mainly during the first weeks of therapy, was generally mild, and was associated with
improved survival. These findings suggest that irTD may be considered as a potential surrogate marker of treatment
efficacy and support the need for regular monitoring of thyroid function during immunotherapy.

Keywords: thyroid gland; thyroiditis; adverse events; immune toxicity; PD-1/PD-L1 inhibitors
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A HH 0T Ly 1

Lenb. OUeHUTb accoumaLmnio Mexay pasBuTneM UMMyHoonocpeoBaHHo Tupeonatiu (MT) u nokasatensMu 06-
Lied BbIXXMBAEMOCTY U BbKMBAEMOCTU 63 NPOrpeccnpoBaHuns y nauneHToB Co 310Ka4eCTBEHHbIMI HOBOOHPA30-
BaHWSIMK, NOMYYaLOLLMX TEPANMIO UHTMOUTOPAMU KOHTPOSTbHbBIX TOYEK UMMYHHOrO OTBETA.

Matepuanbi n MmeToabl. B MHOroLeHTPOBOE NPOCNEKTUBHOE KOrOPTHOE HabMtoAaTeNlbHOe UCCNej0BaHNE BKITHO-
YeHbl 235 naumneHToB (156 MyXXUuH, cpefHniA Bo3pacT okono 60 NeT) ¢ MMCTONOTMYECKU AU LMTONOTNYECKN
NOATBEPXAEHHbIMY 3/10Ka4eCTBEHHbIMIU HOBOOOPA30BaHNAMY PA3NINYHOI NIOKannU3aLny, BNepBble HaunHaBLLNX
TEpanuio MHrMBUTOPaMK peLienTopa NPorpamMMmUpyemoit KneTouHoi rnéenun 1 v ero nuraHaa (programmed cell
death protein 1/programmed death-ligand 1, PD-1/PD-L1). ®yHKUMIO WATOBUAHOM Xenesbl OLUEHMBANN UCXOAHO
W fanee Kaxable 4 Hepenu, AT anarHocTMpOBanu No CTaHAAPTU3UPOBAHHLIM GUOXUMUYECKMM 1 YNbTPa3BYKO-
BbIM KpuTepusmM. CTeneHb TAXECTW HexenaTesbHbIX ABNEHUA Onpefensnm no wkane obLwux TepMUHOIOornye-
CKUX KpPUTEPWEB OLIEHKM HexXenaTenbHblx aBneHuii (Common Terminology Criteria for Adverse Events, CTCAE).
[TokasaTenu BbXXWBaeMOCTV aHanu3uposanu MeTogom Kannana—Meiiepa ¢ UCno/ib30BaHWEM 1I0r-PaHroBOrO Te-
CTa v oHoMaKTOpHbIX Moaeneit Kokca ¢ pacueTom oTHowleHus puckos (hazard ratio, HR) 1 95% noBepuTenbHbIX
nHTepBanos (AN).

Pesynbratbl. /T passunach y 52 nauneHTos (22,1%); BO BCEX CyYasnx OTMeYeH AECTPYKTUBHbINA TUPEOUANT C TpaH-
3WUTOPHO TUPEOTOKCUYECKOM Basoii M nocneaytoLmMM runoTupeo3om 1-2-in ctenenm no wkane CTCAE, He noTpe6o-
BaBLLUWIA OTMEHbI UHTMBUTOPOB KOHTPOJIbHBIX TOYEK MMMYHHOTO OTBeTa. MeanaHa BpemeHu [0 MaHudectauyun AT
coctaBuna 7,9 Hegenw. Fpynnbl nauneHToB ¢ UT 1 6e3 AT 6bian conocTaByMbl MO NOAY, BO3PACTY, CTaaum 3abone-
BaHWs, NPeALLECTBYOLEMY NIEYEHMIO U NPUMEHsIEMbIM UHTbTopamM PD-1/PD-L1. Pagsutne /T accounmpoBanoch
CO 3HaYMMbIM YBEINYEHNEM BbIKMBAEMOCTHN 6e3 NPOrpeccnpoBaHus (Meanana 126,2 npotus 40,0 Hepenu; HR 0,37;
95% A1 0,25-0,55; p < 0,001) n obuieit BbxusaemocTu (211,6 npotne 147,0 Hepenu; HR 0,43; 95% [N 0,25-0,73;
p=0,002).

3aknioyeHne. B npocnekTUBHOM MHOrOLEHTPOBO KoropTe T BbIABNANACh MPUMEPHO Y MATOW YacTu MauneH-
TOB, MPeVMYLLECTBEHHO B MepBble Hefeny Tepanuu, NpoTekana B BUAE NETKMX MMMYHOOMOCPeS0BaHHbIX HexXena-
TeSIbHbIX ABNEHUI U COMPOBOXAANACh YNyYLEeHUEM BbKMBAEMOCTU. ITU AaHHbIE NO3BONAKOT paccMaTpusaTb UT
KaK NoTeHUManbHbIi CypporaTHbIi Mapkep a@GeKTUBHOCTY Tepanumn uHruoutopamu PD-1/PD-L1 1 nogyepkusatoT
HE06X04MMOCTb PEryNPHOrOo MOHUTOPUHIA QYHKLWW LUMTOBUAHOW Xenesbl Npu MMMYHOTEpanuu.

KnioueBblie cnoBa: LYTOBUAHAS XKENe3a; TMPEOUANT; HexenaTeNbHble ABNEHUS; UMMYHHAs TOKCUYHOCTb; MHIMGU-
Topbl PD-1/PD-L1

Py6pukn MeSH:

HOBOOBPA30BAHMSA - NEKAPCTBEHHASA TEPATNS

NHTUBUTOPBI UMMYHHbBIX KOHTPOJIbHbBIX TOYEK = UMMYHOMOM A

NHTMBUTOPBI UMMYHHbBIX KOHTPOJIbHbBIX TOYEK — TEPAMEBTUYECKOE NMPUMEHEHUE
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HIGHLIGHTS

In a prospective multicenter cohort receiving programmed cell death protein 1/programmed death-ligand 1 inhibitors, immune-related
thyroid dysfunction is common and rarely requires treatment discontinuation.

The most typical clinical course is thyroiditis with a transient thyrotoxic phase followed by persistent hypothyroidism; no cases of Graves’
disease are observed.

The development of thyroid dysfunction is associated with improved overall survival and progression-free survival in the overall cohort.

Malignant neoplasms remain one of the leading
medical and social challenges worldwide, ranking
among the top causes of morbidity, disability, and
mortality. According to the International Agency for
Research on Cancer (IARC), approximately 20 million
new cases of malignant neoplasms (MN) and more than
9.7 million cancer-related deaths were recorded globally
in 2022 [1]. It is projected that by 2050, the number of

newly diagnosed cases may exceed 35 million, largely
due to population aging, lifestyle changes, and exposure
to environmental carcinogens [2].

A breakthrough in the systemic treatment of
malignant neoplasms has been achieved with the
introduction of immune checkpoint inhibitors (ICIs).
Unlike cytotoxic and targeted therapies, these agents
do not directly affect tumor cells but instead restore the
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ability of the immune system to recognize and eliminate
them. Monoclonal antibodies targeting programmed
cell death protein 1 (PD-1) and its ligand, programmed
death-ligand 1 (PD-L1), have demonstrated substantial
efficacy across a wide range of MN, including
both localized and metastatic disease, significantly
improving patient survival outcomes [1, 3-5].

However, by enhancing immune activation, ICIs
may also induce immune-related adverse events
(irAEs) affecting various organs and systems. Thyroid
dysfunction represents one of the most common irAEs
associated with cancer immunotherapy [6]. The most
frequent immune-related thyroid dysfunction (irTD)
is destructive thyroiditis, typically characterized by an
initial thyrotoxic phase followed by the development
of persistent hypothyroidism requiring long-term
hormone replacement therapy [7-9]. The pathogenesis
of this complication remains incompletely understood;
proposed mechanisms include immune-mediated
destruction of thyroid follicular cells, activation of
thyroid-specific autoantibodies, and cross-reactivity
between tumor antigens and thyroid tissue [10, 11].

Recent studies suggest that the development of
irAEs, including thyroid dysfunction, may be associated
with improved clinical outcomes in patients receiving
ICI therapy [12-14].

The objective of this study was to evaluate the
association between the development of irTD and
overall survival as well as progression-free survival
in patients with malignant neoplasms of various
localizations treated with ICls.

MATERIALS AND METHODS

Study design

A multicenter prospective cohort observational
study was conducted. Consecutive patients referred
for scheduled systemic anticancer therapy for solid
MN were enrolled at the following institutions:
Sechenov First Moscow State Medical University
(Sechenov University), Clinical Hospital of MEDSI
Group JSC, University Clinic of Lomonosov Moscow
State University, and multidisciplinary medical center
VitaMed LLC. Patient recruitment was carried out
between October 7, 2019, and December 27, 2024.

Sample size calculation

The sample size (n = 235) was determined at the
study planning stage. It was based on the expected
incidence of irTD of approximately 20-25%, according to
published data on PD-1/PD-L1 inhibitor therapy, with an
acceptable precision of the estimate (95% margin of error
of approximately * (5-6) percentage points). In addition,
the planned sample provided a sufficient number of events
for survival analysis: with 91 events, the study had 80%
power to detect a moderate effect size (hazard ratio of
approximately 0.5) at a two-sided significance level of 0.05.

Patient enroliment

The patient inclusion flowchart is presented in
Figure 1. A total of 258 patients were screened for
eligibility.

Inclusion criteria:

e age > 18 years;

e histologically or cytologically confirmed solid
malignant tumor requiring ICI therapy according to
clinical guidelines applicable during the study period;

e euthyroid status at baseline;

e signed informed consent for study participation.

A total of 254 patients met the inclusion criteria.

Non-inclusion criteria:

e prior treatment with ICIs (n = 4);

e history of thyroid dysfunction (n = 10);

e estimated glomerular filtration rate < 30 mL/min/
1.73 m? calculated using the CKD-EPI 2021 equation
(n=0);

e Child-Pugh class B or C liver cirrhosis (n = 0);

e psychiatric disorders (n = 0);

e amiodarone therapy (n = 0);

e pregnancy or lactation (n = 0).

Exclusion criteria:

o withdrawal of informed consent / refusal to continue
participation (n = 0);

* loss to follow-up (n = 4);

e absence of laboratory data required for analysis
(n=1).

Non-inclusion criteria were identified in 14 patients.
Five patients were excluded from the final analysis: four
due to loss to follow-up and one because of missing
laboratory data. A total of 235 patients (156 men and
79 women) who received PD-1/PD-L1 inhibitor therapy
for the first time were included in the study.

Primary disease characteristics

MN staging was performed according to the
8" edition of the TNM Classification of the American
Joint Committee on Cancer (AJCC), applicable during
the study period [15].

Diagnosis of ICI-associated thyroid dysfunction

Thyroid hormone levels were assessed at baseline,
as part of mandatory toxicity screening every 4 weeks
after initiation of ICI therapy, and additionally whenever
clinical symptoms suggestive of thyroid dysfunction
occurred. Laboratory testing was centralized and
performed at the independent laboratory INVITRO
LLC. Serum thyroid-stimulating hormone (TSH),
free thyroxine (fT4), and free triiodothyronine
(fT3) concentrations were measured using a
chemiluminescent immunoassay on the automated
Alinity i analyzer (Abbott, USA) with manufacturer-
provided reagents. Reference ranges were as follows:
TSH, 0.4-4.0 plU/mL; fT4, 9.0-19.05 pmol/L; fT3,
3.0-5.6 pmol/L.
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Patients with malignant
solid tumors

N =258
Inclusion criteria:
e age >18 years
¢ indication for ICI therapy
* euthyroid status

Non-inclusion criteria:
» * prior ICI therapy (n = 4)
* history of thyroid dysfunction (n = 10)

A 4

n =240

Received >1 dose of ICI therapy

v

Thyroid function monitoring:
» TSH, fT4, fT3

(in the presence of symptoms)

e every 4 weeks or as clinically indicated

Exclusion criteria:
¢ loss to follow-up (n = 4)
 absence of laboratory data required for
analysis (n = 1)

A 4
Included in the analysis
n =235
irTD group Non-irTD group
(n=52) (n=183)

FIG. 1. Patient enrollment flowchart.

Note: fT3 - free triiodothyronine; fT4 - free thyroxine; ICI - immune checkpoint inhibitor; irTD = immune-related thyroid dysfunction; TSH -

thyroid-stimulating hormone.

Thyroid ultrasound was performed centrally at
University Clinical Hospital No. 2 of I.M. Sechenov
First Moscow State Medical University (Sechenov
University) using a Voluson-i ultrasound system
(General Electric, USA) with a 12-MHz linear
transducer.

Hypothyroidism was diagnosed when TSH exceeded
4.0 pIU/mL in combination with normal or decreased
fT4 levels.

Thyroiditis was diagnosed in the thyrotoxic phase
when TSH was decreased with elevated or normal fT4
and/or fT3 levels, and in the hypothyroid phase when
TSH was elevated with decreased or normal fT4 and/
or fT3 levels!.

