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Abstract. Clarifying antipsychotic effects on kynurenine-pathway metabolites may improve understanding of their role
in major mental illnesses. Therefore, this study aimed to assess plasma quinolinic and kynurenic acid levels in patients
with major mental illnesses. 85 adults comprising 55 treatment-experienced patients with major mental illnesses;
schizophrenia, bipolar and depression, and 30 controls were enrolled into this study. The plasma levels of quinolinic
acid and kynurenic acid were determined using Enzyme Linked Immunosorbent Assay. Plasma quinolinic acid level
was significantly lower in patients with major mental illnesses (14.52 (7.16-48.24) mg/mL) compared with the controls
(157.79 (68.64-464.05) mg/mL). In contrast, plasma kynurenic acid level was higher in patients with major mental
illnesses (243.96 (210.65-283.05) pmol/L) compared with the controls (215.36 (185.67-243.65) umol/L). After
stratification into groups, patients with schizophrenia (22.86 (7.62-53.14) mg/mL), bipolar (15.34 (8.37-48.21) mg/mL)

Suggest Citation:
Rahamon §, Bello S, Sikirullah A, Oladele O, Lasebikan V. Plasma levels of quinolinic acid and kynurenic acid in patients with major

mental illnesses. Int ] Med Med Res. 2026;12(1):6-13. DOI: 10.63341/ijmmr/1.2026.06

‘Corresponding author (sk.rahamon@ui.edu.ng)

Copyright © The Author(s). This is an open access article distributed under the terms of the
~ Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0003-0305-5026
https://orcid.org/0009-0008-7780-8020
https://orcid.org/0009-0001-5579-8414
https://orcid.org/0009-0001-0472-4714
https://orcid.org/0000-0001-5834-9190

Rahamon et al.

and depression (6.18 (2.66-43.05) mg/mL) had significantly lower quinolinic acid levels compared with the controls
(157.79 (68.64-464.05) mg/mL). However, kynurenic acid levels were only significantly elevated in patients with
schizophrenia (247.0 (208.34-290.22 pmol/L) and bipolar (243.20 (212.85-291.12) umol/L) compared with the controls
(215.36 (185.67-243.65) pmol/L). The plasma levels of quinolinic acid and kynurenic acid did not differ significantly
among patients with schizophrenia, bipolar disorder, and depression. Treated patients with major mental illnesses
exhibited a kynurenine metabolite profile indicative of reduced neurotoxicity and enhanced neuroprotection. These
metabolites may serve as potential biomarkers for monitoring treatment effects

Keywords: antipsychotics; inflammation; tryptophan metabolism; mental health disorders; neuroprotection

Introduction

Major mental illnesses (MMI), including schizophrenia,
bipolar disorder, and depression, are complex and heter-
ogeneous conditions with substantial personal, social and
economic burdens worldwide. Aetiology extends beyond
neurotransmitter as it involves abnormalities in hypotha-
lamic-pituitary-adrenal axis regulation, alongside epige-
netic modifications, neuroinflammatory processes, and
altered kynurenine pathway metabolism. Adequate under-
standing of the biological pathways that integrate these sys-
tems is clinically essential for improving diagnosis, mon-
itoring treatment response, and advancing personalised
therapy. Among these pathways, alterations in tryptophan
metabolism and downstream neuroactive metabolites con-
tinue to gain growing attention as possible contributors to
symptom progression and therapeutic outcomes.

Inflammation has been shown to play a significant role
in the clinical progression of neuropsychiatric disorders.
Elevated levels of proinflammatory cytokines, inflammato-
ry mediators, acute phase proteins, cell sensors, and adhe-
sion molecules were found in a study by K.S. Akinlade et
al. [1] in the blood and cerebrospinal fluid of patients with
MMI. The kynurenine pathway is a biological interface
linking immune activation to neurochemical and behav-
ioural disturbances in psychiatric disorders as the pathway
generates multiple neuroactive metabolites. Approximate-
ly 95-99% of tryptophan is metabolized through the ky-
nurenine pathway, while the remainder is used for protein
synthesis or converted into serotonin and melatonin [2].
Several studies have examined alterations in kynurenine
pathway metabolites in schizophrenia. M. Markovi¢ et
al. [3] assessed plasma levels of tryptophan, kynurenine,
and kynurenic acid (KA) during both the acute and remis-
sion phases of schizophrenia. Their findings showed that
kynurenine and KA were consistently reduced in affected
individuals, regardless of disease stage, antipsychotic ther-
apy, episode number, or illness duration. In a related study,
C. Kuuskmae et al. [4] evaluated kynurenine pathway dy-
namics in schizophrenia spectrum disorders and similarly
reported decreased KA and quinolinic acid (QA), noting
that antipsychotic treatment diminished the magnitude of
pathway alterations over time.

M. Li et al. [5] analysed serum and urine kynurenine
metabolites in drug-naive patients with first-episode schizo-
phrenia and observed an elevated QA/KA ratio, indicating a
shift toward neurotoxic dominance alongside reduced con-
centrations of neuroprotective metabolites. In patients with

depression, Y. Pan et al. [6] examined the association between
cognitive deficits and kynurenine-pathway metabolites in
individuals with depression. They reported reduced plasma
concentrations of kynurenine and QA, alongside a marked
increase in KA, when compared with healthy controls. In a
related study, R. Colle et al. [7] also found decreased circulat-
ing levels of kynurenine, KA, and picolinic acid in depressed
patients, and further noted that KA levels rose significantly
after treatment with antidepressant medications.

K. Hebbrecht et al. [8] investigated how alterations in
the kynurenine pathway relate to cognitive performance
across various mood states in individuals with bipolar
disorder. Their findings showed that plasma KA concen-
trations were markedly reduced in patients compared
with healthy controls, and lower KA levels correlated with
poorer overall cognitive outcomes. More recently, E. Yavuz
Ataslar & K. Altinbas [9] assessed the predictive value of
circadian rhythm markers and tryptophan-kynurenine
pathway indices in bipolar disorder. They found that both
patients with bipolar disorder and their siblings exhibited
an increased kynurenine/tryptophan ratio. In a study in-
vestigating if individual catabolites could serve as diagnos-
tic biomarkers, M. Brum et al. [10] reported that plasma
concentrations of tryptophan, kynurenine, KA, and QA
were reduced in the overall patient cohort (schizophrenia,
bipolar disorder and depression) compared with healthy
controls, and that the pattern was largely driven by differ-
ences observed in individuals with bipolar disorder. They
however, did not observe any significant difference among
the specific diagnostic groups.

Findings across studies have been inconsistent, par-
ticularly regarding KA and QA concentrations, due
to factors like study populations, ethnicity, diagnostic
thresholds, medication exposure, and methodologies. Few
studies have explored these metabolites in African popu-
lations, despite evidence that genetic, environmental, die-
tary, and treatment factors may affect immune-metabolic
pathways. Given the differences in antipsychotic responses
across populations, there is a need for population-specif-
ic investigations. Despite the clinical burden of mental
illnesses in Nigeria, data on kynurenine-pathway metabo-
lites during antipsychotic therapy remain limited. The pur-
pose of this study was to assess alterations in specific me-
tabolites of the kynurenine pathway in patients with major
mental disorders receiving treatment, in order to address
this knowledge gap.

International Journal of Medicine and Medical Research, 2026, Vol. 12, No. 1
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Materials and Methods

This study was conducted in full compliance with the ethi-
cal principles of the Declaration of Helsinki [11]. The study
was conducted at the University of Ibadan and approved by
the University of Ibadan/University College Hospital (Ul/
UCH) Joint Ethics Committee (UI/EC/23/0456) signed on
05 August 2024. Written informed consent was obtained
from all the study participants, and for individuals with im-
paired decision-making capacity, assent was secured from
appropriate relatives or guardians. The study was conduct-
ed between August 2024 and January 2025. This study en-
rolled 85 participants, comprising 33 patients with schiz-
ophrenia, 12 with bipolar disorder, 10 with depression,
and 30 apparently healthy controls. Considering the sex of
the study participants, there were 15 males and 15 females
among the controls, while the MMI group had 28 males
and 27 females. Patients were recruited from the Psychia-
try Department of the University College Hospital, Ibadan,
and New World Specialist Hospital, Molete, Ibadan, Nige-
ria. Control participants were recruited from the Ibadan
metropolis and were certified to be free of psychiatric dis-
orders by a Consultant Psychiatrist.

Diagnoses of schizophrenia, bipolar disorder, and de-
pression were established using the Diagnostic and Statis-
tical Manual of Mental Disorders, Fifth Edition (DSM-5)
criteria [12]. Exclusion criteria included current substance
abuse or dependence, autoimmune disorders or steroid
therapy, diabetes mellitus, and severe or unstable medical
conditions. A short structured questionnaire was used to
obtain information on demography and clinical history.
The questions included age of the participant at the time
of enrollment, sex (male or female), highest level of edu-
cation attained, marital status (single, married, separated/
divorced, widowed), employment status (employed, un-
employed, student, retired), duration of illness since initial
diagnosis (in years), family history of psychiatric disorders
particularly first-degree relatives, current medications and
duration of treatment, including antipsychotics, mood sta-
bilizers, and antidepressants, history of substance abuse,
and history of comorbid medical conditions, including
autoimmune disorders, diabetes mellitus, or other chronic
illnesses. Therefater, venous blood samples (5 mL) was col-
lected from each study participant into heparin-containing
sample bottles and plasma was obtained as appropriate.
The plasma samples were thereafter, stored at -20°C until

analysed. Plasma levels of KA and QA were determined us-
ing sandwich ELISA following the manufacturer’s instruc-
tion (Melsin Medical Co., China).

Data were analysed using the Statistical Package for So-
cial Sciences version 27.0 and Graphpad version 9.0 software
package. Normal distribution of the data was assessed using
Shapiro-Wilk test and Kolmogorov-Smirnov test. Differences
in the mean values of age was determined using the Student’s
t-test, while the Kruskal-Wallis H and Man Whitney U tests
were used to determine the differences in the median values
of each variable between the groups. Chi-square was used
to determine association between sex and various cohorts.
Thereafter, a rank-based one-way analysis of covariance was
conducted to compare the different groups on the depend-
ent variable, adjusting for age as a covariate. The dependent
variable was rank-transformed due to violations of normal-
ity assumptions. The correlation between the variables was
assessed using Spearmans Rho correlation. P-values below
0.05 (2-tailed) were regarded as statistically significant. The
results are presented as mean + standard deviation, median
(interquartile range), and in box plots, where applicable.

It is important to note that the statistical power of this
study was limited by the small and unequal sample sizes
in some diagnostic subgroups. This reduces the ability to
detect small to moderate effect sizes and may affect the sta-
bility of variance estimates. Also, the absence of baseline
QA and KA levels and medication history prevent causal
inference regarding the effects of antipsychotic therapy on
selected metabolites of the kynurenine pathway. Therefore,
findings from this study should be interpreted as prelimi-
nary and require validation in larger, well-powered longitu-
dinal studies involving drug-naive cohorts.

Results and Discussion

The mean ages of the patients with MMI and controls were
36.38 £ 11.65 years and 29.40 + 7.41 years, respectively.
There was significant difference between the mean ages of
MMI compared with the controls (p=0.001). There was no
significant association between the sex and the study co-
horts (p=0.936). As shown in Table 1, plasma QA level was
significantly lower in patients with MMI compared with the
controls. In contrast, the plasma KA level was significantly
higher in patients with MMI compared with the controls.
Similarly, the median KA/QA ratio was significantly higher
in MMI group compared with the controls.