According to the
National Comprehensive

recommendations of the
Cancer Network,

destructive thyrotoxicosis was presumed when
transient thyrotoxicosis spontaneously progressed to
hypothyroidism during follow-up thyroid function
assessment [16]. To exclude Graves’ disease, the absence
of a characteristic clinical presentation (including
orbitopathy), the absence of increased intrathyroidal
vascularity on color Doppler ultrasonography, and the
absence of increased blood flow velocity in the inferior
thyroid artery >40 cm/s were additionally taken into
account.

Outcome assessment

Progression-free survival was defined as the interval
from initiation of ICI therapy to disease progression
according to RECIST (Response Evaluation Criteria
in Solid Tumors) version 1.1 criteria [17] or death

! Ministry of Health of the Russian Federation. Hypothyroidism: clinical guidelines. 2024. https://cr.minzdrav.gov.ru/view-cr/531 4 (access

date: 05.08.2025).

CEYEHOBCKWM BECTHUK T. 17, Ne 1, 2026 / SECHENOV MEDICAL JOURNAL VOL. 17, No. 1, 2026 23



INTERNAL DISEASES

from any cause, whichever occurred first. Overall
survival was defined as the interval from initiation of
ICI therapy to death from any cause or the date of last
patient contact (censored observation). Tumor response
assessment using computed tomography (CT) was
performed every 12 weeks.

The severity of irAEs was graded according to the
Common Terminology Criteria for Adverse Events
(CTCAE) [18]. Follow-up was terminated upon
progression of MN, death, or patient withdrawal from
the study.

Statistical analysis

Continuous variables were assessed for normality
using the Kolmogorov-Smirnov test. Variables with a
normal distribution are presented as mean and standard
deviation, whereas non-normally distributed variables
are presented as median and interquartile range (25th-
75th percentiles).

Categorical variables are reported as absolute counts
and percentages. Comparisons between two groups
for continuous variables with normal distribution
and homogeneity of variances were performed using
Student’s t-test. When the distribution deviated from
normality, the nonparametric Mann-Whitney U test
was applied.

Categorical variables were compared using
Pearson’s chi-square test when expected frequencies
exceeded 10; otherwise, the two-sided Fisher’s exact
test was used. Survival analysis was performed using
the Kaplan-Meier method. Differences between groups
in time to death and disease progression were assessed
using the log-rank test. Event risk was evaluated using
univariable Cox proportional hazards models with
calculation of hazard ratios (HRs) and 95% confidence
intervals (CIs). A two-sided p value <0.05 was
considered statistically significant.

Statistical analyses were performed using R software
version 4.5.1 (R Foundation for Statistical Computing,
Vienna, Austria) and StatTech version 4.6.1 (StatTech
LLC, Russia).

RESULTS

Incidence of immune-related thyroid dysfunction

During the entire follow-up period, irTD was
identified in 52 patients (22.1%). At initial presentation,
thyrotoxicosis and hypothyroidism occurred with
equal frequency (26 cases each). Graves’ disease was
excluded in all cases of thyrotoxicosis.

In all cases, thyrotoxicosis was transient and
attributable to destructive thyroiditis. In one patient,
hypothyroidism developed as part of autoimmune
polyglandular syndrome, in combination with
primary adrenal insufficiency and diabetes mellitus.
The median time to onset of immune-related thyroid

dysfunction from initiation of ICI therapy was 7.9
(6.0-9.1) weeks.

All  patients with hypothyroidism received
levothyroxine replacement therapy at doses of 75-150
ug/day, resulting in achievement and maintenance
of TSH levels within the reference range. During the
thyrotoxic phase of destructive thyroiditis, nine patients
received beta-blockers for tachycardia control.

All thyroid dysfunction events were classified
as grade 1 or 2 adverse events according to CTCAE
and did not require treatment discontinuation or dose
modification of ICI therapy.

Baseline characteristics of patients with and

without immune-related thyroid dysfunction

In both groups, the majority of patients were
men, with a mean age of approximately 60 years,
and no significant differences were observed in these
parameters. In nearly half of the patients in both
groups, the primary tumor site was the lung (42-50%).
Gastrointestinal malignancies (esophageal, gastric, and
hepatic cancers) were observed in approximately 19-
25% of patients, while cutaneous melanoma accounted
for 12-19%. More than half of the patients had stage IV
MN (Table).

No between-group differences were found regarding
prior treatment history. A substantial proportion
of patients in both groups had previously received
systemic anticancer therapy (54-66%). Prior surgery
had been performed in half of the patients in the first
group and in 40% of those in the second group. Previous
radiotherapy was reported in approximately one quarter
of patients in both groups.

Most patients in both groups received PD-1
inhibitors. The most frequently prescribed agent was
nivolumab, followed by pembrolizumab, whereas
tislelizumab was used less often. The proportion of
patients treated with PD-L1 inhibitors (atezolizumab
or avelumab) was considerably lower, accounting for
approximately 9-10% in each group.

Progression-free survival

Comparative analysis demonstrated that the
development of irTD was significantly associated
with a lower risk of disease progression compared
with patients without thyroid dysfunction. The median
progression-free survival in patients without thyroid
dysfunction was 40.0 weeks from treatment initiation
(95% CI: 34.0-50.8), whereas in patients who
developed thyroid dysfunction it was 126.2 weeks
(95% CI: 109.0-259.2).

In the univariable Cox proportional hazards model,
the presence of irTD was associated with a statistically
significant reduction in the risk of disease progression
(HR 0.37;95% CI:0.25-0.55; p < 0.001), corresponding
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Table. Baseline characteristics of patients with and without immune-related thyroid dysfunction

Variable "(Tan;‘;‘)"’ "°'2;"'=T'1’893')°“p p value

Male / female 30/22(57.7/42.3) 126 /57 (68.9 /31.1) 0.181
Age, years 60.1+12.0 60.5+11.5 0.886
Primary tumor site

lung 22 (42.3) 92 (50.3)

gastrointestinal tract 13 (25.0) 34 (18.6) 0.220

melanoma 10(19.3) 22 (12.0) '

other 7(13.5) 35(19.1)
Tumor stage

| 1(1.9) 7(3.8)

I 9(17.3) 25 (13.7)

I 13 (25.0) 35(19.1) 0.722

\ 29 (55.8) 116 (63.4)
Previous treatment

systemic anticancer therapy 28 (53.9) 120 (65.6) 0.055

surgery 26 (50.0) 73 (39.9) 0.253

radiotherapy 15(28.9) 46 (25.1) 0.719
PD-1/PD-L1 inhibitors

nivolumab 27 (51.9) 98 (53.4)

pembrolizumab 17 (32.7) 52 (28.4)

tislelizumab 3(5.8) 17 (9.3) 0.901

atezolizumab 3(5.8) 8(4.4)

avelumab 2(3.9) 8 (4.4)

Notes: quantitative variables are presented as mean with standard deviation (M + SD), categorical variables are presented as the absolute
number of patients with the characteristic and the proportion within the group, expressed as a percentage (in parentheses).
irTD - immune-related thyroid dysfunction; PD-1/PD-L1 - programmed cell death protein 1/programmed death-ligand 1.

to an approximately 2.7-fold lower relative risk of the
event (Fig. 2).

Overall survival

By the end of follow-up, 91 deaths (38.7%) had
been recorded. Comparative analysis demonstrated
a statistically significant association between the
development of irTD and a lower risk of death.

The median overall survival in patients without
thyroid dysfunction was 147.0 weeks from treatment
initiation (95% CI: 101.0-172.5), whereas in patients
who developed thyroid dysfunction it was 211.6 weeks
(95% CI: 161.1-259.2).

In the wunivariable Cox proportional hazards
model, the development of irTD was associated with
a statistically significant reduction in the risk of death
(HR 0.43;95% CI:0.25-0.73; p = 0.002), corresponding
to an approximately 2.3-fold lower relative risk of the
event.

The 1-year and 3-year overall survival rates in
the irTD group were 91.9% (95% CI: 79.9-96.9) and
69.9% (95% CI: 52.4-82.0), respectively, whereas
in patients without thyroid dysfunction they were
69.0% (95% CI: 60.6-76.0) and 43.9% (95% CI:

33.3-53.9), respectively (log-rank test, p = 0.002;

Fig. 3).

DISCUSSION

The present study, which is the first prospective

multicenter study conducted in the Russian
1.0
—— Non-irTD group
irTD group
508
=
S
Z
g 0.6
P
2
204
[}
|7
e
~02
<0001
0.0
0 12 24 36 48
Number at risk
Non-irTD group 183 77 44 21 7
irTD group 52 14 31 13 4

Time, months

FIG. 2. Kaplan-Meier curve for progression-free survival.

Note: irTD — immune-related thyroid dysfunction.
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FIG. 3. Kaplan-Meier curve for overall survival.

Note: irTD — immune-related thyroid dysfunction.

Federation, demonstrated an association between the
development of irTD and improved overall survival
as well as progression-free survival in patients
with various MN receiving PD-1/PD-L1 inhibitor
therapy.

Our findings are consistent with the meta-analysis by
Y.M. Cheung et al. [19], in which thyroid irAEs during
ICI therapy were associated with an approximately
48% lower risk of death and a 42% lower risk of
disease progression. In our cohort, the association with
progression-free survival was even more pronounced: the
presence of irTD was associated with a threefold increase
in median progression-free survival and a 63% reduction
in the risk of progression in the univariable Cox model.
In addition, 1-year and 3-year overall survival in patients
with thyroid dysfunction exceeded the corresponding
values in patients without thyroid dysfunction by 22.9
and 26 percentage points, respectively.

It should be emphasized that our study included
a heterogeneous population with different MN. In
both groups, the lung was the most common primary
tumor site, accounting for nearly half of all cases,
followed by gastrointestinal malignancies (gastric,
esophageal, and hepatic cancers), and cutaneous
melanoma. Studies by S. Ceri¢ et al. [13], M. Xiao
et al. [20], and A. Dawidowska et al. [14] in separate
cohorts of patients with non-small cell lung cancer,
gastric cancer, and melanoma, as well as several
studies including mixed cancer populations [21, 22],
have shown that the development of irAEs, including
thyroid events, is associated with improved efficacy
of ICI therapy and better survival outcomes. In
several studies, Cox models with time-dependent
covariates treating thyroid dysfunction as an event
occurring during follow-up were used to minimize
immortal time bias and confirmed the robustness of
this association [13, 23].

Taken together, these findings support the notion
that the association observed in the present study is
reproducible across different patient populations,
including both homogeneous disease-specific cohorts
and heterogeneous cancer populations. Collectively,
these data suggest that thyroid irAEs may serve as a
potential surrogate marker of PD-1/PD-L1 inhibitor
efficacy in patients with different MN. Although
the exact biological mechanisms underlying this
association remain under discussion, it has been
proposed that the development of thyroid dysfunction
reflects systemic immune activation induced by ICI
therapy. In this context, thyroid dysfunction should
not be viewed as an independent factor improving
survival, but rather as a clinical marker of a more
pronounced antitumor immune response, which may
explain its association with more favorable oncologic
outcomes [24, 25].

Immune checkpoint inhibitors are believed to disrupt
mechanisms of peripheral immune tolerance, leading
to activation of autoreactive T-cell clones, T-cell-
mediated injury of thyroid follicular epithelium, and the
development of destructive thyroiditis. The serological
profile of ICI-associated thyroid dysfunction differs
from that of classical Hashimoto thyroiditis: thyroid
autoantibodies are detected less frequently and usually
at lower titers, suggesting only partial overlap of the
immunopathogenesis with spontaneous autoimmune
thyroid disease [24, 26].

In our cohort, the overall incidence of irTD was
22.1%, which is comparable to the meta-analysis by
J. de Filette et al. [10], where thyroid dysfunction was
reported in approximately 20-30% of patients receiving
PD-1/PD-L1 inhibitors. Thyroiditis most commonly
developed within the first 8 weeks after initiation of
ICI therapy, in agreement with previous studies by
E.M. Presotto et al. [27] and R.M. Ruggeri et al. [28], in
which the mean time to onset of thyroid adverse events
was approximately 6-10 weeks.

In our cohort, the frequencies of thyrotoxic and
hypothyroid phases were comparable, reflecting
the heterogeneous clinical course of ICI-related
thyroiditis described by C.A. Muir et al. [26]. All cases
of thyrotoxicosis were transient and did not require
antithyroid drug therapy. The absence of Graves’
disease is consistent with observations by H.]. Lee et
al. [29], and ].C. Osorio et al. [11], who reported this
condition to be a very rare complication of PD-1/PD-
L1 inhibitor therapy. All thyroid dysfunction events
were classified as grade 1-2 according to CTCAE
and required neither treatment discontinuation nor
dose modification. This is in line with international
data showing that thyroid irAEs are usually mild
to moderate and rarely necessitate cessation of ICI
therapy.
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Study limitations and future directions

Survival analysis was performed in the pooled cohort
without detailed stratification by individual tumor
types; therefore, our findings do not reflect potential
differences across specific malignancies. In addition,
we deliberately did not apply more complex time-
bias adjustment methods because, given the available
number of events, such approaches could have resulted
in unstable and difficult-to-interpret estimates.

Future studies should focus on individual MN types,
include longer follow-up periods, and formally account
for time-related biases. Another promising development
is the integration of clinical, immunological, and
molecular-genetic markers to develop prognostic
models in which irTD is considered within the broader
context of the overall immune response to therapy.
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Identification
n=1959

Total participants: n = 190

Screening Population: medical students
= Intervention: ChatGPT-assisted learning
Comparator: standard teaching / expert feedback

Included o 9 oa
n=3 Outcomes: knowledge, clinical reasoning, Mini-CEX

Synthesis of evidence

Outcomes
Outcome Effect Strength of evidence
Short-term knowledge ~ flimproved Consistent (3 RCTs)
Clinical reasoning ~ tlmproved Consistent (3 RCTs)
Routine tasks (key-features performance) = Non-inferior Moderate (2 RCTs)
Complex clinical tasks 1 Inferior Consistent (2 RCTs)
Mini-CEX domains (clinical perf 1 Partially improved Limited (1 RCT)
TanFY.S., Ang L.C, Ibrahim R, et al. The influence of ChatGPT on medical student learning: 15 minutes -
a systematic review of educational outcomes and cognitive impact. Sechenov Medical Journal. H
2026; 17(1): 30—40. https://doi.org/10.47093/2218-7332.2026.17.1.30-40 to read :

Mini-CEX — Mini Clinical Evaluation Exercise, RCT — randomized controlled trial

A C't

Aim. To evaluate whether the use of ChatGPT as a supplement to usual teaching improves medical students’ short-
term knowledge, clinical reasoning, and near-term performance.

Materials and methods. We systematically searched PubMed, Scopus, ScienceDirect, SpringerLink, and Web of
Science on 25 June 2025, for studies involving medical students that evaluated ChatGPT as a supplement to teaching
and reported objective educational outcomes. Two independent reviewers screened records, extracted data, and
assessed the risk of bias. A narrative synthesis was then conducted due to the level of heterogeneity in interventions
and outcome measures across the studies.

Results. Three randomized trials conducted in Germany, Turkey, and China met the inclusion criteria. ChatGPT-
supported interventions improved or at least maintained short-term educational outcomes over the control groups
for knowledge tests, clinical reasoning, and some of the Mini-Clinical Evaluation Exercise (Mini-CEX) domains.
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Structured and immediate ChatGPT feedback improved Clinical Reasoning Indicator-History Taking Inventory scores
after a simulated patient encounter, and ChatGPT-generated explanations were not inferior to expert feedback in
overall key-features question performance but were less effective for more complex items, where expert feedback
remained superior. Overall, the risk of bias was judged to be low to some concerns, with likely unblinded Mini-CEX
assessment noted as a significant limitation.

Conclusion. ChatGPT used as a supervised adjunct to teaching showed value for short-term knowledge acquisition
and clinical reasoning development.
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BnusiHue ChatGPT Ha o6yyeHue cTyaeHTOB MeAULIMHCKUX BY30B:
cUcTeMaTU4eCKUii 0630p o6pasoBaTesibHbIX Pe3yNbTaToB
W KOFrHUTUBHOIO BO3fleMCTBUSA

®.W.111. Tan, JI.Y. Anr, P. U6paxum, M. A6ayn Mamxkua, M.A.X. Moxa Apuc, I II. Ixxopmx”™

Manaitizutickuti ynusepcumemckuti konnedxc Manunan
yn. IIrxcanan Bamy Xamnap, 0. 2, pation Bykum Bapy, Manaxka, 75150, Manatisus

PULMETTTEEE

Lenb. OueHnTb, cnocobeTByeT v ucnonb3oBaHme ChatGPT B kauecTBe AONOAHEHNS K TPaANLIOHHOMY 0ByYeHIO
YIYULLIEHWIO KPaTKOCPOYHOIO YPOBHS 3HAHWIA CTYAEHTOB-MENKOB, KIIMHNYECKOrO MbILLEHNS N GAMKaNLINX yyed-
HbIX Pe3yNbTaToB.

Marepuanbl n metogbl. 25 nioHa 2025 r. 6bin1 NPoBe/jeH CUCTEMATUYECKMIA MOUCK UCCe0BaHWiA B 6a3ax JaHHbIX
PubMed, Scopus, ScienceDirect, SpringerLink n Web of Science. B 0630p Bkntoyanuchb paboTbl C y4aCcTMEM CTY/eH-
TOB-MeMKOB, B KOTOpbIx ChatGPT ncnonb3oBancs Kak AOMONHEHME K 0BYYEHMIO 1 OLEHNBANNCH 06BEKTHBHbIE
obpa3oBaTe/ibHble pe3ynbTaThl. [lBa HE3aBUCKMbIX PELiEH3eHTa OCYLIECTBNANN 0TOOP Ny6aMKaLUiA, M3BNeYeHNe
A@HHbIX 1 OLIEHKY pUCKa CUCTEMATUYECKOi OLINGKI. B CBA3M C HEOAHOPOAHOCTHIO BMELLATENLCTB ¥ NoKasaTenei
NCX0/10B 6blIf1 BbINOHEH HAPPATUBHbIA CUHTES AaHHbIX.
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Pesynbratbl. Kputepuam BKIOYEHUS COOTBETCTBOBAN TPW PaHAOMU3MPOBAHHbIX UCCNe0BaHMUS, MPOBEAEHHbIX
B lepmaHum, Typumumn n Kutae. McnonbsoBaHue ChatGPT B 06pa3oBaTeNibHbIX BMeLIaTeNbCTBax CNOCOBCTBOBANO
YAYULWEHWO MO0 NO MEHbLLER Mepe COXPAHEHWIO KPaTKOCPOYHbIX Y4eBHbIX pe3ynbTaToB MO CPABHEHMHO C KOH-
TPONIbHbIMW TPYNNaMu B OTHOLLEHWW TECTOB 3HAHWM, KIIMHWYECKOro MbllwneHus v paga gomeHo Mini-Clinical
Evaluation Exercise (Mini-CEX). CTpyKTypupoBaHHas U HeMeaneHHas obpaTHas cBs3b C Ucnonb3oBaHuem ChatGPT
ynydwana nokadatenu Clinical Reasoning Indicator—History Taking Inventory nocne B3aumMoAencTBis ¢ CUMyImpo-
BaHHbIM NaLneHToM. O6BbSACHEHNS OTBETOB, CreHepupoBaHHble ChatGPT, He ycTynanu akcnepTHOW 06paTHON CBA3MK
no obLLemy pesynbTaTy BbINOAHEHNS 3afaHuii hopmaTta key-features, ogHako bbinv MeHee 3 GEKTUBHbI NPy peLle-
HWK 60Nee CNOXHbIX BOMPOCOB, e SKCMepTHas 06paTHas CBSA3b MMena npenmyLlecTBo. O6LMiA puck cuctemaTy-
YecKOii OLIMOKM BblN OLIEHEH Kak HU3KWIA MW BbI3bIBAOLMIA HEKOTOPbIE ONACEeHNS; CyLLLECTBEHHBIM OrpaHNYeHNEM
ABNIANACh BEPOSITHAdA HeocenneHHasa oueHka Mini-CEX.

3akntouenme. VicnonbsosaHue ChatGPT B kayecTBe KOHTPOAMPYEMOrO JONOSHUTENBHOMO MHCTPYMEHTa 06y4eHNs
NPOAEMOHCTPUPOBaN0 dQMEKTUBHOCTb B OTHOLIEHUW KPATKOCPOYHOTO YCBOEHWS 3HAHUI 1 HOPMUPOBAHNS KINHY-
YECKOro MblLLNEeHNS.

KnioueBble cnoBa: VICKYCCTBEHHbI VHTENNEKT; JOAUNIOMHAS NOArOTOBKA Bpayeli; MeanuUmHCKoe 06pa3oBaHue;
KJIMHUYECKOE MbILUNEHVE; NPOBAEMHO-OPUEHTUPOBAHHOE 06YyYeHNE; 0bpa3oBaTebHble MHHOBALMN

Py6pukn MeSH:

OBPA30BAHME MEANUNHCKOE - METOZLbI

OBPA30BAHMNA TEXHOTOIMA - METOb

MALIWNHHOE OBYYEHME

Ona uutupoBanma: TaH O.W.L., AHrJ1.4., M6paxum P, A6ayn Mampxuna M., Moxa Apnc M.AX., Ixopax LW.A. Bnu-
aHne ChatGPT Ha o6y4eHue CTYAEHTOB MeAMLMHCKMX BY30B: CUCTEMATUYECKNM A 0630p 06pa30BaTENbHbIX PE3YSb-
TaTOB U KOTHUTMBHOIO Bo3aeincTBus. CeyeHoBckMiA BecTHMK. 2026; 17(1): 30-40. https://doi.org/10.47093/2218-
7332.2026.17.1.30-40
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HIGHLIGHTS KJIOYEBDIE MOJIOXXEHKNA

Controlled trial evidence suggests that ChatGPT can improve or at
least maintain short-term learning outcomes in medical students
when used as a supervised adjunct.

Structured, immediate ChatGPT feedback after simulated histories
improves observable clinical reasoning behaviours on CRI-HTI
scoring.

ChatGPT-generated explanations are non-inferior to expert feedback
for overall key-features performance on routine clinical reasoning
tasks.

Expert feedback remains superior for more complicated items,
supporting human oversight for high-complexity reasoning.

ChatGPT-assisted problem-based learning improves short-term
knowledge and selected Mini-CEX domains during a clinical
rotation.

The advent of artificial intelligence (Al) applications,
such as ChatGPT, has had a major impact on many
industries, including medical education. As medical
schools advance to include innovative technologies,
the literature on how Al can be employed to enhance
the learning outcomes of medical trainees continues
to grow. OpenAl's sophisticated large language model
(LLM), ChatGPT, has demonstrated competence in
various domains of medical education. It has been
reported to be useful in creating experiences for
individuals who learn, developing critical thinking
skills, and supporting problem-based learning (PBL)
interventions among medical students [1, 2]. In addition
to providing tailored learning experiences, ChatGPT
enables the consistent delivery of quality learning
across contexts.

Despite these benefits, empirical evidence of the
effectiveness of ChatGPT in medical education remains
limited. Surapaneni [3] reported a performance gap
between medical students and responses produced
by ChatGPT for certain tests, which raises questions
regarding accuracy and applicability. Moreover,
the use of Al-based clinical reasoning and skills
assessment raises important ethical and pedagogical
issues, a theme that is further illustrated by the duality
in perceptions of Al technology in clinical learning
settings [4].

This review aims to synthesize controlled evidence
on whether ChatGPT, used as a supplement to usual
instruction, improves medical students’ knowledge,
clinical reasoning, and near-term performance, with
the goal of identifying educational effects, boundary
conditions, and implications for safe curricular use.

[JaHHble KOHTPONMPYEMbIX WUCCNEef0BaHWA CBUAETENbCTBYHOT
0 TOM, uTo ChatGPT npu ucnonb3oBaHUM B KayecTBe
KOHTPONNPYEMOr0 BCMOMOraTeNIbHOr0 WHCTPYMEHTa 06yYeHus
CMOCOGEH ynyywatb WAM KaKk MUHUMYM NOAAEPXUBaTb
KPaTKOCPOYHble pe3ynbTaTbl 06y4YeHUs CTYLEHTOB-MeANKOB.

CTpyKTypupoBaHHaa M  HeMef/ieHHas  obpaTHas  CBSi3b
ot ChatGPT nocne mogenupyemoro cbopa aHamHe3a ynyyllaeT
Hab/ofaemMble MoKa3aTeNi KIMHNYECKOrO MbILIEHUS MpU OLieHKe
no wkane CRI-HTI.

06bAcHeHNs, creHepupoBaHHble ChatGPT, He ycTynatoT SKCnepTHOIA
06paTHON CBA3W MO O6LWMM pe3ynbTaTaM BbIMOJHEHUS 3a[aHui
dopmara key-feature questions npu pewenny cTaHAapTHbIX 3a4ay
K/IMHNYECKOTO MbILLNEHUS.

Mpu BbINOIHEHMM 6OJIEE CNOXHBIX 3afaHUI AKCNepTHas obpaTHas
CBfI3b OCTaeTca Gonee 3((EKTUBHOINA, UTO NoOATBEPXKAAET

HEobXoAMMOCTb  yyacTUsi  MpenofaBaTens Mpu  PELIEHUN
KNMHUYECKUX 3afia4 BbICOKOW COXHOCTH.
Mpo67eMHO-OPUEHTUPOBAHHOE O0OYYEHUE C  WCMOMb30BAHWEM

ChatGPT ynyyliaeT KpaTKOCPOYHOE YCBOEHUE 3HAHWIA U OTAENbHbIe
oLieHmBaemble goMeHbl Mini-CEX Bo BpeMs KJIMHUYECKOI poTaLuu.