Table 1. Age, sex and plasma levels of QA and KA in patients with MMI and control

Parameters MMI (n=55) Controls (n=30) p-value
Age (years) 36.38:+11.65 20.40+7.41 0.001*
Sex
Sex 28 (50.9%) 15 (50.0%) )
FMale 27 (49.1%) 15 (50.0%) 0.936
emale
14.52 157.79 i
QA (mg/mL) (7.16-48.24) (68.64-464.05) 0.000
KA (umol/L) 243.96 215.36 0.004*

(210.65-283.05)

(185.67-243.65)

International Journal of Medicine and Medical Research, 2026, Vol. 12, No. 1
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Parameters MMI (n=55)
. 17.51
KA/QA ratio (5.46-44.21)

Continued Table 3

Controls (n=30) p-value
1.38 .
(0.25-2.47) 0-000

Note: *significant at p < 0.05; p-value from chi-square
Source: compiled by the authors

Since age was significantly different between the two
groups, a rank-based analysis of covariance was performed
to assess group differences in plasma QA, KA, and the
KA/QA ratio in MMI group compared with the controls
while adjusting for age. For QA, KA and KA/QA ratio, the
overall models were statististically significant (p = 0.000,
p=0.010 and p=0.000, respectively). As shown in Table 2,

QA ranks differed significantly in patients with MMI and
controls,afterageadjustment. A similar pattern wasobserved
for KA and KA/QA ratio. However, age showed insignificant
independent associations with QA, KA and KA/QA ratio.
Across all analyses, Bonferroni-adjusted pairwise compari-
sons revealed significant differences in QA, KA and KA/QA
ratio between the two groups.

Table 2. Age-adjusted differences in the parameters in the study participants

Outcome variable Source of variation F (df=1.82) p-value Partial n*
QA rank Diagnostic group 69.375 0.000* 0.458
Age (covariate) 1.469 0.229 0.018
KA rank Diagnostic group 7.255 0.009* 0.081
Age (covariate) 0.428 0.515 0.005
KA/QA ratio rank Diagnostic group 71.542 0.000% 0.466
Age (covariate) 2.273 0.135 0.027

Note: *significant at p < 0.05. Rank-based Analysis of Covariance was used because QA and KA were non-normally

distributed. Diagnostic groups included MMI and controls
Source: compiled by the authors

As shown in Figure 1, the plasma levels of QA were
significantly lower in patients with schizophrenia, bipolar
disorder and depression compared to controls (p-values;
<0.0001, <0.0001, and <0.0001, respectively). In contrast,
plasma KA levels were significantly higher in patients
with schizophrenia, and bipolar compared to controls
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Figure 1. Plasma levels of QA, KA and KA/QA ratio in patients

Source: compiled by the authors
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Table 3 presented the plasma concentrations of KA and
QA in patients with schizophrenia, bipolar disorder, and
depression. While significant age differences were observed
between the three groups, the plasma levels of QA, KA, and
the KA/QA ratio were comparable across all groups.

Since age was significantly different among the patients
groups, a rank-based analysis of covariance was performed to
assess group differences in plasma QA, KA, and the KA/QA
ratio while adjusting for age. As shown in Table 4, after age

adjustment, QA ranks did not differ significantly among
patients with schizophrenia, bipolar disorder, and depres-
sion (F(2.51)=0.573, p=0.568). A similar pattern was ob-
served for KA. For the KA/QA ratio, the overall model was
statistically significant; however, the diagnostic group effect
remained non-significant, while age showed a significant
independent association with the ratio (p =0.006). Across
all analyses, Bonferroni-adjusted pairwise comparisons re-
vealed no significant differences between diagnostic groups.

Table 3. Age, sex and plasma levels of QA and KA in patients with MMI and control

Parameters Schizophrenia Bipolar Depression p-value
Age (years) 40.42 +11.43 30.08 + 10.93 30.60 + 7.29 0.000*
& 0, 0, 0
ol 17 (51.5%) 5 (41.7%) 6 (60.0%) 0.689"
16 (48.5%) 7 (58.3%) 4 (40.0%) :
Female
22.86 15.34 6.18
QA (mg/mL) (7.62-53.14) (8.37-48.21) (2.66-43.05) 0.422
247.0 243.20 230.76
KA (pmol/L) (208.34-290.22) (212.85-291.12) (182.06-263.46) 0.448
KA/QA ratio 15.99 (6.41-43.38) 16.47 (4.38-28.71) 48.03 (3.45-102.67) 0.482

Note: *significant at p <0.05, ¥p-value from chi-square
Source: compiled by the authors

Table 4. Age-adjusted differences in the parameters in schizophrenia, bipolar disorder, and depression patients

Outcome variable Source of variation F (df=2.51) p-value Partial n*
QA rank Diagnostic group 0.573 0.568 0.022
Age (covariate) 3.784 0.057 0.069
KA rank Diagnostic group 0.641 0.531 0.025
Age (covariate) 0.277 0.601 0.005
KA/QA ratio rank Diagnostic group 1.324 0.275 0.049
Age (covariate) 8.294 0.006* 0.140

Note: *significant at p <0.05. Rank-based Analysis of Covariance was used because QUIN and KYNA were non-normally
distributed. Diagnostic groups included schizophrenia, bipolar disorder, and depression

Source: compiled by the authors

Correlations between plasma QA and KA levels in pa-
tients with MMI and controls are shown in Table 5. Plasma

QA level had no significant correlation with plasma KA
level in patients with MMI and controls.

Table 5. Correlation between plasma levels of QA and KA in patients with MMI and controls

Parameters MMI

r-value

p-value

Controls

r-value p-value

QA vs KA 0.179

0.191

0.162 0.391

Source: compiled by the authors

The pathophysiology of schizophrenia, bipolar disorder,
and depression encompasses various levels of neuroimmune
interactions, from the hypothalamic-pituitary-adrenal axis
to elevated pro-inflammatory cytokines that interfere with
neuroplasticity, neurogenesis, and the regulation of neu-
rotransmission in different brain regions. Considering the
complex crosstalk between neurotransmitter systems, neu-
roplasticity, and immune function, the kynurenine pathway

represents a promising target for investigation [13]. QA, a
known N-methyl-D-aspartate receptor agonist, is a known
neurotoxic metabolite implicated in neuroinflammatory
processes in MMIs such as major depressive disorder [14].
In this study, it was observed that plasma QA levels were
significantly lower in MMI patients compared to healthy
controls, even after adjusting for age. Although this obser-
vation supported the report of K. Skorobogatov et al. [15]

10 International Journal of Medicine and Medical Research, 2026, Vol. 12, No. 1
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which showed that serum QA level was significantly lower
in combined patients with schizophrenia and bipolar dis-
order compared to controls, it contrasts with other studies
that linked elevated QA level to heightened neuroinflam-
mation and excitotoxicity in patients with MMI [16]. These
discrepancies could be due to the heterogeneity in patient
characteristics, particularly the use of antipsychotic medi-
cations. In this study, all the MMI patients were on antipsy-
chotic treatment at the time of sample collection, although
medication type, dosage, or treatment duration could not
be standardised or controlled for due to limited clinical
documentation. S.R. Patlola et al. [17] reported that cer-
tain antipsychotics such as risperidone, an atypical antip-
sychotics, downregulate interleukin-6 and tumour necrosis
factor-alpha levels in patients with chronic schizophrenia.
They also reported that the duration of illness influences the
extent of cytokine alteration. This antipsychotic-associated
modulation of inflammatory pathways may impact kynure-
nine metabolism. While antipsychotic therapy may play a
role, the absence of baseline QA levels precludes definitive
conclusions about causality as other factors such as illness
chronicity, nutritional status, or immune function may also
play important roles. Taken this together with the unexpect-
edly elevated QA levels observed in the control group, these
findings underscore the need for large population prospec-
tive studies that will explore the influence of diet, systemic
inflammation, and assay variability on metabolites of the
kynurenine pathway in patients with MMI.

Changes in peripheral metabolites of the kynurenine
pathway, as reported by M. Brum et al. [10], are phase-spe-
cific and specific to disorders in patients with major de-
pressive disorder, schizophrenia, and bipolar disorder. In
this study, even after adjusting for age, the plasma levels of
QA were insignificantly different in patients with schizo-
phrenia, bipolar and depression. This observation corrob-
orates the report of F. Cathomas et al. [18] which showed
that the levels of QA in patients with schizophrenia and
depression are similar. Observation from this study could
indicate that the pattern of change in QA level in patients
with MMI on antipsychotics is similar irrespective of the
illness. KA, an endogenous antagonist of N-methyl-D-as-
partate and a-7 nicotinic receptors, was found to be signif-
icantly elevated in MMI patients particularly, those with
schizophrenia and bipolar disorder compared to controls.
These observations are consistent with the results of a study
by A. Trepci et al. [19], which reported elevated cerebro-
spinal fluid levels in these disorders. A.M. Myint et al. [20]
reported an upward trend in KA after six weeks of antip-
sychotic therapy, which may reflect a shift in the kynure-
nine pathway toward neuroprotection. While observation
from this study is consistent with the possibility of such a
shift, the lack of baseline or drug-naive comparisons limits
the strength of this inference. A study by F. Cathomas et
al. [18] reported that plasma KA levels in patients with
schizophrenia and depression were similar. Similar trend
was observed in this study as the plasma levels of KA were
insignificantly different in patients with schizophrenia,

bipolar disorder and depression. This observation further
supports the earlier suggestion that the pattern of change
in kynurenine metabolites during antipsychotics therapy
is similar irrespective of the illness.

While KA levels were elevated and QA levels reduced
in MMI patients relative to controls, were observed a sig-
nificantly higher KA/QA ratio across all patient subgroups
compared to controls. The KYNA/QUIN ratio has been
proposed as a neuroprotective index, largely reflecting the
balance between excitotoxic and neuroprotective arms of
the kynurenine pathway [14]. Previous reports on KA/QA
ratio in patients with MMI are inconsistent. B.E. Wurfel et
al. [21] reported decreased KA/QA ratio in bipolar disorder
and depression, while W. Marx et al. [22] observed no sig-
nificant differences in schizophrenia. This variability may
stem from differences in sample types, analytical methods,
clinical status, and treatment exposure. The absence of sig-
nificant differences in the KA/QA ratio, similar to the pat-
terns observed for QA and KA levels, across schizophrenia,
bipolar disorder, and depression groups further suggest a
shared metabolic profile in treated patients with MMI.

In summary, drug-experienced patients with MMI
exhibited significantly lower plasma QA levels and high-
er KA levels compared with healthy controls, resulting in a
markedly increased KA/QA ratio, even after adjusting for
age. These alterations were consistent across schizophrenia,
bipolar disorder, and depression, with no significant differ-
ences among diagnostic subgroups. The findings suggest a
shift in kynurenine pathway metabolism towards reduced
neurotoxicity and enhanced neuroprotection in drug-ex-
perienced patients.