MATERIALS AND METHODS

Protocol and reporting framework

This systematic review was conducted in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA
2020) guidelines. The review question was framed
using the PICO structure: What is the impact of
ChatGPT on the educational outcomes and cognitive
development of medical students? The protocol
specified the inclusion/exclusion criteria, information
sources, screening methods, data extraction fields,
risk-of-bias assessment by study design, and a data
synthesis plan. This review was not prospectively
registered with PROSPERO. Registration was not
completed at inception due to resource and time
constraints during the initial protocol development
phase. We will prospectively register any future update
or extension of this review to strengthen transparency.
Nevertheless, the eligibility criteria, outcomes of
interest, and synthesis approach were finalised before
screening commenced and were applied consistently
throughout the review process.

Eligibility criteria

We included original empirical studies published
in English from 2022 onwards that enrolled medical
students and evaluated ChatGPT as part of an
educational intervention with measurable results.
Eligible designs included randomized controlled trials
(RCT) or nonrandomized controlled trials, controlled
cohort studies, and mixed-methods evaluations with
quantitative endpoints. We excluded editorials, letters,
opinion pieces, reviews, purely technical descriptions
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without analysable educational data, studies not
involving medical students (unless a distinct medical-
student subgroup could be extracted), non-learning uses
of ChatGPT (e.g., administrative tasks), and non-English
publications.

Information sources and search strategy

A comprehensive search was performed in five
bibliographic databases with pre-specified Boolean
logic adapted to each platform: PubMed, Scopus,
ScienceDirect, SpringerLink, and Web of Science.
Search strings combined terms for the technology
(e.g., “ChatGPT,” “large language model,” “artificial
intelligence”) with medical education terms (“medical

students,” “medical education”) and outcome terms

(“learning  outcomes,”  “performance,” “clinical

reasoning,” “critical thinking”, Table 1). The literature
b )

search was conducted on 25 June 2025. Searches were
limited to English-language records and publication
years from 2022 onwards, where database filters
permitted. No study design filter was applied during
the search stage. The results were exported on the same
search wave, merged in a reference manager, and de-
duplicated prior to screening.

Study selection

The screening was conducted in two stages by two
independent reviewers (L.A.C. and R.L.). Titles/abstracts
were screened against the eligibility criteria, followed
by full-text assessment of potentially relevant reports.
Disagreements were resolved through discussion or, if
required, by a third reviewer (M.A.M.). The screening
workflow was supported by Rayyan'!, a web-based
platform used to facilitate blinded title/abstract screening
[5]- The citation-checking workflow was supported by
scite.ai’, a web-based citation analysis platform used
as a supplementary tool for verification, including
checking citation contexts. The PRISMA flow diagram
documents the process and counts: 1481 unique records
were screened after the removal of 478 duplicates;
297 full texts were retrieved and assessed; 294 were
excluded based on eligibility (review articles, n = 74; no
analyzable data, n = 132; wrong study design, n = 87;

non-English, n = 1). Three studies met all the criteria and
were included in the narrative synthesis (Fig. 1).

Data extraction and management

A structured data-extraction form, piloted on a subset
of studies, captured the following: study setting and
design; participant characteristics (stage of training,
sample size); description of the ChatGPT/LLM
intervention (role in the learning activity, prompt
structure, timing relative to instruction, presence/absence
of human oversight); comparator condition(s); outcome
measures and instruments (e.g., written knowledge tests,
Key-Features Questions, Clinical Reasoning Indicator-
History Taking Inventory (CRI-HTI), Mini-Clinical
Evaluation Exercise (Mini-CEX)); follow-up interval(s);
statistical results (effect estimates, measures of variability,
p-values); and author-reported implementation details
(e.g., disclosure of Al use, debriefing, verification
steps). Two reviewers independently extracted the data;
inconsistencies were reconciled by consensus with
reference to the source report.

Outcomes

The primary outcomes were objective educational
measures aligned with the intervention’s learning aims,
including near-term written knowledge performance and
validated indices of clinical reasoning and skills (e.g.,
CRI-HTI subdomains and Mini-CEX ratings). Secondary
outcomes included learner-reported indicators relevant to
cognitive impact (e.g., perceived learning effectiveness,
breadth of clinical exposure, and critical stance toward Al
following disclosure and debriefing). Where available,
immediate and short-delay (<10 days) post-intervention
results were collected to gauge the early retention.

Risk of bias and study quality assessment

Risk-of-bias judgements were performed at the
study level by design category using validated tools.
RCTs were appraised using Version 2 of the Cochrane
tool for assessing the risk of bias in randomized trials
(RoB 2) (domains: randomization process, deviations
from intended interventions, missing outcome data,
measurement of the outcome, and selection of the reported

Table 1. Search strategy across databases

Database Search string
ScienceDirect  "ChatGPT" AND "medical students" AND ("learning” OR "education” OR "academic performance" OR "critical thinking")
PubMed ((ChatGPT) OR (artificial intelligence)) AND ((medical s?u'dents[TitIe{Abstract]) OR (medical education[Title/
Abstract])) AND ((performance) OR (academic) OR (clinical reasoning)) AND (2022/1/1:2025/6/25[pdat])
SpringerLink "ChatGPT" AND "medical education” AND ("student performance" OR "reasoning skills" OR "Al-assisted learning")

Web of Science

Scopus

TS=("ChatGPT" OR "language models") AND TS=("medical students" OR "medical education”) AND TS=("learning
outcomes" OR "academic performance" OR "cognitive skills")
TITLE-ABS-KEY("ChatGPT" OR "large language model") AND TITLE-ABS-KEY("medical education” OR "medical
students") AND TITLE-ABS-KEY("performance" OR "critical thinking" OR "learning outcomes")

! Rayyan - Intelligent Systematic Review. https://www.rayyan.ai (access date: 25.06.2025).

2 scite.ai - Smart Citations. https://scite.ai (access date: 25.06.2025).
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Identification of studies via databases and registers

Records identified from
databases (N = 1959):
¢ ScienceDirect (n = 376)

Records removed before
screening:

Scopus (n = 562)
PubMed (n = 911)
SpringerLink (n = 80)
Web of Science (n = 30)

!

Records screened

=
=]
k=]
«
=
-
]
7]
]
=

* duplicate records removed
(n=478)

Records excluded:

n = 1481

l

Reports sought for retrieval

A 4

e not study of interest
(n=1184)

Records excluded:

n =297
v

Reports assessed for
eligibility

Screening

A 4

* not retrieved (n = 0)

Reports excluded:
* review articles (n = 74)
no analyzable data (n = 132)

n =297

.

Studies included in review
n=3

Included

FIG. 1. PRISMA flow diagram of study selection.

result). ROBINS-I (Risk Of Bias In Non-randomized
Studies-of Interventions) and MMAT (Mixed Methods
Appraisal Tool) were pre-specified for non-randomized
and mixed-methods studies but were not applied because
all included studies were randomized. Disagreements
were resolved by discussion; where reporting limited
firm judgements, domains were rated “some concerns”
with justification.

Data synthesis and analysis

Given the small number of eligible studies and
heterogeneity in interventions (LLM role, presence of
structured feedback, task complexity), comparators, and
outcome instruments, a narrative synthesis was specified
as the primary approach. Planned quantitative synthesis
required > 5 trials with commensurate outcome measures;
this threshold was not met because of non-overlapping
instruments (CRI-HTI, Key-Features Questions (KFQ),
Mini-CEX) across studies. If conditions permitted,
continuous outcomes would have been summarized as
mean differences or standardized mean differences with
95% confidence intervals using random-effects models,
with heterogeneity quantified by I* and explored via
subgroup analyses (e.g., pre-clinical vs. clinical stage,
routine vs. complex case tasks, human oversight vs.
Al-only feedback). Instead, we synthesized findings by

e wrong study design (n = 87)
* non-English language (n = 1)

mapping interventions to learning mechanisms (e.g.,
immediate task-specific feedback, rehearsal of history-
taking, PBL scaffolding), outcome family (knowledge,
clinical reasoning, clinical performance), and task
complexity, noting consistencies and divergences across
settings. Where immediate and short-delay outcomes
were both reported, we qualitatively described patterns
to indicate early retention.

RESULTS

Study selection and characteristics

Of the 1481 unique records screened, three RCTs met
the inclusion criteria and were included in the review of
educational outcomes in medical students. The studies
were conducted in Germany, Turkey, and China, and
each evaluated ChatGPT as a supplement to established
teaching formats rather than as a replacement. The
validated indices included CRI-HTI, KFQ, and Mini-
CEX. The interventions fell into three pedagogic roles:
(i) simulated patient encounters with LLM-delivered
formative feedback, (ii) Al-generated written feedback
on text-based clinical reasoning problems, compared
directly with expert feedback, and (iii) ChatGPT-assisted
PBL integrated into a brief clinical rotation. Outcomes
comprised validated indices of clinical reasoning
(CRI-HTI; KFQ), theory examinations, and Mini-CEX
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domains, with short-delay assessments reported.
The sample sizes ranged from 21 to 129 randomized
participants, with follow-up completion reported in all
trials. Reporting of model version, prompting and output
verification was limited across trials.

Interventions and comparators

In the German trial, pre-clinical students completed
four  six-minute =~ LLM-simulated history-taking
encounters; only the intervention arm received structured
ChatGPT feedback after each case, generated against
CRI-HTT rubric [6]. Two blinded human raters scored
the transcripts (intraclass correlation coefficient was
0.924). The comparator was an identical simulation
without feedback.

In Turkey, first-year students undertook five days
of spaced ContExtended Question practice for urinary
tract infections; arms differed only in the source of
explanations provided after each step (expert-written
vs. ChatGPT-generated) [7]. Clinical reasoning was
measured using the KFQs immediately and 10 days later.

In China, fifth-year interns on a two-week urology
rotation were randomized to PBL+ChatGPT (pre-class
exploration and in-class discussion with Al support,
with instructor oversight) versus traditional teaching
[8]. The primary outcomes were a 100-point theory
exam (pre-and three days post-lecture) and Mini-CEX
ratings across seven domains; student satisfaction was
secondary (Table 2).

Primary outcomes

Across the two reasoning-focused trials, ChatGPT
improved or matched outcomes when deployed as a
feedback engine, with caveats for complex cases.

In the German simulation RCT (n = 21 analyzed),
after four sessions, LLM feedback improved final
CRI-HTI scores versus simulation without feedback
(3.60 £ 0.13 vs. 3.02 £ 0.12; F(1,18) = 4.44, p = 0.049;
partial n* = 0.198), with gains concentrated in ‘creating
context’ (p = 0.046) and ‘securing information’ (p =
0.018), but not focusing questions (p = 0.265). The rater
agreement for transcript scoring was excellent (intraclass
correlation coefficient was 0.924). These findings
indicate that immediate task-specific LLM feedback
can shift observable reasoning behaviors over a short
training period.

In the Turkish RCT (n = 129 randomized; >115
tested), ChatGPT feedback vs. expert feedback produced

no difference in overall KFQ scores at immediate testing
(ChatGPT 74.7 = 15.1 vs. Expert 78.5 * 20.6; p = 0.26)
or at 10 days (ChatGPT 76.0 + 14.5 vs. Expert 78.0 *
21.2; p = 0.57). For complicated urinary tract infection
items in delayed testing, expert feedback outperformed
ChatGPT (p < 0.001). Notably, the disclosure of Al use
increased students’ critical approach to Al, with medium
to significant effects. Together, these data suggest
that ChatGPT can provide non-inferior formative
explanations for routine problems, while expert oversight
remains advisable for nuanced scenarios.

In the Chinese rotation RCT (n = 42), both groups
improved from baseline, but PBL+ChatGPT achieved a
higher post-course theory score at three days (93.90 *
3.65) than traditional teaching (90.33 = 4.08; p < 0.01).
This short-term knowledge advantage was accompanied
by higher Mini-CEX ratings in medical interviewing,
clinical judgement, and overall competence, with no
differences in other domains. Mini-CEX gains favouring
PBL+ChatGPT were concentrated in interviewing,
judgement, and overall competence. These domain-
specific improvements may reflect the intervention’s
emphasis on structured question framing and synthesis,
however, this interpretation remains hypothetical. All
assessments were completed within standardized time
windows and by a single assessor, which supports
procedural consistency but may limit blinding. Because
a single, likely unblinded assessor completed the
Mini-CEX, these skill domain gains warrant cautious
interpretation.

Secondary outcomes (acceptability and

perceived learning)

Medical students rated the LLM-supported activities
favorably. In the German study, participants described the
simulated encounters as realistic and feasible, mirroring
the observed behavioral gains when feedback was
present [6]. In Turkey, students in the ChatGPT feedback
group developed a notably more critical outlook [7]. As
a result, they became more skeptical about the accuracy
and reliability of Al-generated information and more
cautious in accepting Al content without question. In
the Chinese trial, satisfaction was uniformly high after
PBL+ChatGPT, with no reports of dissatisfaction [8].