Conclusions

This study demonstrated that age-adjusted plasma QA levels
were markedly lower in patients with MMIs than in controls
(median 14.52 (7.16-48.24) vs 157.79 (68.64-464.05) mg/
mL; F(1.82) =69.375, p <0.001, partial n*>=0.458). In con-
trast, plasma KA levels were significantly higher in patients
with MMI (243.96 (210.65-283.05) vs 215.36 (185.67-
243.65) pmol/L; F(1.82) =7.255, p =0.009), resulting in a
substantially elevated KA/QA ratio (17.51 (5.46-44.21) vs
1.38 (0.25-2.47); F(1.82) = 71.542, p < 0.001). Subgroup
analyses showed that patients with schizophrenia, bipolar
disorder, and depression all exhibited significantly reduced
QA levels and increased KA/QA ratio compared with con-
trols, while age-adjusted differences in the parameters and
their ratio were not significant among the three diagnostic
categories. These observations suggested a shared kynure-
nine metabolic profile across MMI in drug-experienced
patients. Furthermore, plasma QA and KA levels were not
significantly correlated in either the patients or controls,
indicating independent regulation of these metabolites.
Overall, the observed pattern of reduced QA, elevated KA,
and increased KA/QA ratio is indicative of a shift towards
reduced excitotoxicity and enhanced neuroprotection in
treated MMI patients, potentially reflecting the immuno-
modulatory and anti-inflammatory effects of antipsychotic
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AHoOTAL,f. 3’s1cyBaHHS BIUIMBY QHTUIICUXOTUYHIX [PENapaTiB Ha METab O/ TY KiHYPEHIHOBOTO IIUISIXY MO>Ke TOKPALIIUTI
PO3yMiHHSI IXHBOI POJIi y PO3BUTKY OCHOBHIX ICUXIYHIUX 3aXBOPIOBAHb. TOMY METOIO 1{bOTO ZOC/II/PKEHHsI OY/I0 OL[iHNTI
piBHI XiHOMIHOBOI Ta KiHYPEHOBOI KMC/IOT Yy IIa3Mi KPOBi IAIli€HTiB 3 OCHOBHUMM IICUXiYHMMM 3aXBOPIOBaHHAMM.
Y mocmimkeHHi B3AMM y4acTb 85 HOPOCINX, cepef AKMX 55 NallieHTiB 3 OCHOBHMMM ICUXiYHMMM 3aXBOPIOBAHHAMU
(mmsodpenis, 6inonapHmit posnaj Ta gelpecis), AKi paHille Mpoxoxunyu IiKyBaHHs, Ta 30 0ci6 3 KOHTPOIBHOI IPYIIML.
PiBeHb XiHOMIHOBOI KMCIOTY Ta KiHypeHOBOI KMCIOTU B IUIa3Mi KPOBi BM3Ha4a/lM 3a JOIOMOIOI0 iMyHO(]epMEeHTHOrO
aHasisy. PiBeHb XiHOMIHOBOI KMCIOTM B IUIa3Mi KpOBi OYB 3HAYHO HIDKYMM Yy TAIHEHTIB 3 TSDKKUMM ICUXIYHUMU
3axBoproBaHHsAMM (14,52 (7,16-48,24) Mr/mim) HOpIiBHSAHO 3 KOHTPOJbHOW0 rpymow (157,79 (68,64-464,05) mr/mm).
HaromicTb piBeHDb KiHypeHOBOI KMC/IOTH B ITa3Mi OYB BUIMM Yy HAL[i€HTIB 3 TSXKKUMM NICUXIYHUMM 3aXBOPIOBAHHAMMI
(243,96 (210,65-283,05) pMONIDB//I) IOPiBHAHO 3 KOHTPOIBHOW TIpymoro (215,36 (185,67-243,65) umons/m). Ilicna
crpatnikaril Ha rpynu manienTtn 3i mmusodpeniero (22,86 (7,62-53,14) mr/min), 6inonspuum posnagom (15,34 (8,37-
48,21) mr/m) Ta pempeciero (6,18 (2,66-43,05) Mr/Mt) Mamy 3HAYHO HIDKYNIL piBeHDb XiHOMIHOBOI KMCTOTU ITOPIBHSHO
3 KOHTPO/IbHOIO rpynom (157,79 (68,64-464,05) mr/mi). OnHak piBeHb KiHYpeHOBOI KUCTIOTH OYB 3HAUHO IifBUIICHNI
JIMIIIe y MallieHTiB i3 mmaodpenieto (247,0 (208,34-290,22 pmonb/m) Ta binonapHuM posnagom (243,20 (212,85-291,12)
UMOJIB/TT) TIOPiBHAHO 3 KOHTPOJIBHOK Ipymow (215,36 (185,67-243,65) umonn/n). PiBeHb xiHOMiHOBOI Ta KiHypeHOBOI
KUCTIOT He BiApisHABCS iCTOTHO y malieHTiB i3 mmsodpeHiero, OinonapHuM posnagoMm Ta fgenpeciero. [lamienTtn, ski
JIKYBaJIICA Bifj Cepil03HUX NCUXIYHUX 3aXBOPIOBAHb, M/ TPO(i/ib MeTabOoiTiB KiHypeHiHY, 11J0 BKa3yBaB Ha 3HIDKEHHSA
HeIPOTOKCUYHOCTI Ta MOCHIeHHA HeltporpoTekuil. I1i MeTabomiT! MOXyTh CIYTryBaTH IOTEHLiHMMM 6i0OMapKepaMu
I MOHITOPMHTY e(DeKTiB TiKyBaHHs

KAIOMOBi CAOBQ: aHTUICUXOTVKY; 3alajieHHs; MeTabomisM TpunTodaHy; pOsmajgyM IMCUXIYHOTO 3[0pPOB’S;
HeJPOIPOTEKif
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Abstract. Mechanical ventilation is essential in acute illness but may lead to complications such as atelectasis and
monotonous breathing, which physiotherapists help counter by using neurophysiological facilitation techniques to enhance
the respiratory function of unconscious and sedated patients. By exploring neurophysiological facilitation techniques, the
study aimed to evaluate the immediate effects of perioral pressure and intercostal stretch on cardiopulmonary parameters
in mechanically ventilated patients at the University of Benin Teaching Hospital. A randomised crossover experimental
design was used, involving ten patients (5 males, 5 females; mean age 66.2 + 8.5 years) who were haemodynamically
stable but unconscious and ventilated. Cardiopulmonary variables including systolic blood pressure, diastolic blood
pressure, heart rate, respiratory rate, oxygen saturation, and mean arterial pressure were measured before and after each
neurophysiological facilitation techniques intervention using a standardised protocol. The results showed that perioral
pressure significantly improved diastolic blood pressure (77.10+9.01 to 79.30 £ 10.34 mmHg, p=0.005), respiratory rate
(26.40 £ 6.08 to 28.30 £ 6.60 breaths/min, p=0.014), and mean arterial pressure (92.70 +10.70 to 94.00 + 10.06 mmHg,
p =0.022). Intercostal stretch significantly increased respiratory rate (26.8 + 6.07 to 28.2 £ 6.07 breaths/min, p <0.001),
while changes in systolic pressure, heart rate, and oxygen saturation were not statistically significant (p>0.05). Gender did
not influence the magnitude of changes in any cardiopulmonary parameter. The study established that neurophysiological
facilitation techniques elicited beneficial acute effects on respiratory rate and haemodynamic parameters in mechanically
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ventilated patients and highlighted neurophysiological facilitation techniques as a practical adjunct to respiratory
physiotherapy for improved cardiopulmonary stability in critically ill patients

Keywords: haemodynamic parameters; perioral pressure; intercostal stretch; respiratory therapy intervention;

intensive care physiotherapy

Introduction

The respiratory care of unconscious patients in the inten-
sive care unit (ICU) is particularly complex due to their in-
ability to perform optimal voluntary respiratory activities,
which leads to shallow breathing, atelectasis, reduced chest
expansion, and monotonous breathing. This predisposes
them to complications such as atelectasis, ineflicient gas
exchange, and secretion retention. Mechanical ventilation
remains a vital supportive treatment for patients with acute
respiratory failure, sedation, or compromised conscious-
ness; however, prolonged use of a mechanical ventilator can
result in respiratory muscle atrophy, reduced lung compli-
ance, ventilation-induced lung injury, and altered haemod-
ynamics. These challenges underscore the need for adjunct
physiotherapeutic techniques to preserve respiratory func-
tion, maintain ventilation efficiency, and minimise compli-
cations in ventilated patients.

Researchers are working to improve respiratory me-
chanics, gas exchange, and treatment outcomes for patients
on mechanical ventilation. The study by S. Das et al. [1] in-
vestigated the effect of intercostal stretch in combination
with standard chest physical therapy in mechanically venti-
lated patients. They found significant improvements in ar-
terial oxygen partial pressure (PaO,) and significant reduc-
tions in arterial carbon dioxide partial pressure (PaCO,),
with the intervention group showing greater effect than
control. In the scoping review by J.A. Carabali-Rivera et
al. [2], respiratory muscle training protocols (threshold
load training at 40-50% maximal inspiratory pressure,
twice daily, 30 repetitions) were reported to improve in-
spiratory muscle strength and enhance weaning success. In
a systematic review by D. Mankad et al. [3], combining in-
tercostal stretch and anterior basal lift techniques in neuro-
physiological facilitation of respiration, vertebral pressure,
and perioral pressure techniques were collectively found to
effectively improve haemodynamic (heart rate (HR), blood
pressure) and pulmonary parameters (tidal volume, lung
compliance, respiratory rate (RR), and peripheral oxygen
saturation (SpO,)) in mechanically ventilated patients.

In the research by K.N. Chowdhury [4], narrative re-
view highlighted that intercostal stretch technique pro-
duced consistent improvements in chest expansion, dia-
phragm excursion, and intra-thoracic lung volume across
various pulmonary conditions, including among patients
with chronic respiratory disease and in ICU settings.
S. Tong et al. [5] found that diaphragmatic stimulation sig-
nificantly reduced the duration of patients on mechanical
ventilation, improved maximal inspiratory pressure, and
increased the proportion of patients who were successfully
weaned. Furthermore, the study by T. Bassi et al. [6] on re-
storing Brain Connectivity by Phrenic Nerve Stimulation,

the addition of phrenic nerve stimulation in deeply sedated
ventilated patients with acute respiratory distress syndrome
increased cortical connectivity in frontal-temporal-parietal
cortices, suggesting neural benefits that may extend beyond
gas exchange alone. F. Azimi et al. [7] compared two phys-
iotherapy techniques (lung squeezing versus chest vibra-
tion/percussion) in mechanically ventilated patients and
found that lung squeezing significantly improved weaning
indices such as the rapid shallow breathing index. Similarly,
J. Bickenbach et al. [8] demonstrated that structured, pro-
tocolised physiotherapy delivered during prolonged wean-
ing improved clinical outcomes, further supporting the in-
tegration of physiotherapy into routine ICU management.
Ultimately, X. Xingyu et al. [9] provided evidence that pul-
monary rehabilitation, including inspiratory muscle train-
ing, significantly enhanced respiratory pressures and tidal
volume among ventilator-dependent patients, underscor-
ing its role in attenuating ventilator-associated decline in
respiratory function.

These studies collectively showed progress, but dif-
ferences in techniques, durations, outcome measures, and
patient populations leave gaps in practice knowledge re-
garding the immediate cardiopulmonary effects of peri-
oral pressure and intercostal stretch in unconscious or
deeply sedated mechanically ventilated patients. The pur-
pose of this pilot study was to investigate the immediate
cardiopulmonary effects of neurophysiological facilita-
tion of respiration techniques in mechanically ventilated
ICU patients by assessing haemodynamic variables after
eliciting neurophysiological facilitation of respiration in
the form of perioral pressure protocol and intercostal
stretch protocol.

Materials and Methods

This experimental study was carried out in the ICU of the
University of Benin Teaching Hospital, Benin City, Nigeria.
The research focused on assessing the immediate effects of
neurophysiological facilitation (NPF) techniques on key
cardiopulmonary parameters in mechanically ventilated
patients. Participants included 5 male and 5 female adults
aged 18 years and above who were unconscious and receiv-
ing mechanical ventilation in the ICU. Only patients who
demonstrated some level of spontaneous respiratory effort
and who were haemodynamically stable were considered
eligible for inclusion. To ensure safety and consistency, pa-
tients were excluded if they had suffered fractures to the
ribs, sternum, or thoracic vertebrae, had a recent history
of cardiac arrest while in the ICU, or had sustained facial
or chest burns. A simple random sampling method, which
is a type of probability sampling technique, was adopted
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to recruit a total of ten eligible participants who met the
predefined criteria. Each participant underwent a compre-
hensive clinical evaluation to confirm eligibility before in-
clusion in the study.

Socio-demographic data, including age and sex, were
collected and recorded. The mechanical ventilator used for
patient support during the interventions was the Shangri-
La 590 (China) by AEOMED Surgi Care. Cardiopulmo-
nary variables such as systolic blood pressure (SBP) and
diastolic blood pressure (DBP), HR, SpO., RR, and mean
arterial pressure (MAP) were measured using a calibrated
EDAN patient monitor (model iM60). A stopwatch timer
was employed to standardise the timing and duration of
each intervention. A crossover research design was utilised
to enhance the internal validity of the study and control
for individual variability in physiological response. A ran-
domised crossover design was employed, allowing each
participant to serve as their own control, which helped
reduce confounding factors and improves the reliability
of the outcomes. In this design, each patient received both
NPF techniques, which consisted of perioral pressure stim-
ulation and intercostal stretch, sequentially.

A washout period of 30 minutes was maintained be-
tween the two interventions to minimise any carryover
effects. The order of intervention administration was ran-
domised for each patient to reduce the potential for bias
associated with treatment sequence. Each technique was
carefully applied while observing chest wall and diaphrag-
matic movements as clinical indicators of respiratory en-
gagement. Before the application of each NPF technique,
which were also selected randomly for each patient, baseline

readings of all cardiopulmonary parameters were taken
and recorded. Following each intervention, the same pa-
rameters were re-measured immediately to assess acute
physiological responses. The neurophysiological facilita-
tion techniques were applied using standardised manual
methods designed to elicit reflexive activation of respirato-
ry muscles through proprioceptive and tactile stimulation.
Perioral pressure was administered by applying consistent
digital pressure at specific perioral points, while intercostal
stretch involved gentle but firm stretching of the intercostal
spaces in sync with the ventilator’s inspiratory phase.

Each application was performed by trained physio-
therapists experienced in neurophysiological techniques in
critical care settings. Data obtained from the assessments
were compiled and subjected to statistical analysis using the
IBM Statistical Package for the Social Sciences (SPSS), ver-
sion 27. Descriptive statistics, including means and stand-
ard deviations, were calculated for each variable. To deter-
mine whether there were statistically significant differences
between baseline and post-intervention measurements,
paired t-tests were conducted for each parameter. Addi-
tionally, independent t-tests were used to explore possible
gender-based differences in response to the interventions.
The level of statistical significance was set at p <0.05 for all
analyses. Table 1 shows the sociodemographic characteris-
tics of the patients. The mean age among the participants
in this study was 66.2 (+8.46) years. There were equal pro-
portions of male and female participants. Ischaemic stroke
was the most common diagnosis, present in 5 (50%) of the
participants. The Glasgow Coma Scale (GCS) scores for the
patients ranged from 7-14.

Table 1. Sociodemographic characteristics of the patients

Frequency Percentage
Gender
Male 5 50.0
Female 5 50.0

Diagnosis

Haemorrhagic stroke 3 30.0
Ischaemic stroke 5 50.0
Septic shock 2 20.0
Married 8 80.0
Widowed 2 20.0
Business 2 20.0
Civil servant 1 10.0
Farmer 4 40.0
Retired farmer 1 10.0
Trader 2 20.0

Range Mean +SD

Age 54-80 66.2 +£8.46

GCS 7-14 9.60+2.32

Source: compiled by authors

The study protocol was reviewed and approved by
the University of Benin Teaching Hospital Research

FEthics Committee (Protocol No. ADM/E/22/A/VOL.
VI11/148381521853). Ethical approval confirmed that the
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research complied with institutional requirements, and
written informed consent was obtained from patients’ rel-
atives or legal guardians, as the participants were uncon-
scious and unable to provide consent. The study was con-
ducted in accordance with the ethical principles outlined in
the World Medical Association [10] Declaration of Helsin-
ki on medical research involving human subjects and fol-
lowed the European Commission [11] guidelines on ethics
and data protection to ensure confidentiality and respon-
sible handling of patient information. Non-invasiveness,
and low cost of these techniques make them particularly
valuable in resource-limited ICU environments, where ad-
vanced interventions may not always be feasible. Neverthe-
less, this study was limited by its small sample size (n=10),
single-centre setting, and focus on immediate effects.

This rigorous methodological approach allowed the
researchers to evaluate the immediate physiological effects
of the neurophysiological facilitation techniques on me-
chanically ventilated patients. By carefully selecting partic-
ipants and monitoring key cardiopulmonary parameters,
the study was able to capture real-time responses to the
intervention. Additionally, the design permitted an exam-
ination of potential differences in response between male

and female participants, providing a more nuanced under-
standing of treatment effects. Overall, this approach offered
valuable insights into the potential role of neurophysiolog-
ical facilitation in optimising acute care for ICU patients.

Results and Discussion

The study evaluated the immediate effects of perioral
pressure and intercostal stretch techniques on cardiopul-
monary parameters in mechanically ventilated patients.
Results were presented in four tables: descriptive statistics,
effects of each intervention, and gender-related responses.
Key findings highlighted significant improvements in RR,
DBP, and MAP with perioral pressure and RR with inter-
costal stretch. Table 2 shows changes in cardiopulmonary
parameters before and after applying perioral pressure and
intercostal stretch. Statistical analysis demonstrated that
perioral pressure led to significant improvements in DBP:
77.1£9.0 to 79.3+10.3 mmHg, p=0.005, RR: 26.4 6.1 to
28.3 £ 6.6 breaths/min, p =0.014, and MAP: 92.7 £ 10.7 to
94.0+10.1 mmHg, p=0.022. Intercostal stretch produced a
significant increase in RR (26.8+ 6.1 to 28.2+6.1 breaths/min,
p=0.001). Conversely, SBP, HR, and SpO, showed no sig-
nificant differences (all p>0.05).

Table 2. Descriptive statistics of the SD of cardiopulmonary parameters among the patients

Range Mean +SD
Pre- and post-application of perioral pressure
Pre-SBP 105-146 125.00+15.42
Post-SBP 110-140 124.30+12.83
Pre-DBP 68-91 77.10£9.01
Post-DBP 70-96 79.30+10.34
Pre-HR 88-108 98.60£7.69
Post-HR 84-111 97.40+11.15
Pre- SpO, 91-99 97.70+2.50
Post- SpO, 92-100 98.00£2.21
Pre-RR 20-40 26.40+6.08
Post-RR 20-41 28.30£6.60
Pre-MAP 83-108 92.70£10.70
Post-MAP 83-108 94.00+10.06
Pre-SBP 104-176 124.70+21.14
Post-SBP 105-181 127.60+21.78
Pre-DBP 62-114 77.30+14.69
Post-DBP 67-99 78.80+10.59
Pre-HR 86-103 94.80+7.38
Post-HR 86-106 94.90+7.71
Pre- SpO, 92-100 97.8+2.3
Post- SpO, 92-99 96.8+2.201
Pre-RR 20-38 26.8+6.07
Post-RR 22-40 28.2+6.07
Pre-MAP 78-134 92.7+16.337
Post-MAP 84-126 94.8+13.579

Source: compiled by the authors

Table 3 showed the effect of perioral pressure pro-
tocol on cardiopulmonary parameters in mechanically
ventilated patients. There were statistically significant

acute effects for DBP (t=-3.713, p=0.005), RR (t=-3.051,
p=0.014), and MAP (t=-2.751, p =0.022). The mag-
nitude of the mean difference in DBP, 2.20 mmHg
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(+1.874), did not reveal any meaningful clinical in- increase, and lastly, the magnitude of the mean differ-
crease. The magnitude of the mean difference in RR, ence in MAP, 1.30 mmHg (+ 1.494), did not reveal any
1.90 (£ 1.97) bpm, did not reveal any meaningful clinical =~ meaningful clinical increase.

Table 3. Effect of perioral pressure protocol on cardiopulmonary parameters in mechanically ventilated patients

Paired differences
Mean SD t-value Degrees of freedom p-value
SBP -0.700 6.430 0.344 9 0.739
DB 2.200 1.874 -3.713 9 0.005
HR -1.200 7.452 0.509 9 0.623
SpO2 0.300 0.949 -1.000 9 0.343
RR 1.900 1.969 -3.051 9 0.014
MAP 1.300 1.494 -2.751 9 0.022

Source: compiled by the authors

Table 4 showed the effect of the intercostal stretch effects for RR (t=-3.713, p=0.005), but the magnitude of
protocol on cardiopulmonary parameters in mechanically  the mean difference in RR, 1.30 (£ 0.516) bpm, did not re-
ventilated patients. There were statistically significant acute  veal any meaningful clinical increase.

Table 4. Effect of intercostal stretch protocol on cardiopulmonary parameters in mechanically ventilated patients

Paired differences
Mean SD t-value Degrees of freedom p-value
SBP 2.900 5.587 -1.642 9 0.135
DBP 1.500 6.819 -0.696 9 0.504
HR 0.100 1.912 -0.165 9 0.872
SpO, -1.000 2.211 1.430 9 0.186
RR 1.400 0.516 -8.573 9 <0.001
MAP 2.100 5.666 -1.172 9 0.271

Source: compiled by authors

Table 5 showed the influence of gender on the change  responses, as independent t-tests revealed no significant
in cardiopulmonary parameters following neurophysio-  differences between male and female participants across all
logical facilitation intervention. Gender did not influence  parameters (all p>0.05).

Table 5. Influence of gender on change in cardiopulmonary parameters following neurophysiological facilitation interventions

Perioral pressure Mean + SD t-value Degrees of freedom p-value

SBP Male 0.20£5.89 0.422 8 0.684
Female -1.60+7.50
DBP Male 1.4+£0.89 -1.425 8 0.192
Female 3+2.35
HR Male -1.8+7.66 -0.241 8 0.816
Female -0.6 +£8.08
SpO, Male 0.4+0.89 0.316 8 0.760
Female 0.2+1.10
RR Male 0.8+1.30 -2.060 8 0.073
Female 3+2
MAP Male 1.2+1.64 -0.20 8 0.846
Female 1.4+£1.52
Intercostal stretch
SBP Male 3.6+5.13 0.377 8 0.716
Female 2.2+6.53
DBP Male -0.4+8.53 -0.869 8 0.410
Female 34+4.77
HR Male -0.4+£1.52 -0.811 8 0.441
Female 0.6+2.30
SpO, Male -2.2+2.59 -1.973 8 0.084
Female 0.2+0.84
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Continued Table 5

Perioral pressure Mean +SD t-value Degrees of freedom p-value
Intercostal stretch
RR Male 1.6 £0.54 1.265 8 0.242
Female 1.2+0.45
MAP Male 1+6 -0.591 8 0.571
Female 3.2+5.76

Source: compiled by the authors

Hypothesis testing showed that perioral pressure had
a statistically significant effect on DBP (p = 0.005), RR
(p=0.014) and MAP (p=0.022), and therefore, the null hy-
potheses were rejected. However, no significant effect was
found on SBP, HR and SpO;, which gave grounds for ac-
cepting the null hypotheses. The effect of intercostal stretch
was observed only for RR, where a statistically significant
change was recorded (p =0.001), leading to the rejection
of the null hypothesis. However, no significant effects
were identified for systolic and DBP, HR, SpO,, and MAP;
therefore, the null hypotheses for these parameters were
accepted. The findings of statistical analysis demonstrat-
ed that perioral pressure led to significant improvements,
suggesting that NPF techniques (perioral pressure proto-
col) can elicit positive changes in selected cardiopulmonary
parameters, though not uniformly across all variables. The
observed improvements were attributed to the physio-
logical mechanisms underlying NPF techniques. Perioral
pressure protocol most likely activated trigeminal afferents,
hence projecting to medullary respiratory centres, there-
by enhancing respiratory drive and autonomic responses.
This reflex pathway may explain the rise in DBP and MAP,
thereby reflecting modest increases in vascular tone and
peripheral resistance.

The reliability of these observed responses may also be
influenced by the randomised crossover design employed
in this study. As B. Jones & M.G. Kenward [12] explained,
crossover designs are highly effective in biomedical and
clinical research because they allow each participant to
serve as their own control, thereby reducing confound-
ing factors and improving the reliability of outcomes. This
principle aligned with the present study, in which each par-
ticipant experienced both intervention protocols, allowing
within-subject comparisons that strengthened the validity
of the observed changes in DBP, MAP, and RR.