Synthesis of effects and certainty
Because interventions and instruments differed
across trials, meta-analysis was not appropriate; instead,

Table 2. Characteristics of the included randomized studies

Study Country Intervention/comparator Outcome(s)
Briigge et al., 2024 [6] Germany LLM-simulated patient interviews + ChatGPT feedback CRI-HTI
Cicek et al., 2025 [7] Turkey ChatGPT-generated vs. expert-written feedback on KFQs Immediate and 10-day scores
Hui et al., 2025 [8] China ChatGPT-assisted PBL vs. traditional teaching Theory test and Mini-CEX

Note: CRI-HTI - Clinical Reasoning Indicator-History Taking Inventory; KFQ — key-features questions; LLM - large language model; Mini-CEX —

Mini-Clinical Evaluation Exercise; PBL - problem-based learning.
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FIG. 2. Risk-of-bias assessment of randomized controlled trials.

Note: D1 - randomization process; D2 — deviations from intended interventions; D3 — missing outcome data; D4 - measurement of the

outcome; D5 - selection of the reported result.

narrative synthesis showed consistent benefits of
immediate, task-specific feedback, parity with expert
feedback for routine problems, and short-term knowledge
and Mini-CEX gains with ChatGPT-assisted PBL under
supervision.

Risk of bias

We appraised the risk of bias using RoB 2 across five
domains (Fig. 2). Overall, the included trials showed a
generally acceptable methodological profile for short-
term educational outcomes. The randomization process
was judged to be at low risk of bias in all three studies:
Briigge et al. used a two-group randomized design with
balanced baseline characteristics, Cicek et al. applied
computer-generated randomization with comparable
groups, and Hui et al. used randomized allocation with
equal group sizes.

Deviations from intended interventions were
unlikely to materially affect the results in the German
and Turkish trials, where training procedures, exposure,
and assessment conditions were standardized across
arms. In the Turkish trial, participants were blinded to
the feedback source, and the only intended difference
between groups was whether the explanations were
expert-written or ChatGPT-generated. By contrast, the
Chinese trial raised some concerns because intervention
delivery was unblinded, which may have influenced
performance-related outcomes.

Missing outcome data were judged to be at low
risk of bias across the three studies, with minimal
exclusions or complete post-course assessment reported
and no evidence of differential attrition. Measurement
of outcomes was also robust in two trials: the German
study used two independent blinded raters and the
validated CRI-HTTI instrument, with excellent inter-rater
agreement, whereas the Turkish study relied on objective
standardized key-features scoring. In the Chinese trial,
the theory test was objective; however, Mini-CEX was

assessed by a single likely unblinded evaluator, raising
concerns about detection bias. Therefore, Mini-CEX
findings, although directionally favorable, should be
interpreted with caution.

The domain “selection of the reported result” was
conservatively rated as “some concerns” in all three
studies because none reported prospective registration
or a pre-specified analysis plan. Taken together, the
overall risk of bias was judged as low to some concerns
for the German and Turkish trials and as some concerns
for the Chinese trial. The evidence base is therefore
methodologically acceptable for evaluating short-term
educational outcomes, but conclusions regarding clinical
skills should remain cautious when based on unblinded
performance ratings.

Summary of main findings

Taken together, the best available randomized
evidence supports an optimistic but circumspect
conclusion: when used to augment existing teaching, it
provides immediate, structured feedback; by scaffolding
PBL or streamlining explanations, ChatGPT improves or
maintains near-term educational outcomes for medical
students, with clear added value in efficiency and reach.
The signal is strongest for short-cycle learning targets
(history-taking behaviors, script refinement, and theory
recall), while complex clinical problems still benefit
from human calibration. Across trials, disclosure and
supervision varied. In the Turkish trial, disclosure
of Al use was reported to increase students’ critical
stance toward AIl. Contrastingly, other trials provided
supervision and structured feedback but did not quantify
disclosure-related effects.

DISCUSSION

Principal findings and interpretation

Across three RCTs, ChatGPT used alongside usual
teaching equaled or improved the learning outcomes.
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The small number of eligible trials reflects the early stage
of controlled research on ChatGPT in medical education
rather than selective inclusion. Effects were observed
in written knowledge, clinical reasoning during history
taking, and selected Mini-CEX domains. Two themes
recur. These findings are consistent with established
learning theory. Feedback is one of the strongest
influences on learning, but its effects depend on timing,
specificity, and whether it directs attention to the task
and process rather than to the learner alone [9]. These
findings are educationally plausible because the included
interventions emphasized repeated practice, timely
feedback, and structured support. In the reviewed trials,
ChatGPT appeared most useful when it was embedded
within clearly defined learning activities rather than used
as an unrestricted answer-generating tool.

First, feedback is the engine of the learning process.
For example, ChatGPT provided prompt, task-based
feedback after simulated patient encounters, resulting in
improved clinical reasoning (measured on a validated
instrument) compared to a no-feedback control group of
students. When used to replace experts as the source of
feedback on clinical key-features problems, ChatGPT
was found to be as effective as expert-written feedback
overall at immediate and 10-day testing, demonstrating
scalable parity for routine problems. This pattern suggests
that ChatGPT may be better suited to routine, structured
tasks than to complex, ambiguity-rich clinical reasoning.
In such settings, expert feedback still appears to provide
a meaningful advantage. This pattern is also compatible
with retrieval practice theory, which predicts that repeated
testing and corrective explanation can strengthen learning
more effectively than passive review alone [10].

Second, there isthe question of context and complexity.
Inthe same RCT, expert feedback outperformed ChatGPT
for more complex items at late testing, indicating that
cognitive scaffolding for complex multi-step reasoning
is still better provided by experienced clinicians or
by blended human-Al feedback calibrated to the task
[7]. Beyond test scores, the Chinese controlled cohort
suggests the spillover into the performance domain:
ChatGPT-assisted PBL not only improved near-term
theory scores but also enhanced Mini-CEX ratings for
interviewing and clinical judgment, outcomes that may
be relevant to supervised clinical performance [8]. In
addition, ChatGPT increases the pace of formative
feedback and expands case exposure. When integrated
into formalized activities, it enhances knowledge and
chosen performance indicators. Where issues require
subtlety, the insight of an expert provides an edge [7].
The discovered limits are informative and represent
design choices rather than intrinsic constraints.

Strengths, limitations, and implications

This synthesis is based on the use of validated tools
(e.g., CRI-HTI, Mini-CEX) and authentic assessment
tasks (key features, observed encounters). Positive results

were observed across three settings (Germany, Turkey,
and China), supporting further study across diverse
curricula, however, they do not establish generalizability.
However, there are conditions under which
highlighting is necessary for the reader. First, most
outcomes were short-term, and we have limited
information on longer-term retention, transfer to
authentic clerkship performance, or downstream patient-
centered outcomes. One plausible risk of Al-supported
learning is over-reliance on the tool, whereby improved
immediate task performance may not translate into
durable competence if students defer reasoning rather
than internalize it. This concern is particularly relevant
when outcomes are measured over short intervals.
Second, the learning tasks studied on history taking,
key features reasoning in one topic, and short-horizon
PBL represent important but narrow sections of the early
curriculum [6]. Third, the primacy of expert feedback on
challenging cases at late testing is a salutary reminder that
blind use of LLM results to "replace" faculty is unwise;
complexity calibration and human oversight seem to be
essential for safety and quality [7]. LLM outputs can
be fluent yet incorrect, and learners may inadvertently
internalise inaccuracies or biased reasoning if responses
are accepted uncritically [11]. Accordingly, educational
use should be paired with explicit verification practices,
particularly for safety-critical or high-complexity content.
Lastly, our approach to mixed-population studies may
introduce selection bias if medical-student subgroup data
were selectively reported or not extractable.
Methodologically, future studies could pre-register
protocols, determine power for non-inferiority or
superiority prespecified outcomes, report adherence
to intervention protocols (e.g., prompt templates,
versioning), and disclose guardrails (instructional hints,
verification steps), which may modulate both efficacy
and safety. In parallel, curricular integration should
acknowledge the “black box” features of LLMs and the
risk of plausible-sounding inaccuracies or biased outputs.
Implementation also occurs within a pre-existing
landscape of academic integrity challenges in medical
training. Generative Al may amplify familiar risks
(e.g., unacknowledged assistance, plagiarism, and
inappropriate  collaboration),  particularly = where
institutional policies are unclear or inconsistently applied
[12, 13]. In controlled, supervised interventions, the
educational signal is clearer. However, in unsupervised
settings, it becomes harder to distinguish Al-supported
learning from Al-facilitated misconduct. Therefore, for
this reason, clear permissible-use guidance, assessment
design that samples unaided reasoning, and teaching
students how to document and justify Al use are therefore
essential complements to any educational deployment of
ChatGPT [12, 13].
Three design choices appear to be important. First,
feedback should be structured, timely, and task-focused;
in the simulation trial, ChatGPT’s outputs were mapped
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to CRI-HTI behaviors and delivered immediately after
the task was completed [6]. Second, align support to
task complexity: routine problems tolerate automated
feedback, whereas complex or safety-critical scenarios
merit clinician oversight or blended experts, which is
the AI commentary [7]. Third, LLMs should be used to
widen exposure and rehearsal opportunities, but they
should be treated as adjuncts to live bedside teaching,
not substitutes for patient contact and mentorship [7, 8].

Generative Al also raises academic and assessment
integrity concerns, as unsupervised use may blur the
boundary between supported learning and unpermitted
assistance. Assessment policy should evolve with time.
Where ChatGPT is available, assessment for learning can
plausibly include Al-mediated practice (e.g., formative
key features with ChatGPT feedback), while assessment
of learning must ensure that summative tasks adequately
sample unaided reasoning and performance. Explicit
instruction on when to use Al (e.g., when setting up for
PBL but not while responding to objective structured
clinical examination) will allow students to benefit
from Al while maintaining academic integrity and skill
building.

Key questions now are the durability of gains at
3-6 months, transfer to objective structured clinical
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Summary A new surgical technique uses hooks to tension soft tissues during
superficial temporal artery dissection and a tension-free continuous suture
with separate knots to prevent anastomotic narrowing.
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gait unsteadiness reduced perfusion: both occipital, left
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Abstract

Cerebral revascularization by superficial temporal artery (STA) to middle cerebral artery (MCA) bypass is performed
in patients with moyamoya disease, complex aneurysms, and selected extra- and intracranial occlusive lesions to
augment cerebral perfusion and potentially reduce the risk of ischemic complications and death.

Case report. A 67-year-old patient presented with severe visual impairment (mainly on the right), gait unsteadiness,
episodic subjective limb weakness, and marked fatigue. He had a significant medical history, having suffered an
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ischemic stroke in 2016 in the territory of the right MCA. A computed tomography angiography demonstrated
occlusion of the right internal carotid artery and reduced cerebral blood flow in both occipital lobes and the left
parietal lobe. An STA-MCA bypass anastomosis was performed. The postoperative course was uneventful; follow-up
computed tomography angiography confirmed bypass patency without intracranial hemorrhage or new ischemic
lesions, and a 10-15% increase in the cerebral blood volume index (up to 8.6 mL/100 g). No recurrent strokes were
observed within 30 days and during 11 months of follow-up.

Discussion. Creation of an STA-MCA anastomosis may offer prospects for improving quality of life after ischemic
stroke, including potential amelioration of post-stroke depression and other associated emotional disturbances.

Keywords: cerebral revascularization; extracranial-intracranial bypass; ischemic stroke; low flow bypass; cerebral
blood volume

MeSH terms:

BRAIN ISCHEMIA - PHYSIOPATHOLOGY

BRAIN ISCHEMIA - SURGERY

TEMPORAL ARTERIES - SURGERY

CAROTID ARTERY, INTERNAL - SURGERY

MIDDLE CEREBRAL ARTERY - SURGERY

CEREBRAL REVASCULARIZATION - METHODS

ANASTOMOSIS, SURGICAL

CASE REPORTS

For citation: Sufianov A A, Rustamov R.R., Sufianov R.A., Zuev I.A. Superficial temporal artery to middle cerebral
artery bypass in patient with atherosclerotic right internal carotid artery occlusive disease and impaired cerebral
hemodynamics: a clinical case. Sechenov Medical Journal. 2026; 17(1): 41-49. Epub ahead of print 15.04.2026.
https://doi.org/10.47093/2218-7332.2026.17.1.1252

CONTACT INFORMATION:

Albert A. Sufianov, Dr. of Sci. (Medicine), Professor, Corresponding Member of RAS, Chief Physician, Federal Center of Neurosurgery
(Tyumen); Head of the Department of Neurosurgery, Petrovsky National Research Center of Surgery; Director, Educational and Scientific
Institute of Neurosurgery, Peoples' Friendship University of Russia.

Address: 5, 4" km Chervishevskogo trakta, Tyumen, 625032, Russia

E-mail: sufianov@gmail.com

Compliance with ethical standards. Consent statement. The patient consented to the publication of the article “Superficial temporal
artery to middle cerebral artery bypass in patient with atherosclerotic right internal carotid artery occlusive disease and impaired cerebral
hemodynamics: a clinical case” in the “Sechenov Medical Journal”.

Conflict of interest. Albert A. Sufianov is a member of the editorial board and did not participate in the editorial review or decision-
making on this article. Rakhmonzhon R. Rustamov, Rinat A. Sufianov, Ilya A. Zuev declare that there is no conflict of interest.
Financing. The study had no sponsorship (own resources).

Use of artificial intelligence. No artificial intelligence tools were used in the preparation of this manuscript.

Received: 21.09.2025

Accepted: 25.12.2025

Date of publication online: 15.04.2026
Date of publication: 29.05.2026

42 CEYEHOBCKMI BECTHUK T. 17, Ne 1, 2026 / SECHENOV MEDICAL JOURNAL VOL. 17, No. 1, 2026



____________________________________________________________________| HEWPOXUPYPIUA

VIK 616.133.27-089.843

O6xofHOM aHAaCTOMO3 NOBEPXHOCTHOM BUCOYHOM apTepum
K cpegHeX MO3roBoM apTepuM Npu aTepoCKIepoOTUHECKOMN
OKK/I03UM NpaBo BHYTPEHHEA COHHOW apTepuMu C HapyLleHUeM
LepebpanbHOM reMoAMHAMUKU: KIIMHUYECKUI Criy4yan

A.A. Cypuanos>>", P.P. Pycramos'?, P.A. Cypuanos'?, U.A. 3yes'
!@I'BY «@edepanvHblii yeHmp Helpoxupypauu»
Munucmepcmea 30pasooxparenus Poccutickoti @edepayuu (2. Tromenn)
4-ii km Yepsuwesckozo mpakma, 0. 5, 2. Tromenn, 625032, Poccus

*@I'BHY «Poccutickuti HayuHblil yenmp xupypauu umeHu akademuxa b.B. ITempoeckozo»
nep. Abpukocosckuti, . 2, 2. Mockea, 119435, Poccus

3®@I'AOY BO «Poccuiickuil ynusepcumem 0pyxcbvl Hapodos umeru Ilampuca Jlymymbor»
yi. Muknyxo-Maxnas, 0. 6, 2. Mockea, 117198, Poccus

PULMETTTER

Xvpypruyeckas peBackynspusaLmsa rofoBHOr0 Mo3ra rnocpefcTsoM LWYHTUPOBAHNSA NOBEPXHOCTHOW BUCOYHOM ap-
Tepueit (MBA) n cpeaHeit Mo3roBoit aptepueit (CMA) BbINONHSETCS naLneHTam ¢ 601e3HbI0 MOSIMOS, CIOXHbBIMM
aHeBpM3Mamu, OKK/TO3MOHHbBIMUY 3a601€BaHNAMM IKCTPa- U MHTPaKpaHManbHbIX apTepuii C LeNbio YCUNeHns Lepe-
OpanbHoii Nephy3nn 1 NOTEHUMANBHOTO CHUXEHNS PUCKA ULLEMUYECKIX OCTOXHEHWI 1 NNEeTaNbHOIO UCXOAA.
Onucanme cnyvas. MauneHT 67 NeT NOCTYNUA C XKanobamu Ha BbIPaXEHHOE CHUXEHME 3PeHNs (MPenMYLLECTBEHHO
CNpaBa), HeyCTONYMBOCTb MOXOAKM, AMU30AMYECKYO CNABOCTb B KOHEYHOCTSX 1 BbIPaXeHHYO yToMnsemocTb. B 2016
rofly NepeHec OCTPOe HapyLUeHe MO3roBOro KPOBOOOPaALLEHVS MO NWEeMUYECKOMY TUNY B 6acceiiHe npasoit CMA. Mo
AaHHbIM KOMMbIOTEPHOW TOMOrpaGUYEeCKo aHrmorpaum BbISBIEHa OKKO3WSA NPaBOi BHYTPEHHE COHHOW apTepum
W CHIDKEHMeE LiepebpanbHOro KpoBOTOKA B 06enX 3aTbINOYHbIX AONAX U NIEBOW TEMEHHOM fose. BbiNoNHeH 06X04HO
aHactomo3 MBA kK CMA. MocneonepauyoHHblii nepuoa npotekan 6e3 0CN0XHEHWIA; KOHTPONbHAs KOMMbOTEPHAs To-
Morpaguyeckas aHrvorpadus noaTeepanaa NPOXOAMMOCTb LYHTa NpU OTCYTCTBUW BHYTPUYEPENHOTO KPOBOU3NNS-
HWS 1 HOBbIX MLUEMUYECKMX 04ar0B, a TaKXXe OTMEYEHO YBEeNNYeHIe NHAEKCA 0O6bema LIMPKYIUPYHOLLeit KpoBK Ha 10—
15% (0o 8,6 Mn/100 r). B TeueHue 11 MecsLEB HabNOAEHNS PELMAMBOB MHCYbTA He 3aperucTpUpPoOBaHO.
06cyxpaenne. HanoxeHue aHactoMmo3a [1BA k CMA oTKpbIBaeT NepcneKTvBbI A8 YAYYLEHUS KaYeCTBa XMN3HM Na-
LVMEHTOB NOC/IE NEPEHECEHHOIO ULLIEMUYECKOTO UHCYNbTA, B TOM YUCE 4711 KOPPEKLMM NOCTUHCYIbTHON Lenpeccui
W APYTYX COMYTCTBYIOLLMX 3MOLMOHaTbHbIX PACCTPOICTB.

KnioueBble cnoBa: LiepedpanbHas peBackynspusauns; sKCTpakpaHanbHO-UHTPaKpaHWanbHbIN WYHT, OCTPOe Ha-
PYLIEHE MO3roBOro KpoBOOBPALLEHNS MO ULLEMUYECKOMY TUMY; HU3KOMOTOYHbIA aHACTOMO3; 06beM MO3r0BOI0
KpOBOTOKa

Py6pukn MeSH:

MOS3IA FTOJ1I0BHOIO MILEMKS = TTATODK3NONOT A

MQO3IA TOJTOBHOMO ULEMWA - XUPYPTUS

BMCOYHbIE APTEPUI = XNPYPT N4

COHHAA APTEPUSA BHYTPEHHAA — XMPYPI A

LIEPEBPAJIEHAA APTEPA CPEOHAA — XUPYPT A

LIEPEBPAJIBHAA PEBACKYNAPUSALINA - METObI

AHACTOMO3 XMPYPIUYECKIN

OMNCAHWE C/TYYAEB

Onsa uyurupoBanus: Cytdnaros A.A., PyctamoB PP, Cytdwuaros PA., 3yes N.A. 06x0fHO aHaCTOMO3 NOBEPXHOCTHOM
BVCOYHOM apTepumn K CpefHein MO3roBoi apTepui Mpu aTepoCcKIepOTUYECKON OKKIO3WUY NPaBOW BHYTPEHHEN COH-
HOJA apTepumn C HapylweHueM LiepebpanbHOi reMOAMHAMUKI: KIMHWYEeCKUIA cyyail. CeyeHOBCKUIA BECTHUK. 2026;
17(1): 41-49. Epub ahead of print 15.04.2026. https:/doi.org/10.47093/2218-7332.2026.17.1.1252
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HIGHLIGHTS KNIOYEBBIE MOJIOXKEHUA

Superficial temporal artery-middle cerebral artery bypass is
technically feasible in patients with ischemic stroke, with potential
to improve post-stroke quality of life.

A modified superficial temporal artery dissection using hooks
helps to achieve adequate soft-tissue tension and facilitate vessel
mobilization.

Applying a continuous suture to one edge of the vessel without
tension and tying individual knots prevents the anastomosis from
narrowing.

Internal carotid artery (ICA) occlusion accounts
for 15-20% of ischemic strokes and carries substantial
risk of recurrent cerebrovascular events despite optimal
medical management. Atherosclerotic ICA occlusion
causes approximately 10% of transient ischemic attacks
and 15% to 25% of ischemic strokes in the carotid
territory [1-3]. The 2-year risk of subsequent ipsilateral
ischemic stroke while a patient receives medical therapy
is 10% to 15% [4]. While endovascular techniques
address acute occlusions, chronic ICA occlusion remains
resistant to recanalization, necessitating alternative
revascularization approaches.

Extracranial-intracranial arterial bypass surgery was
developed to prevent subsequent strokes by improving
hemodynamics distal to the occluded artery [5, 6]. In
1985, a randomized trial demonstrated no benefit of this
surgery in 808 patients with symptomatic carotid artery

44

9KCTpa-MHTpaKpaHuabHbIi MWUKPOaHacTomMo3 Mexay
MOBEPXHOCTHOM BWCOYHOW apTepueil U CpefHeil MO3roBoM
apTepuein TEXHUYECKN BbINOJIHUM Y NaLWUEHTOB C ULIEMUYECKUM
WHCYNbTOM W NOTEHLMAbHO MOXET CNOCO6CTBOBATb YNyYLUEHNIO
KayecTBa XW3HW B MOCTUHCY/IbTHOM NepUofe.

MopguduuupoBaHHas [OMCCEKLUSI MOBEPXHOCTHOW  BUCOYHOI
apTepum C UMCMoJIb30BaHWEM KPHOYKOB MO3BOMSAET CO3[aTb
afIeKBaTHOE  HATSXKEHWE  MArKUX TKaHel W 06NerynTb
Mo6unM3aLunio cocyaa.

HanoxeHue HernpepbiBHOrO WBa MO OAHOMY Kpak cocyaa
6e3 HaTAXEHMA C MOCNeAylolUMM 3aBA3bIBAHUEM OTAENbHbIX
y3/10B MpeAoTBPaLLaeT Cy)eHue aHacToMo3a.

occlusion [6-8]. This trial was criticized for failing to
identify the subgroup of patients with hemodynamic
cerebral ischemia due to poor collateral circulation for
whom surgical revascularization might be of greatest
benefit [3, 5, 9]. Contemporary neuroimaging, e.g.
positron emission tomography, single photon emission
computed tomography, computed tomography (CT) /
magnetic resonance perfusion, enables precise
identification of patients with hemodynamic cerebral
ischemia. The Japanese extracranial-intracranial Bypass
Trial and Carotid Occlusion Surgery Study demonstrated
potential benefit in highly selected patients with severe
hemodynamic compromise and increased oxygen
extraction fraction, underscoring the importance of
rigorous assessment and technical expertise [10, 11].
The aim of this case report is to demonstrate the
experience of superficial temporal artery (STA) to
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middle cerebral artery (MCA) bypass in a patient with
atherosclerotic right ICA occlusive disease and impaired
cerebral hemodynamics.

CASE REPORT

A 67-year-old man was admitted to the
Cerebrovascular Pathology Department of Federal
Center of Neurosurgery (Tyumen, Russia) on February 5,
2025, for evaluation of progressive bilateral visual loss
(more on the right) and gait unsteadiness with staggering.
He also reported intermittent subjective weakness
in the arms and legs, generalized asthenia, and easy
fatigability for a prolonged period. His medical history
included an ischemic stroke in 2016 in the territory of
the right MCA.. Cardiovascular comorbidities comprised
ischemic heart disease and atherosclerotic heart disease,
post-infarction cardiosclerosis (since 2012), status post

HEMPOXUPYPI UK

percutaneous transluminal coronary angioplasty with
stent implantation, and stage III arterial hypertension.
On neurologic examination, consciousness was
clear; memory was mildly reduced. Meningeal signs
were absent. Cranial nerve assessment demonstrated
marked bilateral visual impairment, more pronounced
on the right. The range of motion in the limbs and
trunk was preserved; muscle strength was symmetric
(Medical Research Council grade 5/5 in both upper and
lower extremities), despite episodic hand clumsiness
(difficulty holding cutlery) and transient leg “weakness”
by history. Sensory modalities were intact. Muscle tone
was normal and symmetric (D=S). Deep tendon reflexes
were brisk and symmetric in the upper and lower limbs;
pathological reflexes were absent. He was unstable in the
Romberg position. No clinically relevant abnormalities
were detected on autonomic nervous system assessment;

FIG. 1. Computed tomography angiography of the brachiocephalic and cerebral arteries, February 5, 2025 (A), brain computed
tomography perfusion, February 6, 2025 (B, C, D) before surgery.

A. Occlusion of the right internal carotid artery.

B. Decreased cerebral blood flow in the right occipital lobe.

C. Decreased cerebral blood volume in the right occipital lobe.
D. Increase mean transit time in the right occipital lobe.

Note: CCA — common carotid artery; ECA — external carotid artery; VA — vertebral artery.
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the somatic status was notable for generalized weakness
and fatigue.

CT angiography of the brachiocephalic and cerebral
arteries revealed occlusion of the right ICA (Fig. 1A).
Brain CT perfusion demonstrated decreased cerebral
blood flow and cerebral blood volume in both occipital
lobes and in the left parietal lobe, together with prolonged
mean transit time in the right occipital lobe (Fig. 1B-D).

The diagnosis was atherosclerosis of the
brachiocephalic and cerebral arteries with occlusion
of the right ICA; stenosis of the right common carotid
artery up to 60% according to European Carotid
Surgery Trial (ECST) criteria [11]; stenosis of the left
ICA up to 30%; and 70% stenosis of the intracranial
segment of the left ICA, complicated by vestibulo-
ataxic syndrome.