Intercostal stretch protocol (produced a significant in-
crease in RR; 26.8 6.1 to 28.2+ 6.1 breaths/min, p=0.001
still SBP, HR, and SpO, showed no significant differences;
all p>0.05) on the other hand, may stimulate intercostal
muscle spindles and rib mechanoreceptors, thereby aug-
menting afferent input to the brainstem and improving
ventilatory rhythm, as reflected in the consistent increases
in RR. These findings were supported by previous studies
that explored the physiological effects of respiratory fa-
cilitation techniques. K.D. Thorat et al. [13] demonstrat-
ed that respiratory PNF enhances chest wall mobility and
stimulates neural pathways, which aligns with the observed
increase in RR in the present study. While K.D. Thorat et

al. investigated spinal cord injury patients, the underlying
mechanism of neural activation may similarly explain the
enhanced ventilatory rhythm in the participants of this
study. A. Salve et al. [14] reported significant improve-
ments in RR, tidal volume, and oxygen saturation following
vertebral pressure and intercostal stretch in patients with
impaired consciousness. These results reinforced author’s
findings of increased RR, suggesting that intercostal stim-
ulation contributes to improved afferent signalling to the
respiratory centres. Although SpO, did not change signif-
icantly in author’s cohort, the alignment with A. Salve’s et
al. findings supported the notion that short-term interven-
tions may initially affect ventilatory patterns before impact-
ing oxygen saturation. Furthermore, T.O. Jenkins et al. [15]
demonstrated that inspiratory muscle training in ventilated
patients enhanced oxygen consumption proportional to
inspiratory load, highlighting the capacity of respiratory
muscles to adapt to stimulation. In a recent randomised
clinical trial involving COVID-19 patients, S. Kumar et
al. [16] demonstrated that NPF techniques significantly
improved SpO, and reduced dyspnea, supporting the idea
that NPF stimulation can enhance respiratory effectiveness
even in acute illness. Similarly, S. Patel & H. Prajapati [17]
reported that NPF applied in children with spastic cere-
bral palsy significantly increased respiratory rate and chest
expansion, aligning with author’s findings on enhanced
ventilatory drive and thoracic mobility following perioral
pressure and intercostal stretch. Taken together, these stud-
ies provided mechanistic support for author’s observations
and indicate that NPF techniques can acutely enhance res-
piratory dynamics, even in critically ill participants. The
present findings also align with those of Q. Zhou et al. [18],
who demonstrated that proprioceptive neuromuscular fa-
cilitation combined with inspiratory muscle training sig-
nificantly improved respiratory function and extubation
outcomes in neurocritical patients. The increase in respira-
tory rate observed in the intercostal stretch protocol is con-
sistent with their report of enhanced respiratory dynamics
following neuromuscular facilitation. Although inspirato-
ry muscle training was not included in the present study,
the physiological enhancements described by Q. Zhou et
al. support the interpretation that NPF techniques can
modulate respiratory centres and improve respiratory ef-
fectiveness even in short-term application.

The improvements in RR, DBP, and MAP observed
in this study suggested that NPF techniques of respiration
may enhance alveolar ventilation, gas exchange efficien-
cy, and circulatory stability. Enhanced upper chest wall
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expansion and diaphragmatic excursion, as reported by
A. Nair et al. [19], likely contributed to the observed im-
provements in RR, DBP, and MAP in the current study by
facilitating greater lung volumes and more efficient alveo-
lar ventilation. While A. Nair’s study primarily evaluated
structural changes in chest wall mechanics, the findings of
the current study suggest that these mechanical improve-
ments translate into functional benefits in ventilation and
circulatory stability. These effects were further supported
by K.D. Thorat et al. [13], whose research on respiratory
PNF highlighted how stimulation of neural pathways can
augment chest wall mobility. Comparing these studies with
the current results, it appears that NPF techniques produce
both mechanical and neurophysiological enhancements,
which together may explain the modest but consistent in-
creases in respiratory and haemodynamic parameters ob-
served in the study participants. Although SpO, did not
significantly change in this study, the observed increases
in RR and MAP may still provide clinically relevant ben-
efits, such as reducing the risk of hypoventilation, atelec-
tasis, and inadequate organ perfusion in critically ill pa-
tients. Similarly, T. Réginault et al. [20] demonstrated that
structured inspiratory muscle training improved maximal
inspiratory pressure and endurance in ventilated patients.
This aligns with current findings of increased RR and MAP,
suggesting that even short-term NPF interventions may
enhance respiratory muscle performance and autonomic
regulation. A.I.C. de Medeiros et al. [21] further confirmed
that inspiratory muscle training strengthens respiratory
muscles and improves functional outcomes in patients with
ICU-acquired weakness, supporting the idea that targeted
stimulation can produce measurable physiological adap-
tations. Notably, the present study observed no significant
gender differences, consistent with the systematic review by
D. Mankad et al. [3], indicating that chest NPF techniques
benefit both male and female patients. Together, these
studies contextualise author’s findings within a broader
evidence base, highlighting that NPF interventions can
acutely improve respiratory dynamics, enhance circulato-
ry stability, and support clinical practice in intensive care
settings. Additionally, the study by I. Etikan et al. [22] cor-
roborated these findings, emphasising the positive impact
of respiratory PNF techniques on improving respiratory
function in critical care patients.

In summary, neurophysiological facilitation tech-
niques, including perioral pressure and intercostal stretch,
can improve key cardiopulmonary parameters in critical-
ly ill participants. The interventions increased respiratory
rate, diastolic blood pressure, and mean arterial pressure,
reflecting enhanced respiratory and circulatory function.
These benefits were consistent across genders and align
with previous evidence on respiratory facilitation tech-
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niques. Overall, the findings support the use of NPF inter-
ventions to optimise respiratory and haemodynamic out-
comes in intensive care settings.

Conclusions

This pilot study investigated the acute cardiopulmonary
responses to NPF techniques, specifically perioral pressure
and intercostal stretch, in mechanically ventilated inten-
sive care patients. The findings provided preliminary evi-
dence that such physiotherapeutic interventions may offer
measurable benefits in optimising respiratory and haemo-
dynamic function in critically ill, unconscious patients.
Perioral pressure improved diastolic blood pressure, mean
arterial pressure, and respiratory rate, while intercostal
stretch primarily enhanced respiratory rate, indicating that
both techniques can positively influence cardiopulmonary
performance without adverse effects. Other parameters,
including systolic blood pressure, HR, and oxygen satura-
tion, did not demonstrate statistically significant changes.
Importantly, no adverse effects were observed, and gender
did not influence the magnitude of responses.

These results suggest that NPF techniques used on
mechanically ventilated unconscious ICU patients to stim-
ulate intermittent deep breaths in monotonous breathing
and encourage chest expansion and diaphragmatic excur-
sion, may serve as safe and practical adjuncts in intensive
care physiotherapy. As the impact of these manifestations
does not adversely affect the cardiopulmonary variables,
even modest increases in RR may reduce the risk of atelec-
tasis and secretion retention, while small increases in MAP
could enhance perfusion in patients with haemodynamic
compromise. The modest magnitude of change in haemo-
dynamic parameters also raises questions about long-term
clinical relevance. Future research should involve larger,
multicentre trials with repeated NPF interventions to as-
sess long-term outcomes and clarify underlying physio-
logical mechanisms, providing stronger evidence to guide
clinical practice in mechanically ventilated patients.
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AHoTauig. [lITyyHa BeHTWIALis JIeTeHb € HEOOXiJHOW NpM TOCTPUX 3aXBOPIOBAHHSIX, ajle MOXKE IIPU3BECTH
IO TaKMX YCKJIaJHeHb, fK aTeleKTa3 i MOHOTOHHe AVXaHHA, fAKUM (QisioTepameBTM HONOMAraloTh IIPOTUAIATH,
BMKOPUCTOBYIOUM Helipodisionoriyni MeTogyu cTUMyNALil MIA HOMINIIEHHA AUXaabHOI (YHKIIl HauieHTiB, Aki
nepeOyBalOTh y HEIPUTOMHOMY CTaHi Ta I Hi€lo cemaTMBHMX IpenapaTiB. JlocmimpkeHHs Oyro copsMoBaHe Ha
BMBYEHH: Helpodi3ioNorivyHnx MeTOmiB CTUMYIIALIl 3 MeTOI0 OLiHKM 6e3II0CepefHbOr0 BIUIMBY HATUCKAHHA Ha
BEPXHIO I'y0y Ta po3TATyBaHHA MbKpeOepHNUX M A3iB Ha ceplieBO-JIereHeBi IIapaMeTpy y HallieHTiB, AKi nepeOyBann
Ha IITYYHil BEeHTUIALI IeTeHb B YHiBepCUTETCHKill KIiHiuHii mikapHi beniny. byno Bukopucrano pangomisoBaHmin
HepeXpecHNIT eKCIIepMMeHTaIbHIN JU3aliH, B IKOMY B3s/IM y4acTb AeCATb HalieHTiB (5 40/moBikiB, 5 KiHOK; cepenHii
BiK 66,2 + 8,5 pokiB), sKi Oy/Iu reMofMHaMI4HO cTabiIbHMMY, a/le epeOyBaIy y HEIPUTOMHOMY CTaHi Ta Ha IITYYHIl
BEHTHU/IALI ytereHb. KappiomynbMoOHanbHi MOKa3HMKY, BKIOYA04M CHCTONIYHUI apTepialbHMII TUCK, JiaCTOMIYHUI
apTepialbHUI TUCK, YACTOTY CEPLEBUX CKOPOYEHD, YaCTOTY AVIXAHHsA, HACMYEHHs KMCHEM Ta CEPEJHIN apTepia/bHuMil
THUCK, BMMIpIOBa/IM [O Ta HiC/Ig KOXHOTO BTPY4YaHHA 3a JOIIOMOrol0 Helipodisionorivnmx MertopiB dacwriTanii,
BUKOPUCTOBYIOUM CTaH[aPTU30BaHMII MPOTOKON. PesynpTaTy mokasamu, L0 IepopajbHe NPUTHCKAaHHA 3HAYHO
nominmmio fiactonivHuil aprepianpamit Tuck (77,10 £ 9,01 go 79,30 + 10,34 mmHg, p = 0,005), yacToTy AuxaHHA (3
26,40+6,08 no 28,30+ 6,60 BruxiB/xB, p=0,014) Ta cepenHiii aprepianbamit TUCK (3 92,70+ 10,70 mo 94,00 10,06 mmHg,
p =0,022). MixxpebepHe pO3TATHEHHA 3HAYHO 30IBIINIO YacTOTY AUXaHHA (3 26,8 + 6,07 mo 28,2 + 6,07 BOMXiB/XB,
p < 0,001), Toxi AK 3MIiHM CUCTOIIYHOTO THUCKY, YaCTOTM CEpLEBUX CKOPOYEHb Ta HaCUYEHHsA KICHEM He 6ym/1
CTATUCTUYHO 3HauyIumiu (p>0,05). CraTh He BIUIMBaJIa Ha BEIMYMHY 3MiH Oy/Ib-IKMX CepLieBO-/IeTeHeBYX IapaMeTpiB.
JocrmifkeHHA BCTaHOBUIIO, 110 Helipo¢isionoriyni MeTomy CTUMYIIALIT MaIy IO3UTVBHMIL TOCTPUIL epeKT Ha 4acTOTy
OVMXaHHA Ta TeMOAVHAMIiuHi IapaMeTpy y Ialli€eHTiB, AKi IepeOyBaayu Ha WITY4YHil BeHTWIALIl jereHb. Bupineno
HelipoisionoriuHi MeTORM CTUMYIIALII AK IPAaKTUYHNUI JOIIOMDKHMI 3aci6 pecniparopHoi disioTeparii g mominmenHsa
CcepIieBO-TIeTeHeBoi CTabiTbHOCTI y TMAIli€HTiB y KpUTUYIHOMY CTaHi

KAlo4OBi CAOBQ: reMonmHaMiuHi TapaMeTpy; IepiopanbHMil TUCK; MDKpeOepHe PO3TATHEHHS; PECIipaTOpHa Tepallis;
inTeHcuBHa Teparis; pisioTepanisa
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Abstract. The liver plays a pivotal role in metabolic regulation, detoxification, and systemic homeostasis. In patients
with malignant neoplasms, especially those undergoing chemotherapy or presenting with liver metastases, maintaining
hepatic function is critical. The purpose was to perform review of molecular genetic markers of liver functional activity
in patients with malignant neoplasms. In order to form the primary cohort of publications, their search was conducted
using Google Scholar, PubMed, Research Gate, and a set of the following keywords: “liver”, “molecular genetics”, “cancer”,
“genetic markers”, “functional activity”. This review summarised the current understanding of molecular genetic markers
associated with liver functional activity in cancer patients, emphasising their diagnostic and prognostic significance,
clinical utility, and future research perspectives. Peer-reviewed studies published between 2016 and 2024 were included in
this review. Among the reviewed studies, several molecular genetic markers consistently emerged as significant indicators
of liver functional status: CYP450 Enzymes (CYP3A4, CYP1A2, CYP2E1), UGT1Al 28 Polymorphism, GSTM1 and
GSTT1 Null Genotypes. UGT1A1 and CYP3A4/CYP3A5 polymorphisms have been found to be strongly associated with
chemotherapy-induced hepatotoxicity, supporting their role as pharmacogenetic markers. Variants in transporter genes,
such as ABCB1, C3435T, and SLCO1B1*5, have been shown to predict altered hepatic drug distribution and cholestatic
injury, which is critical for optimising dose adjustment and drug selection. Profiling of cytokines (e.g., IL-6, TGF-f1),
oxidative stress markers (e.g., TP53, SOD2), and circulating non-coding RNAs (e.g., miR-122, HULC) has also been
generalised to dynamic and non-invasive strategies for real-time assessment of liver injury. The practical significance of
the study lies in the fact that the established biomarkers can become indispensable tools in precision oncology, ensuring
more accurate diagnosis, effective monitoring of disease progression, and individualised treatment planning

Keywords: biomarkers; cancer; hepatotoxicity; gene expression; liver metastasis

Introduction

The liver is a central organ involved in numerous physio-  cancer therapies. In patients with malignant neoplasms,
logical processes, including metabolism, synthesis of plas-  particularly hepatocellular carcinoma (HCC) and meta-
ma proteins, and detoxification of xenobiotics. In oncology,  static liver disease, these functions are frequently disrupt-
the liver is not only a frequent site of primary and meta-  ed, leading to significant alterations in treatment response
static tumours but is also profoundly affected by systemic  and overall prognosis. Advances in molecular genetics have
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Molecular genetic markers...

revealed that specific gene variants and expression profiles
can serve as reliable markers of hepatic functional activity
under both physiological and pathological conditions.