Surgical technique

The STA was marked preoperatively with Doppler
ultrasonography. With the patient in the supine position,
the head was rotated to the left and rigidly fixed in a
Mayfield clamp. A skin incision was made along the
course of the STA. The wound edges were retracted
with skin hooks to optimize exposure. Layer-by-layer

dissection of the subcutaneous tissue was performed
over the course of the STA. The frontal branch was
dissected and mobilized along its accessible length. Both
frontal and parietal branches of the STA were isolated
(Fig. 2A). A frontotemporal (dermofascial) flap was then
elevated over the temporalis muscle. The temporalis
fascia was incised, and the temporalis muscle was split
and retracted to expose the calvarium.

A standard craniotomy was performed, and the
dura mater was opened in a curvilinear fashion.
Under the operating microscope, a cortical recipient
vessel corresponding to the M4 segment of the right
MCA was identified and sharply dissected from the
arachnoid adhesions. The recipient artery was mobilized
sufficiently to allow microsurgical manipulation, and a
silicone background sheet was placed beneath the vessel
(Fig. 2B).

The donor STA branch was prepared by gentle
adventitial dissection and irrigation with heparinized
saline. The distal end was trimmed in a fish-mouth
configuration to match the arteriotomy. After systemic
heparinization according to institutional protocol,
temporary microvascular clips were applied proximally
and distally on the recipient artery. The intended

FIG. 2. Bypass anastomosis of the superficial temporal artery to the middle cerebral artery.
A. Frontal branch of the superficial temporal artery was dissected and mobilized along its entire length.
B. A silicone background sheet was positioned beneath the recipient cortical artery.

C. Placement of the first stay suture at the heel of the anastomosis.

D. Completion of the anastomosis: final sutures placed, and temporary clips removed; intraoperative indocyanine green video-

angiography confirmed bypass patency and flow.
Note: STA - superficial temporal artery.
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arteriotomy margins were marked, and a linear
arteriotomy was performed.

An end-to-side STA-MCA anastomosis was
constructed using standard microsurgical technique
(Fig. 2C). Stay sutures were placed at the heel and tip to
secure alignment and prevent torsion. The anastomosis
was completed with sequential suturing along both vessel
walls; in this case, a running technique with intermittent
knot tying after division of the suture line was employed.
Throughout the anastomosis, the field was continuously
irrigated with heparinized saline to prevent desiccation
of the intima and reduce the risk of thrombosis. The
opposite wall was closed in a similar fashion, and the
suture line was inspected for gaps and intimal inversion.
A video of the operation is available at the link:
https://youtu.be/hEFQNsDqBMk

Following completion, the temporary clips
were removed to re-establish flow in the donor and

A

)
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recipient vessels. Intraoperative indocyanine green
video-angiography confirmed immediate patency
and antegrade flow through the bypass (Fig. 2D).
Doppler ultrasonography further verified graft flow and
anastomotic integrity (Fig. 3A-B). Postoperative CT
angiography demonstrated contrast opacification of the
bypass without evidence of intracranial hemorrhage or
new ischemic changes. On follow-up imaging, perfusion
assessment showed a moderate increase in the cerebral
blood volume index by approximately 10-15%, reaching
8.6 mL/100 g (Fig. 3C-D).

DISCUSSION

In this case, the surgery was followed by an uneventful
postoperative course with radiological confirmation of
bypass patency on CT angiography and no evidence
of intracranial hemorrhage or new ischemic lesions.
Perfusion imaging performed on postoperative day 6

FIG. 3. Postoperative computed tomography angiography (A, B) and computed tomography perfusion (C, D) obtained 6 days

after surgery.

A. Coronal and axial reconstructions demonstrating contrast opacification of the superficial temporal artery-middle cerebral artery

bypass microanastomosis (white arrows).

B. 3D reconstruction of the cerebral arteries without radiologic evidence of intracranial hematoma or acute ischemic changes.

C, D. Increased cerebral blood volume in the right occipital lobe.
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demonstrated a moderate increase in the cerebral blood
volume index in the right occipital lobe. Although cerebral
blood volume is an indirect surrogate of hemodynamic
improvement and should be interpreted together with
additional perfusion parameters, the observed direction
of change is consistent with improved collateral supply
after flow augmentation. Clinically, no recurrent strokes
were observed within 30 days and during 11 months of
follow-up which supports technical feasibility and short-
to mid-term safety of the procedure in this highly selected
patient with documented preoperative hemodynamic
impairment.

The STA-MCA bypass technique developed by
M.G. Yasargil and R.M.P. Donaghy in the 1960s was
rapidly adopted throughout the world as a procedure for
surgical flow augmentation for ischemic cerebrovascular
disease. The initial enthusiasm for revascularization in
atherosclerotic cerebrovascular disease was substantially
tempered by the landmark 1985 Extracranial-intracranial
Bypass Study Group trial demonstrating failure to
reduce stroke risk in 1377 patients with symptomatic
disease [4]. Despite high graft patency and improved
hemodynamic metrics, perioperative stroke and death
rates in early trials were substantial, limiting net clinical
benefit. Subsequently, the Carotid Occlusion Surgery
Study reported by Powers et al. in 2011 attempted
to identify patients with hemodynamic compromise
through elevated oxygen extraction fraction on positron
emission tomography imaging, but demonstrated no
benefit of bypass over medical therapy with a 21 % stroke
rate at 2 years in the surgical group compared to 23%
in medical therapy, complicated by 15% perioperative
stroke rate [8-10].

In contrast, moyamoya disease has emerged as a
clear indication for revascularization, with the Japan
Adult Moyamoya Trial demonstrating that direct bypass
prevents ischemic strokes and may reduce hemorrhagic
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Late-onset myelopathy following Torkildsen shunt placement
for a midbrain cystic tumor: a case report

Elisey A. Trubnikov, Andrey V. Gavrjushin™, Aleksei A. Veselkov, Alexander N. Konovalov
N.N. Burdenko National Medical Research Center for Neurosurgery
16, 4" Tverskaya-Yamskaya str., Moscow, 125047, Russia

SECHENOV N
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GRAPHICAL ABSTRACT -

Late-onset myelopathy following Torkildsen shunt placement for a midbrain
cystic tumor: a case report

Summary Migration of the distal catheter after Torkildsen ventriculocisternostomy may lead to myelopathy
even decades later; however, timely surgical revision can result in complete resolution of the /
neurological deficit.

Diagnosis 5-year-old patient 37-year-old patient MRI findings
g (1983) (2015) 9
IR [t o misr Obstructive Dysphagia Distal catheter migration
hydrocephalus : . - :
Respiratory impairment H . .
N\ Tumor resection Sensory impairment in the upper extremities Selaleecipeietation
Torkildsen ventriculocisternostomy H :
External beam gamma therapy : Cervico-occipital pain Myelopathic lesion
Treatment Surgical revision

@ﬁ) \\ —

>

Suboccipital Shortening and reimplantation Fixation to the
craniotomy of the catheter into the dura mater
cisterna magna

Early postoperative period: Long-term follow-up (+10 years):

Complete resolution of the neurological
deficit No tumor recurrence

No postoperative complications ————o0 No hydrocephalus

\O Stable catheter position

Trubnikov E.A., Gavrjushin A.V., Veselkov A.A., Konovalov A.N. Late-onset myelopathy following 10 mfes :
Torkildsen shunt placement for a midbrain cystic tumor: a case report. Sechenov Medical Journal. H
2026; 17(1): 50-57. https://doi.org/10.47093/2218-7332.2026.17.1.50-57 to read :

MRI confirmed correct positioning of the
shortened distal catheter

A tract |

Torkildsen ventriculocisternostomy was historically one of the principal surgical treatments for obstructive
hydrocephalus. However, nowadays it tends to be regarded mainly as a salvage procedure when standard shunting
or endoscopic ventriculostomy is not feasible.

Case report. A 5-year-old boy with obstructive hydrocephalus secondary to a cystic midbrain tumor underwent
tumor resection combined with Torkildsen ventriculocisternostomy. Postoperatively, adjuvant radiotherapy was
administered, resulting in long-term disease stabilization. At the age of 37 years, 32-33 years after surgery, he
developed dysphagia, respiratory disturbances, cervico-occipital pain, and sensory impairment in the upper limbs.
Magnetic resonance imaging demonstrated migration of the distal catheter tip with penetration into the upper cervical
spinal cord segments and formation of a focal myelopathic lesion. A suboccipital craniotomy was performed; the
migrated catheter segment was removed, the system was shortened, and the distal end was reimplanted into the
cisterna magna with fixation to the dura mater. Complete regression of neurological deficits was achieved, with
a favorable 10-year follow-up.

© Trubnikov E.A., Gavrjushin A.V,, Veselkov A.A., Konovalov A.N., 2026
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Discussion. We report a rare delayed case of myelopathy caused by migration of the cisternal catheter tip more
than 30 years after Torkildsen ventriculocisternostomy. This observation highlights the need for lifelong surveillance
of patients who have undergone such procedures, strict adherence to surgical technique (appropriate catheter
length selection and secure fixation), and timely surgical revision at the earliest signs of brainstem dysfunction or
involvement of the upper cervical spinal cord.

Keywords: brainstem tumors; occlusive hydrocephalus; Torkildsen ventriculocisternostomy; reimplantation; long-
term follow-up
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Muenonatus Kak oTaaneHHOe OC/NIOXXKHEHUe onepauumn
TopkunbaceHa y 60/IbHOro ¢ KUCTO3HOW ONYXOJIbIO cpefHero
Mo3ra: KNIMHu4YecKoe HabnogeHue

E.A. Tpy6uuxos, A.B. l'asprommu™, A.A. Becenxkos, A.H. Konosanos
@I'AY «HauyuoHanvHwlli MEQUYUHCKUL UCCIE)08AMENLCKULL UEHMD HELPOXUpYpauu
umernu akademuka H. H. Bypdenko» Munucmepcmaa 30pasooxparerus Poccutickoii @edepauuu
yn. 4-a Teepckas-SImckas, 0. 16, 2. Mockea, 125047, Poccus

AH H 0T Ly

BEHTPUKYNOLMCTEPHOCTOMMA MO TOPKUNbACEHY MCTOPUYECKM Bblfa OAHIM 13 OCHOBHbBIX METO0B NIEYEHNS OKKITHO-
3MOHHOI rgpoLedanim, Ho Ceivac paccMaTpUBaeTCa NPeNMYLLECTBEHHO KaK Pe3epBHas NpoLiefypa npu orpaqu-
YEHHbIX BOBMOXHOCTAX A CTaHAapTHOMO LUYHTUPOBAHMSA UK SHAOCKONUYECKOA BEHTPUKYIOCTOMMM.
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Onucanue cnyvas. Y Manbumka 5 f1eT C OKK/3WOHHOW ruapoledanmeil Ha hoHe KIMCTO3HOW ONyXOnn CPeaHero
MO3ra BbIMOIHEHO ee YAaeHne C JOMNOHEHVEM BEHTPUKYOLMUCTEPHOCTOMYEN NO TopKuabAceHy. Mocne onepauum
npoBefeHa AMCTaHUMOHHAN raMMma-Tepanus, AOCTUIHYTa ANnTeNbHasa cTabunmsaums. Yepes 32-33 roga, B BO3pac-
Te 37 net, BO3HMKAN aucharus, abixaTefibHble HapyLieHns, 601 B LIEAHO-3aTbINOYHOK 061aCTH U pacCTPOICTBa
YyBCTBWTENIbHOCTY B PyKax. MarHWTHO-pe3oHaHCHas TOMOrpadus BbigBMIA MUTPaLMIO ANCTaNbHOMO KOHLA KaTeTe-
pa C MHBa3Wel B BEPXHWE LEelHble CErMEHTbI CMIMHHOMO MO3ra 1 GOpMUPOBaHUEM 04ara muenonaTui. BoinonHeHa
cyboKUMNUTaNbHAa KpaHMOTOMUS, MATPUPOBABLUMIA CErMEHT KaTeTepa yaaneH, CUCTeMa YKOpPOUeHa, ANCTanbHbIi
KOHeL, penMNNaHTMPOBaH B 60MbLLYIO 3aTbIIOYHYIO UMCTEPHY C huKcaLmei K TBepaoi MO3roBoit 060104ke. OTMe-
YeH NOMHbIA perpecc aeduunTa v 6naronpuaTHbIA 10-NeTHUIA KaTaMHE3.

06cyxaeHune. [peacTaBneH pPeaKUii OTCPOYEHHbIA cnydYail MuenonaTun, 06yCnoBNEHHOW MUrpaLueit LucTep-
HaNbHOro KOHLa KaTeTepa 6onee Yem yeped 30 NeT nocne BeHTPUKYNOLUCTEPHOCTOMMUM MO TopKMAbACeHY. Ha-
bntofeHne Nnog4YepknBaeT HeObXOANMOCTb NOXM3HEHHOTO MOHUTOPWHIA NALMEHTOB C TakMMI BMelaTenbCcTBa-
MW, CTPOroro CO6M0AEHNS TEXHWUKN (NOAGOP ANMHbBI KaTeTepa, HadexHas dukcaLlms) 1 CBOEBPEMEHHON XMPYPrit-
YEeCKOoi KOppeKLMn Npu nepBbix NpU3HaKax CTBONOBOW CUMMNTOMATUKM W NMOPAXEHUS BEPXHUX WENHbBIX CErMeH-
TOB CMUHHOIO MO3ra.

KnioyeBble cnoBa: onyxonu CTBOMA FO/I0BHOMO MO3ra; OKK/O3WOHHAsA rMapouedanis; BEHTPUKYIOUMCTEPHOCTO-
MUs No TOPKUNbACEHY; PEUMNNaHTaLMs; KaTaMHeCTUMYECKOe HabntogeHve

Py6pukn MeSH:

OMMCAHWE CITYYAEB

CTBOJTA MO3IrA HOBOOBPA30BAHNA — OCNOXHEHNA

CTBOJTA MO3IrA HOBOOBPA30OBAHNA - XUPYPT N4

FMAPOLUEGANNA = XUPYPT A

FMAPOLUEDANNA - 3TONOTNA

HEMPOXMPYPIUYECKWE METO/b

MOCNEOMEPALUMOHHBIE OCNOXHEHWA = ANATHOCTUKA

MO3IA CMTMHHOIO BONE3HN - ANATHOCTUKA

MOSIA CTTMHHOI0 BONE3HN = 3TUOA0TI A

KATAMHECTWYECKWE MCCNEOOBAHNA

Ona yntupoBanus: Tpy6HukoB E.A., MaBprownH A.B., Becenkos A.A., KoHoBanos A.H. MnenonaTus kak oTaaneHHoe
OCNOXHeHWe onepauun TopkuabAceHa y 60NbHOIO ¢ KUCTO3HON OMYyX0bH CPeAHEro Mo3ra: KMHUYeckoe Habko-
AeHve. CeyeHoBCKMIA BeCTHUMK. 2026; 17(1): 50-57. https://doi.org/10.47093/2218-7332.2026.17.1.50-57
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HIGHLIGHTS

Early revision surgery with ventricular catheter reimplantation may result in complete recovery from neurological deficits caused by

myelopathy secondary to catheter migration.

This case supports lifelong neurosurgical follow-up after Torkildsen ventriculocisternostomy because delayed complications may occur

decades later.

These findings support a more selective and judicious approach to the use of the Torkildsen procedure. In contemporary clinical practice,
ventriculocisternostomy appears justified only in patients with absolute indications.

Torkildsen ventriculocisternostomy was
historically one of the earliest and most widely
used surgical procedures for the treatment of
obstructive hydrocephalus. However, in contemporary
neurosurgical practice it is regarded mainly as a rescue
procedure [1]. Nevertheless, patients with functioning
or modified Torkildsen shunt systems continue to be
encountered in clinical practice, which underscores the
importance of assessing long-term complications of
these interventions [2].

Clinically significant late complications include
migration of the distal catheter tip with penetration
into surrounding structures, including the cervical
spinal cord, resulting in myelopathy. Such cases are
considered extremely rare but potentially disabling and
often require revision surgery at the craniovertebral
junction [3].

Despite various technical modifications and
catheter fixation techniques, the risk of distal catheter
dislocation and penetration into adjacent tissues cannot
be completely eliminated [4]. In this context, isolated
clinical observations with a very long interval after
the primary operation are of particular interest for
understanding the pathogenesis of these complications,
refining revision strategies, and assessing long-term
prognosis.

The aim of this report is to present a rare case
of distal ventricular catheter migration into the upper
cervical spinal cord occurring 33 years after surgery for
a cystic midbrain tumor, and to analyze the results of
catheter reimplantation together with long-term (10-
year) follow-up outcomes.

CASE REPORT

Hydrocephalus first manifested in a 5-year-old
boy as diplopia caused by alternating strabismus. His
general somatic condition at admission was as expected
for his age. A neurological examination revealed
brainstem signs, including fine horizontal nystagmus on
extreme gaze and static ataxia. Computed tomography
demonstrated a midbrain mass with evidence of
aqueductal obstruction at the level of the cerebral
aqueduct.

The patient underwent surgery. Intraoperatively,
a lesion with a predominantly cystic component
was identified and resected. The limited amount
of biopsy material did not permit histological

verification of the Ilesion. To prevent recurrent
hydrocephalus in the event of possible tumor
regrowth, the procedure was supplemented with
Torkildsen ventriculocisternostomy. The ventricular
catheter length was selected according to the patient’s
anthropometric characteristics. The catheter was
secured to the dura mater with interrupted sutures at
two points to ensure stable positioning.

Following treatment, the patient’s condition was
satisfactory. Neurological examination demonstrated
persistent mild brainstem signs at the level of the
pontine tegmentum, including diplopia and fine
horizontal nystagmus. In the postoperative period, a
course of adjuvant external beam gamma therapy was
administered (20 sessions), with a total focal dose of 40
Gy delivered to the operative field. During subsequent
follow-up, the patient remained clinically stable, with
no evidence of deterioration.

Clinical deterioration occurred at the age of 37
years. In September 2015, the patient presented with
dysphagia, respiratory disturbances, and sensory loss in
the upper extremities. These symptoms had been present
for one month before admission and had progressively
worsened.

General condition on admission was satisfactory.
The patient was alert and oriented, with a Glasgow
Coma Scale score of 15; respiratory rate was 17 breaths
per minute, heart rate 75 beats per minute, and blood
pressure 125/80 mmHg. Neurological examination,
in addition to persistent brainstem signs (horizontal
nystagmus), revealed impaired proprioceptive
and kinesthetic sensation in the upper extremities,
accompanied by localized pain in the cervico-occipital
region.

Magnetic resonance imaging (MRI) showed
no evidence of tumor recurrence but demonstrated
migration of the distal ventricular catheter tip with
penetration into the spinal cord at the spinomedullary
junction (Fig. 1A, B).

The development of neurological deficits associated
with migration of the distal catheter tip into the upper
cervical spinal cord and the presence of myelopathic
lesions on MRI constituted an indication for revision
surgery.

The operation was performed on September 30,
2015. A midline suboccipital craniotomy with bone
flap replacement was carried out. In the region of the
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FIG. 1. Preoperative magnetic resonance imaging data of a 37-year-old patient with dislocation of the distal ventricular catheter

tip (September 23, 2015).

A. T2-weighted sagittal image demonstrating penetration of the distal shunt catheter tip into the spinal cord at the level of the

upper cervical segments (arrow).

B. T2-FLAIR coronal image demonstrating a hyperintense lesion with ill-defined margins corresponding to focal myelopathy

(arrow).

FIG. 2. Magnetic resonance imaging of the brain performed 1 month after surgery (October 29, 2015).

A. T2-weighted sagittal image showing the shortened distal ventricular catheter tip reimplanted into the cisterna magna (arrow).
B. T2-weighted sagittal image showing the proximal ventricular catheter segment in correct position (arrow); the middle third of
the catheter courses through the occipital subgaleal space. No evidence of tumor recurrence is seen.

posterior median sulcus of the upper cervical spinal
cord, the migrated catheter tip was identified embedded
within the spinal cord parenchyma. After removal, the
distal catheter segment was shortened and reimplanted
into the cisterna magna; the distal end of the ventricular
catheter was additionally secured to the dura mater.
The postoperative course was uneventful, and the
patient was discharged in satisfactory condition on
postoperative day 5. At discharge, complete resolution
of the neurological deficit was observed, with no new
focal neurological signs.

One month after surgery, follow-up MRI confirmed
correct positioning of the shortened distal ventricular
catheter tip within the cisterna magna, with no evidence
of tumor recurrence (Fig. 2A, B).

At the 10-year follow-up after ventricular catheter
reimplantation, the patient reported only occasional
cervico-occipital pain, with no focal neurological
deficits. Annual follow-up MRI demonstrated no
significant interval changes: there was no evidence of
tumor progression or hydrocephalus, and the ventricular
catheter remained in proper position.
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DISCUSSION

In the present case, the total follow-up duration
was 43 years, representing a rare and virtually unique
experience in the management of a patient after
Torkildsen ventriculocisternostomy. This highlights
the fact that the long-term consequences of this
procedure remain clinically relevant because despite
the emergence of alternative extra- and intracranial
shunting techniques, ventriculocisternostomy and its
modifications continue to be used, albeit rarely, in
modern neurosurgery [2, 5].

During the first decades of Torkildsen ventriculo-
cisternostomy use, a pooled analysis of 136 published
cases by J.E. Scarff [6] showed that arrest of
hydrocephalus progression over a two-year period was
achieved in 58% of patients, with an operative mortality
of approximately 30%. According to N. Morota et al.
[7], these unfavorable outcomes in historical series
largely reflect the level of neuroimaging, anesthetic,
and neurosurgical care available in the mid-20" century,
when the procedure was performed as a palliative
intervention in severely ill, often terminal patients with
advanced obstructive hydrocephalus. Nevertheless, the
long-term effectiveness of the technique is supported
by isolated case reports with follow-up periods of up to
30 and 50 years, demonstrating durable shunt function
and satisfactory neurological outcomes [1, 8].

Complications of Torkildsen
ventriculocisternostomy include infectious and
nonspecific surgical complications (wound infection,
meningitis), mechanical shunt dysfunction (migration,
kinking, axial rotation, and catheter obstruction), as
well as neurological complications such as myelopathy,
tetraparesis, and facial pain caused by penetration of
the cisternal catheter tip into the brainstem or upper
cervical spinal cord [3, 7, 9].

Myelopathy is considered one of the most serious,
although rare, long-term complications of Torkildsen
ventriculocisternostomy. It results from migration or
progressive intraparenchymal advancement of the distal
catheter tip, causing compression of the cervical spinal
cord and craniocervical junction. Such cases have been
reported both 8-15 years after surgery and as late as
25-30 years or more thereafter. Clinically, patients may
present with progressive spastic tetraparesis, sensory
disturbances, and signs of medullary involvement,
whereas MRI can demonstrate the catheter penetrating
the brainstem parenchyma or upper cervical spinal
cord. Treatment usually consists of catheter removal,
shortening, or repositioning with fixation to the dura
mater; however, because of prolonged compression,
neurological deficits often resolve only partially,
underscoring the importance of early diagnosis and
prevention of catheter migration [3, 4, 10, 11].

HEMPOXUPYPI UK

In the present case, myelopathy developed 32
years after Torkildsen ventriculocisternostomy and
was most likely related to inappropriate selection of
ventricular catheter length and insufficient fixation
to the dura mater, resulting in gradual distal catheter
migration with penetration into the brainstem. Surgical
correction consisted of revision of the shunt system,
removal of the migrated catheter segment, shortening
and reimplantation of the cisternal end, and additional
fixation to the dura mater.

To prevent myelopathy caused by migration or
excessive advancement of the cisternal catheter tip,
G. Ehni et al. [3] emphasized the need for careful
selection of catheter length according to the patient’s
age, so that the catheter lies closely along the bone and
enters the subarachnoid space of the cisterna magna
only minimally. They additionally recommended
positioning the distal tip strictly in the midline and
securing it firmly to the dura and arachnoid mater with
non-absorbable sutures, splitting the catheter tip into
two thin “arms” to improve fixation. N. Morota et al.
[7], based on their experience in pediatric patients, also
highlighted the importance of thorough preoperative
MRI assessment of the craniovertebral junction, partial
resection of the posterior arch of the first cervical
vertebra when necessary, and careful insertion of the
catheter through a midline dural opening while limiting
its intradural length to approximately 2 cm, thereby
reducing the risk of compression of the brainstem and
upper cervical spinal cord.

In the present case, the most likely cause of
myelopathy was insufficient fixation of the ventricular
catheter to the dura mater, which contributed to gradual
distal catheter displacement with penetration into the
brainstem. Timely diagnosis and surgical correction
resulted in rapid and complete resolution of the
neurological deficit.

Thus, the role of Torkildsen ventriculocisternostomy
in contemporary neurosurgical practice remains
debatable in the era of widespread use of
endoscopic third ventriculostomy and various
ventriculoperitoneal shunting techniques. In most
patients, these methods are considered first-line
treatment options, whereas the Torkildsen procedure
and its modifications may serve as a salvage option in
carefully selected cases of obstructive hydrocephalus
where anatomical constraints or prior surgery
limit the use of standard techniques. In such rare
situations, strict adherence to technical principles -
including optimal catheter length selection, secure
fixation, and thoughtful revision of previously
implanted shunt systems - may reduce the risk of
severe complications and improve long-term clinical
outcomes.
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CONCLUSION

The present case demonstrates that Torkildsen
ventriculocisternostomy may provide durable long-
term control of obstructive hydrocephalus. However,
sustained shunt function is associated with a risk of
severe delayed complications related to the position of
the cisternal catheter. The occurrence of myelopathy
decades after surgery underscores the need for lifelong
surveillance of patients who have undergone this
type of cerebrospinal fluid shunting procedure, as
well as timely system revision at the earliest signs of
brainstem or cervical spinal cord involvement. Taken
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