Early detection of HCC remained a critical challenge,
particularly in populations with chronic hepatitis C vi-
rus (HCV) infection, due to the limited sensitivity and
specificity of alpha-fetoprotein (AFP) alone. Previous re-
views by B. Zhang et al. [1] and by M. Peruhova et al. [2]
highlighted alternative biomarkers-such as glypican-3
(GP73), osteopontin, AFP-L3, des-y-carboxyprothrom-
bin, circulating microRNAs, and circulating tumour DNA
(ctDNA) - which showed promise, especially when used in
combination panels. A. Daif et al. [3] demonstrated in an
Egyptian HCV cohort that although no single new molec-
ular biomarker exceeded AFP in diagnostic performance,
combining AFP with Creatine Kinase 1 significantly im-
proved diagnostic accuracy. Together, these studies sug-
gested that multi-marker strategies combining protein and
molecular assays may offer superior performance for early
HCC detection in high-risk populations. R. Nevola et al. [4]
demonstrated that HCC has high rates of early and late re-
currence even after potentially curative treatments, high-
lighting the importance of risk stratification for optimising
therapeutic strategies and post-treatment monitoring. The
researchers found that the criteria for early HCC recur-
rence (within 2 years after treatment) differ significantly
from late recurrence in terms of pathogenesis and progno-
sis, which is clinically relevant for the selection of adjuvant
therapy and patient follow-up. J. Ding et al. [5] conducted
a study to investigate the role of acid-sensitive ion channel
la (ASICla) in chondrocyte senescence and its potential
involvement in osteoarthritis. Their research focused on
the molecular mechanisms through which ASICla con-
tributes to the ageing of cartilage cells (chondrocytes) and
the development of osteoarthritis, a degenerative joint dis-
ease. W. Yang et al. [6] investigated the damages caused
by ethanol in human vascular diseases; the results showed
that doxycycline restored the level of ageing-related pro-
teins such as LMNB1 by reducing the extent of mechanistic
target of rapamycin and NF-kB activation, thus alleviating
ethanol-induced inflammation and ageing. H. Maeda et
al. [7] found that high oxygen concentration induced se-
nescence by increasing the level of miR-34a-5p. Moreover,
LMNBI gene deletion increased p21 gene expression.

R.S. Nelson et al. [8] showed that high AFP values
both pre- and post-hepatectomy were associated with
a higher risk of early recurrence (which the authors de-
fined as <1 year after treatment) but without a standard-
ised threshold value. Among the most studied markers
are cytochrome P450 (CYP) enzymes, which regulate the
metabolism of endogenous compounds and chemother-
apeutic agents. Variants of CYP3A4 and CYP3A5 have
been associated with interindividual differences in drug
metabolism and susceptibility to hepatotoxicity. In addi-
tion, genes encoding structural and functional proteins,
such as albumin (ALB), and tumour-associated markers

like AFP, provide important insights into the synthetic
and oncogenic status of the liver. Using a retrospective
data analysis, M. Saiz-Rodriguez et al. [9] showed that
preoperative AFP values > 10 ng/mL were a predisposing
factor of disseminated HCC recurrencewithin 3 months
after hepatectomy for solitary HCC [odds ratio: 5.333;
95% confidence interval (CI): 1.095-25.985]. Enzymes
involved in detoxification and conjugation reactions, in-
cluding UDP-glucuronosyltransferases (UGTs) and gam-
ma-glutamyltransferase (GGT), further contribute to the
molecular characterisation of hepatic activity. In X. Liu et
al. [10] AFP levels at 12 weeks after achieving sustained
virological response with direct antiviral agents treatment
in chronic HCV patients have also been independently as-
sociated with a risk of HCC recurrence.

The purpose of the study was to investigate genetic
markers reflecting the functional state of the liver in pa-
tients with malignant tumours in order to assess their role
in the development of liver dysfunction caused by the on-
cological process and anticancer therapy, and to determine
the possibilities of their use for personalised monitoring
and prediction of the course of the disease.

Materials and Methods

In order to form the primary cohort of publications, the
search for such publications was conducted using Google
Scholar, PubMed, Research Gate, and a set of the follow-
ing keywords: “liver”, “molecular genetics”, “cancer”, “ge-
netic markers”, “functional activity”. Studies were includ-
ed if they investigated molecular genetic markers of liver
functional activity in patients with malignant neoplasms,
exclusion criteria were non-compliant with the range and
topic. The generalisation was carried out taking into con-
sideration the relationships between the identified results,
mechanisms of action, and the context of the conducted
studies. Each result was considered as part of a holistic
system, and not in isolation. Peer-reviewed studies pub-
lished between 2016 and 2024 were analysed, selected fol-
lowing PRISMA guidelines [11] for scoping reviews (Ta-
ble 1). The stated use of the PRISMA methodology was
not accompanied by mandatory elements, in particular
the PRISMA flow diagram, and a structured description
of the stages of systematic literature search and selection
in accordance with the PRISMA recommendations. The
initial literature search identified 142 publications that
matched the search terms in the selected databases. Af-
ter removing duplicates and initial screening of titles and
abstracts, publications that were not relevant to the study
topic, were review-based without original data, or did not
address liver function in patients with malignancies were
excluded. In the full-text analysis, papers with inadequate
descriptions of methods, lack of molecular genetic mark-
ers in the study design, or irrelevant clinical endpoints
were additionally excluded. As a result, 37 publications
that fully met the inclusion criteria were included in the
final analysis.
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Table 1. Statistical analysis of reviewed literature

Marker category Number of studies (n = 142) Studies with significant results (%)
CYP enzymes 38 71.1
UGT enzymes 21 90.5
Transporters 30 76.7
Inflammatory/Fibrotic markers 28 57.1
Apoptotic/Stress markers 17 58.8
Non-coding RNAs 8 87.5

Source: created by the authors

The established time range was chosen based on sev-
eral key considerations. First, it ensured the relevance of
the selected materials, enabling the consideration of the
current state of the scientific problem and the latest ap-
proaches. Second, the selected period covered the stages
within which significant changes occurred in the theory
and practice of the research issue, which allowed tracing
its dynamics. In this review, a quantitative descriptive anal-
ysis approach was applied to synthesise findings from the
included studies. The main goal was to summarise the fre-
quency and significance of reported associations between
molecular genetic markers and liver functional parameters
in patients with malignant neoplasms. Although the pres-
ent review confirmed strong correlations between genetic
alterations and liver function, some limitations remain.
Variability in study design, small sample sizes, popula-
tion-specific allele frequencies, and inconsistent biomark-
er validation methods can influence the generalisability of

|

results. Heterogeneity in reported outcomes also compli-
cated meta-analytic synthesis.

Results and Discussion

The liver’s involvement in cancer extends beyond HCC and
includes secondary liver malignancies, paraneoplastic syn-
dromes, and drug-induced liver injury. Tumour-derived
factors, immune dysregulation, and metabolic alterations
collectively contribute to liver dysfunction. Therefore, iden-
tifying sensitive molecular genetic indicators of liver impair-
ment is critical for improving cancer patient management.
The analysis of Y. Liang et al. [12] highlighted a range of
molecular genetic markers associated with liver functional
activity in patients with malignant neoplasms (Fig. 1). Ac-
cording to .M. Mokhosoev et al. [13] and E Wang et al. [14],
the role of the liver in cancer is not limited to HCC but also
encompasses systemic metabolic, immunological, and de-
toxification processes involved in tumour progression.

IL-6
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Figure 1. Regulation of liver gene expression by oncogenic and inflammatory pathways in malignant neoplasms
Note: KRAS - proto-oncogene, GTPase; IL-6 - interleukin-6; TNF-a — tumour necrosis factor-alpha; HNF-4a - hepatic
nuclear factor 4 alpha; CAR - constitutive androstane receptor; PXR - pregnane X receptor

Source: W. Sun et al. [15]
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Studies by A.C. Tricco et al. [11], X.Y. Wei et
al. [16], J. Zhang et al. [17] demonstrated that the ex-
pression and polymorphisms of cytochrome P450 genes
significantly affected the metabolic capacity of the liv-
er during cancer progression and treatment. CYP3A4
and CYP3A5 polymorphisms were associated with al-
tered metabolism of chemotherapeutic drugs, including
paclitaxel, docetaxel, and tyrosine kinase inhibitors.
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Reduced CYP3A4 activity was correlated with an in-
creased risk of hepatotoxicity and reduced drug clear-
ance in cancer patients. Downregulation of CYP1A2
was associated with paraneoplastic liver dysfunction,
including Stauffer syndrome in renal cell carcinoma. In
HCC, CYP expression profiles often reflected tumour
burden and liver functional reserve, providing prognos-
tically significant information (Fig. 2).
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Figure 2. Relative expression levels of key liver-specific genes (CYP3A4, ALB, AFP, GGT) in three patient groups

Note: data were presented as mean relative expression values

Source: J. Tani et al. [18]

Variants in key transporter proteins (e.g. ABCB1, SL-
CO1B1) and drug-inactivating enzymes also contribute:
polymorphism in ABCBI1 (C3435T) has been reported by
Y. Senent et al. [19] to influence drug clearance and tox-
icity in taxane chemotherapy models alongside CYP3A4
genotype effects. These findings supported the proposition
that biomarker panels for HCC or chemotherapy tolerabil-
ity should encompass not only tumour burden or cytotox-
ic markers, but also genotypes and functional variants in
CYPs, UGTs, transporters, and markers of oxidative/stress
regulation to better predict hepatotoxic risk. The polymor-
phism of UDP-Glucuronosyltransferases (UGT1A128 - a
thymine and adenine nucleotides repeat expansion in the
promoter region) significantly affects glucuronidation ca-
pacity. Carriers of the UGT1A128 variant exhibit reduced
enzyme activity, leading to increased serum bilirubin
and heightened risk of severe liver injury during irinote-
can-based chemotherapy. Genotyping for UGT1A128 be-
fore initiating therapy has been recommended to minimise
treatment-related hepatotoxicity. Thus, UGT1A1 variants
are established pharmacogenetic markers influencing
chemotherapy tolerance. Alterations in hepatic transporter
genes are increasingly recognised as determinants of liver
function and drug-induced injury: ABCB1 (MDRI) pol-
ymorphisms (e.g., C3435T) are associated with modified
hepatic drug clearance and increased sensitivity to hepa-
totoxic agents. The study by C.Y. Li et al. [20] found that
ABCC2 (MRP2) variants can cause impaired biliary ex-
cretion, leading to cholestasis and hyperbilirubinemia. SL-
CO1B1 polymorphisms (SLCO1B15 allele) are implicated
in altered hepatic uptake of statins and chemotherapeutic

agents, increasing the risk of liver dysfunction. Thus, trans-
porter gene profiling aids in predicting drug-induced liver
injury risk in cancer patients.

Inflammatory cytokines and fibrotic markers were
shown to modulate changes in the liver microenvironment
in oncologic patients. According to the study by D. Sz-
klarczyk et al. [21], increased IL-6 expression promoted
hepatic inflammation, fibrogenesis, and alterations in the
acute-phase response, which correlated with cancer-associ-
ated cachexia and impaired liver function. Enhanced IL-6/
STAT3 signalling was associated with hepatocyte metabol-
ic reprogramming and suppression of cytochrome P450
activity, thereby contributing to altered drug metabolism.
TGF-B1 signalling induced activation of hepatic stellate
cells and excessive extracellular matrix deposition, result-
ing in progressive fibrosis and functional deterioration of
the liver in patients undergoing systemic anticancer ther-
apy. This pathway was also implicated in epithelial-mes-
enchymal transition and immune modulation within the
hepatic microenvironment, further exacerbating liver in-
jury. Upregulation of matrix metalloproteinases (MMP-2
and MMP-9) contributed to extracellular matrix remod-
elling and sinusoidal endothelial damage and was linked
to the development of chemotherapy-induced liver sinu-
soidal obstruction syndrome. Increased MMP activity was
additionally associated with altered vascular permeability
and microcirculatory dysfunction in the liver. Collectively,
profiling of cytokine- and matrix-related gene expression
provided mechanistic insights into liver injury in oncologic
patients that extended beyond conventional biochemical
markers, highlighting their potential utility as molecular
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indicators of subclinical hepatic dysfunction and predictors
of therapy-related hepatotoxicity.

Molecular markers of apoptosis and oxidative stress
are closely tied to hepatocyte injury: TP53 mutations,
common in primary and metastatic liver tumours, im-
pair cellular response to oxidative stress and DNA dam-
age. Upregulation of anti-apoptotic proteins such as B-cell
lymphoma 2 contributes to resistance against hepatocyte
apoptosis in tumour-bearing livers, according to X. Tan et
al. [22]. Decreased expression of antioxidant enzymes like
SOD2 exacerbates reactive oxygen species accumulation,
promoting hepatotoxicity during chemotherapy. Thus, al-
terations in apoptotic and oxidative stress pathways influ-
ence the liver’s vulnerability to both tumour progression

and anticancer therapy. Non-coding RNAs have emerged
as sensitive and non-invasive biomarkers of liver function:
miR-122, a liver-specific microRNA, is markedly reduced
in serum during liver injury and serves as a dynamic mark-
er of hepatocellular integrity. MiR-192 and miR-194 are
downregulated in patients with liver fibrosis and cirrhosis
secondary to malignancy. Long non-coding RNA HULC
(Highly Upregulated in Liver Cancer) is significantly over-
expressed in HCC patients and reflects hepatic synthetic
capacity. Therefore, circulating microRNAs and IncRNAs
offer promising tools for real-time, non-invasive assess-
ment of liver function in oncologic patients. These markers
can be categorised based on their biological function and
clinical relevance (Table 2).

Table 2. Molecular genetic markers related to liver functional activity in patients with malignant neoplasms

Category

Drug metabolism

Key markers

CYP3A4, CYP1A2, UGTI1Al

Clinical utility

Predict hepatotoxicity risk, guide drug
dosing

Transport proteins

ABCB1, ABCC2, SLCO1B1

Assess drug clearance, prevent cholestasis

Inflammation/Fibrosis

IL-6, TGF-p1, MMPs

Detect early liver injury, monitor fibrosis

Apoptosis/Stress

TP53, BCL-2, SOD2

Evaluate resilience to therapy-related
injury

Non-coding RNAs

miR-122, HULC

Dynamic non-invasive liver monitoring

Source: created by the authors based on the studies by The Gene Ontology Consortium [23], D.G.P. van Ijzendoorn et

al. [24], S. Xu et al. [25]

Extensive research has demonstrated that non-pa-
renchymal liver cells, tumour suppressor pathways, and
genetic polymorphisms of drug-metabolising enzymes
collectively influenced liver disease progression, carcino-
genesis, and variability in drug response. Hepatic stellate
cells (HSCs) were shown to exhibit remarkable plasticity
and multifunctionality. Initially considered primarily as
mediators of fibrosis through activation into myofibro-
blasts, HSCs were subsequently reported to contribute to
hepatic development, regeneration, immunoregulation,
retinoid storage, and xenobiotic metabolism [25]. Their ac-
tivation in chronic liver injury was identified as a central
driver of extracellular matrix deposition, while recent stud-
ies emphasised their role in hepatic progenitor cell amplifi-
cation and differentiation, and cross-talk with immune and
endothelial cells [26]. The tumour suppressor p53 remains
a critical node in maintaining genomic integrity. Reviews
by K.H. Bai et al. [27], C.C. Chen et al. [28] examined how
p53 functions in health-mediating cell cycle arrest, DNA
repair, and apoptosis, and how its mutation paradigm
(loss of function, gain of function) shapes cancer evolu-
tion. Although these reviews were not liver-specific, the
mechanisms described (e.g. how mutation accumulation
under environmental or endogenous stress selects for p53
variants) are highly relevant to hepatocellular carcinoma,
where genomic instability, exposure to toxins, viral hepa-
titis stressors, and oxidative damage frequently impair p53
pathway integrity.

Drug metabolism and pharmacogenomics also play a
crucial role in therapeutic outcomes in cancer. C.C. Chen et

al. [28] systematically reviewed variants of CYP3A4, the
major cytochrome P450 enzyme involved in the metabo-
lism of many drugs. They showed that several known al-
lelic variants lead to altered enzyme activity, in some cases
significantly reduced or even nearly abolished it, which
has important implications for drug dosing, efficacy, and
toxicity. Other studies by R. Critelli et al. [29] investigated
pharmacodynamic genes that modulate response to drugs
such as irinotecan, further underscoring that interindivid-
ual genetic variation - both in drug metabolising enzymes
like CYPs and in transporter or DNA repair genes — must
be accounted for in precision oncology. G. Cui et al. [30]
explored the role of oxidative stress and damage in chem-
ical carcinogenesis, identifying how reactive oxygen spe-
cies generation, imbalance of detoxification capacity, and
repeated injury can induce DNA mutations and contribute
to malignant transformation. Meanwhile, studies of cy-
tochrome P450 enzymes by N.T. Doncheva et al. [31] and
X.M. Gao et al. [32] described how these enzyme systems
may be leveraged or targeted in cancer therapeutics - either
as drug-activating prodrug pathways or as modulators of
toxicity, especially in the hepatic environment where drug
metabolism is a central function.

Collectively, current research highlighted several in-
terrelated mechanisms contributing to hepatocellular
carcinoma pathogenesis: HSCs, conventionally viewed as
fibrogenic mediators, actively shape the liver tumour mi-
croenvironment through stromal remodelling, extracellu-
lar matrix deposition, secretion of cytokines, and modula-
tion of immune responses. Activated HSCs also influence
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chemoresistance via paracrine signalling and exosome-
mediated crosstalk with tumour cells. Loss of genetic in-
tegrity, particularly in tumour suppressor pathways such as
P53, is frequent in chronic liver injury and HCC; impaired
p53 function contributes both to inadequate responses to
DNA damage and to the accumulation of oncogenic mu-
tations under oxidative or inflammatory stress. Pharma-
cogenetic variation, such as drug-metabolising enzymes
and transporters modulates patient responses to therapy
and influences risk of drug toxicity. Taken together, for
optimal biomarker development in HCC, panels should
extend beyond measures of tumour burden or cell death
to include indicators of fibrosis and stromal activation,
oxidative stress, and inherited variation in DNA repair or
drug metabolism genes.

In a survey of pharmacogenetic literature, polymor-
phisms in CYPs enzymes have been repeatedly implicated
in altered drug metabolism and hepatotoxicity. For exam-
ple, the CYP3A4/CYP3A5 variants have been shown in
studies by Y. Gu et al. [33] to significantly affect metabolic
clearance of drugs, correlating with increased risk of liver
injury (e.g. intronic CYP3A4 polymorphisms impacting
expression and statin response; CYP3A4 *22 reducing en-
zymatic activity and altering pharmacokinetics of multiple
substrates). Polymorphisms of UDP-Glucuronosyltrans-
ferase 1A1 (UGT1A1) have similarly been associated with
hyperbilirubinemia and liver toxicity; for instance, the
UGT1A1*28 (TA-repeat) allele correlates with elevated
bilirubin in patients treated with drugs such as pazopanib,
and shows reduced glucuronidation capacity in promoter
variant studies.

Non-coding RNAs, including microRNAs and long
non-coding RNAs (IncRNAs), have emerged as promis-
ing biomarkers of liver dysfunction. In studies assessing
miR-122, either circulating levels or tissue expression were
significantly altered in the context of liver injury, non-al-
coholic fatty liver disease/non-alcoholic steatohepatitis, or
cholestatic disease (e.g., sensitivity =0.84, specificity =0.72
in non-alcoholic fatty liver disease; area under the curve
~0.93 for cholestatic injury). In the study by H. Jang et
al. [34], in rodent models withdownregulation of miR-122-
5p in Kupfter cells have shown the activation of glycolysis
via upregulation of PKM2 and to exacerbate pathological
features of non-alcoholic steatohepatitis. Overall, these data
support the Q. Jing et al. [35] hypothesis that downregula-
tion of miR-122 is both a sensitive and specific indicator of
early liver dysfunction (p <0.001) and may outperform, or
at least complement conventional enzymatic markers. Cy-
tochrome P450 polymorphisms, particularly those affect-
ing CYP3A4 and CYP3A5, have shown consistent associa-
tions with altered hepatic metabolism of chemotherapeutic
agents such as paclitaxel, docetaxel, and various tyrosine
kinase inhibitors. These findings align with prior phar-
macogenetic study by L. Kulik & H.B. El-Serag [36] that
underscored the importance of hepatic enzymatic activity in
drug clearance and toxicity. Additionally, UGT1A1 variants,
especially the UGT1A128 thymine and adenine nucleotides

repeat polymorphism, have been extensively validated as
predictors of irinotecan-induced hepatotoxicity.

The significance of hepatic transporter gene polymor-
phisms (e.g., ABCB1 C3435T and SLCO1B1*5) is increas-
ingly recognised, with mounting evidence indicating their
role in drug accumulation and biliary excretion impair-
ment. In the study by L. Ma et al. [37], functional evidence
was provided demonstrating that polymorphisms in key
hepatic transporter genes, including ABCB1 (C3435T)
and SLCOI1BI15 (521T > C), were associated with altered
transporter activity leading to impaired hepatic uptake
and efflux of drugs; specifically, the SLCO1B15 allele was
linked to reduced OATP1B1-mediated hepatic drug uptake
and higher circulating drug concentrations, while variants
in ABCBI were implicated in changes in P-glycoprotein
function that could affect biliary excretion and intracellular
drug accumulation, thereby contributing to interindividual
variability in pharmacokinetics, drug accumulation, and
toxicity profiles in patients carrying these genotypes. These
alterations contribute not only to dose-limiting hepatotox-
icity but also to inter-individual variability in therapeutic
efficacy. Notably, the ABC family transporters are also
implicated in multidrug resistance in tumours, further re-
inforcing the relevance of transporter profiling in clinical
oncology. In the context of the tumour microenvironment,
inflammatory mediators such as IL-6 and TGF-p1 are key
modulators of hepatic fibrosis, systemic inflammation, and
liver function deterioration. Their upregulation in cancer
patients often reflects both direct hepatic involvement
and paraneoplastic effects. Matrix remodelling enzymes
(MMP-2 and MMP-9) additionally mediate hepatic struc-
tural changes during systemic therapy, including sinusoidal
obstruction syndrome, which remains a major complica-
tion of certain chemotherapeutic regimens.

Molecular signatures of apoptosis and oxidative stress,
including TP53 mutations and altered expression of BCL-
2 and SOD2, are common in primary and secondary liver
tumours. These factors contribute to hepatocyte vulner-
ability and impaired regenerative capacity, particularly
in the context of systemic oxidative injury. Meanwhile,
non-coding RNAs, such as miR-122, miR-192, and HULC,
provide a sensitive, minimally invasive means of detecting
liver dysfunction, and the studies analysed have confirmed
their prognostic and diagnostic utility in liver oncology.
Overall, the cumulative evidence supported the incorpo-
ration of molecular genetic markers into routine oncolog-
ical assessment to improve the prediction, prevention, and
management of liver dysfunction, especially in patients
undergoing hepatotoxic chemotherapy or presenting with
hepatic comorbidities.

Conclusions

Molecular genetic markers hold significant potential for
enhancing the evaluation of liver functional activity in
patients with malignant neoplasms. It was proved that
their integration into clinical practice could revolutionise
risk assessment, treatment planning, and monitoring by
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enabling a personalised approach to oncology care. The
review showed genetic variations in cytochrome P450 en-
zymes, glucuronosyltransferases, transporter proteins, in-
flammatory mediators, apoptotic regulators, and non-cod-
ing RNAs provide valuable insights into inter-individual
differences in liver metabolism, drug toxicity susceptibility,
and treatment outcomes. UGT1A1 and CYP3A4/CYP3A5
polymorphisms demonstrated robust associations with
chemotherapy-induced hepatotoxicity, supporting their
role as pharmacogenetic markers. Transporter gene vari-
ants such as ABCB1 C3435T and SLCO1B1*5 have been
shown to predict altered hepatic drug disposition and
cholestatic injury, which is critical in optimising dose ad-
justments and drug selection. Moreover, the profiling of
cytokines (e.g., IL-6, TGF-P1), oxidative stress indicators
(e.g., TP53, SOD2), and circulating non-coding RNAs
(e.g., miR-122, HULC) offers dynamic and non-invasive
strategies for assessing liver injury in real time. The re-
view also showed that profiling cytokines (IL-6, TGF-p1),

oxidative stress markers (TP53, SOD2), and circulating
non-coding RNAs (miR-122, HULC) provided dynamic
and non-invasive strategies for real-time assessment of liv-
er injury. Moreover, it was demonstrated that combining
multiple biomarkers enhanced the predictive accuracy of
liver dysfunction risk assessment. Future research should
focus on the development of combined biomarker panels
and composite risk scores to enable personalised moni-
toring and optimise treatment strategies for patients with
malignant neoplasms.
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LiHHICTD FOCTiIXKEHH: IIO/IATAa€ B TOMY, 110 BCTAaHOBJICHI 6ioMapkepu MOXKYTb CTaTU He3aMiHHUMM iHCTpyMeHTaMu B
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Abstract. Diabetes mellitus, which is associated with progressive loss of pancreatic p-cells, leading to insulin deficiency
and hyperglycaemia, is of global health concern. Regenerative therapies, including stem cell therapies, have potential to
address B-cell depletion and improve diabetes outcomes. The objective of this review was to compare the efficacy of stem
cell-based regenerative therapies for the management of patients with both type 1 and type 2 diabetes mellitus. In carrying
out this review, PubMed, ClinicalTrials.gov, and Google Scholar were the primary databases consulted. The analysis of
9 studies, including 5 randomised controlled trials and 4 non-randomised studies, revealed modest improvements in
C-peptide levels, particularly in patients with type 2 diabetes mellitus, with a mean difference of 0.09 (95% confidence
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interval: -0.03, 0.21; p-value = 0.13), suggesting some benefit for B-cell preservation. However, the therapies did not
show improvements in glycated haemoglobin levels, an increase in glycated haemoglobin level was observed, with a
mean difference of 0.71 (95% confidence interval: 0.27, 1.15; p-value = 0.002), indicating worsening of glucose control,
particularly in patients with type 2 diabetes mellitus. Although stem cell therapies show promise for -cell preservation,
such interventions do not appear to improve glycaemic control. This research has significant implications for clinicians
involved in diabetes care, particularly those exploring regenerative treatments for type 1 and type 2 diabetes mellitus,
and it underscores the necessity for personalised therapeutic strategies that account for the distinct pathophysiological

mechanisms in these types of diabetes

Keywords: stem cell therapy; regenerative medicine; C-peptide levels; HbA1C levels; glycaemic control

Introduction

Diabetes mellitus (DM) is a global health challenge, largely
due to the progressive loss of insulin-producing beta cells.
Both type 1 diabetes mellitus (T1DM) and type 2 diabe-
tes mellitus (T2DM) are marked by beta-cell dysfunction,
which contributes to chronic hyperglycaemia and severe
complications. While current treatments focus primarily
on managing blood glucose levels, these treatments do not
address the underlying loss of beta cells. This limitation un-
derscores the need for disease-modifying therapies, such as
regenerative stem cell therapies, which aim to restore or
preserve beta-cell function. The latest studies suggest that
stem cell approaches, including mesenchymal stem cells
(MSCs), show promise in regenerating beta cells and en-
hancing glycaemic control.

For example, as noted in the study by S.P. Chin et
al. [1], umbilical cord mesenchymal stem cells, particular-
ly those derived from umbilical cord blood, have shown
promise in improving beta-cell function and glycaemic
control, and it was concluded that it is safe for patients with
T2DM and is associated with overall health outcomes, with
improvement in metabolic indices such as liver and renal
profile and systemic subclinical inflammation. Similarly,
M. Izadi et al. [2] and S. Gao et al. [3] have noted the poten-
tial of MSCs to enhance endogenous beta-cell regeneration
through the differentiation into insulin-producing cells or
by supporting existing beta cells. In addition, in the study
by T.W. Reichman et al. [4], islet-derived stem cells have
been investigated for the role in beta-cell preservation and
regeneration, and an increase in C-peptide levels (a marker
of insulin secretion) in T1DM was reported. In a study by
W. Wei et al. [5], bone marrow-derived mononuclear cells
(BM-MNCs) were investigated for the ability to enhance
beta-cell mass and improve glycaemic control in T2DM.
The results demonstrated a significant reduction in Hae-
moglobin Alc (HbAlc) levels and improved insulin se-
cretion in patients, suggesting that BM-MNC therapy may
help restore beta-cell function by reducing inflammation
and promoting beta-cell regeneration. This study high-
lighted the potential of BM-MNCs in addressing the met-
abolic dysfunction in T2DM, though challenges related to
long-term efficacy and scalability remain.

Similarly, in a systematic review and meta-analy-
sis conducted by I.G. Pires et al. [6], the clinical efficacy
of stem cell therapies for TIDM and T2DM was assessed
by comparing laboratory parameters, including fasting

blood glucose, HbAlc, and C-peptide levels, before and af-
ter treatment. The study included 38 original articles with
647 control cases and 654 treated patients, with follow-up
periods ranging from three to twelve months. The analysis
revealed that stem cell therapies significantly reduced the
need for insulin and improved fasting blood glucose and
HbA1lc levels in both TIDM and T2DM patients. Further-
more, a significant increase in C-peptide levels, a marker of
beta-cell function, was observed in most patients. Notably,
bone marrow-derived hematopoietic stem cell therapy pro-
duced better results compared to conventional treatments
like semaglutide. Although the benefits were more pro-
nounced in TIDM, stem cell therapies still showed poten-
tial in improving insulin resistance and metabolic param-
eters in T2DM patients, suggesting a promising avenue for
further research and clinical application.

Despite the promising potential of stem cell therapies
for managing diabetes, several challenges persist, particu-
larly regarding immune rejection and long-term safety.
D.B. Zuo et al. [7] emphasised that stem cell therapies have
significant immunomodulatory capabilities, yet immune
rejection remains a critical hurdle, especially in TIDM.
MSCs have been shown to possess immune-regulatory
properties that could counter autoimmune attacks against
B-cells in T1IDM. However, even with advancements such
as CRISPR-edited human leukocyte antigen knockouts,
the risk of immune rejection is not entirely mitigated, un-
derscoring the need for more refined immune modulation
techniques. In T2DM, which is often associated with insu-
lin resistance and metabolic stress, stem cell therapies face
additional challenges. M. Zarei et al. [8] highlighted the
dual challenge of insulin resistance and B-cell dysfunction
in T2DM, making it more difficult for regenerated p-cells
to function optimally without addressing the metabolic un-
derlying factors. The study noted that while stem cell ther-
apies like MSCs can help rejuvenate pancreatic function,
the effectiveness is limited unless these metabolic stressors
are concurrently managed. This supports the need for com-
bination therapies that integrate stem cell-based interven-
tions with lifestyle modifications or pharmacological treat-
ments aimed at reducing insulin resistance.

Further studies by A.M. Mouzzam et al. [9] revealed
that stem cell therapies hold significant potential in revers-
ing TIDM by regenerating insulin-producing B-cells. How-
ever, the authors also pointed out that immune rejection
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remains a significant barrier, as even autologous stem cell
treatments may not prevent the autoimmune destruction
of newly created P-cells. The study thus emphasised the
importance of developing personalised therapies tailored
to the immunological profiles of individual patients. This
would help improve the success rates of these therapies
and avoid the issue of immune rejection. In addressing the
challenges of long-term safety and scalability, B. Gieroba et
al. [10] discussed the potential complications of stem cell
therapies, including tumorigenicity and the difficulty of
ensuring consistent outcomes across diverse patient pop-
ulations. The study focused on the clinical challenges of
translating stem cell-based treatments into large-scale ap-
plications. Thereby suggesting that overcoming these bar-
riers may require advancements in stem cell engineering,
such as the use of encapsulation technologies or the de-
velopment of more controlled differentiation protocols to
prevent the formation of unwanted cell types, such as those
contributing to tumours.

Additionally, S.M. Nameghi [11] emphasised the need
for personalised approaches to stem cell therapies, and the
findings from the research demonstrated that targeting the
unique metabolic and immunological challenges in each
patient, especially those with T2DM, is crucial for im-
proving the efficacy of stem cell treatments. Personalised
medicine could be integrated with stem cell therapies to ac-
count for individual genetic predispositions and respons-
es to metabolic stress, thereby enhancing the therapeutic
outcomes and minimising adverse effects. Finally, A. Has-
sanein & S. Akhtar [12] explored the challenges related to
scalability and the complex nature of diabetes management,
stressing that while stem cell therapies show promise, there
is still a lack of sufficient comparative studies that evaluate
the long-term effects of these therapies across various pa-
tient groups. The researchers argued that future research
should focus on conducting large-scale, long-term clinical
trials that assess both the efficacy and safety of stem cell-
based interventions in diverse patient populations to im-
prove clinical decision-making and direct future funding
toward promising areas.

Based on this, the present review aimed to compare
the efficacy of the adoption of regenerative therapies (stem
cell therapies) for the preservation of B-cells in T1IDM and
T2DM by considering C-peptide levels and HbAlc levels as
outcome measures.

Materials and Methods

This study followed the guidelines for meta-analysis out-
lined in the analysis by M.]. Page et al. [13]. To address the
goal, the PICO framework was employed [14]. The Popula-
tion (P) for this study included human patients diagnosed
with T1DM or T2DM. The Intervention (I) was regenerative
therapy through stem cell approaches. The Comparison (C)
was made between patients receiving stem cell therapy and
untreated patients or those receiving conventional treat-
ments. The Outcome (O) variables of interest were C-pep-
tide levels, HbAlc, insulin requirements, and fasting plasma
glucose levels. The inclusion criteria considered were origi-
nal research articles, including randomised controlled trials
and non-randomised studies, published in English between
2020 and 2025 that involved human subjects, specifically
individuals diagnosed with TIDM or T2DM. The therapy
under investigation had to be stem cell-based. Furthermore,
to be eligible, studies needed to report on either HbAlclev-
els or C-peptide. The excluded studies were those that were
not published in English, those involving animal subjects,
reviews, conference proceedings, or those where full-text
access was unavailable. A comprehensive search was car-
ried out in PubMed, ClinicalTrials.gov, and Google Scholar
from 30 November 2025 to 3 December 2025. In searching
the databases, a combination of keywords relating to dia-
betes mellitus, such as diabetes mellitus, hyperglycaemia,
and those relating to stem cell therapies were employed. The
search results were refined with the application of Boolean
operators “AND” and “OR” [15]. MeSH terms were also
applied in searching PubMed, which is the only database
that features such terms [16]. The compiled search terms
and filters applied for each database (such as year of pub-
lication, English language, and human participants) were
represented in Table 1.

Table 1. Studies search strategy

Database Search term

Yield
following

Filters
applied

Search
yield application

of filters

(diabetes mellitus OR hyperglycaemia) AND (C-peptide Levels OR HbAlc
Levels) AND (stem cells OR progenitor cells OR hematopoietic stem cells OR

bone marrow-hematopoietic stem cells OR mesenchymal stem cells OR bone

ClinicalTrials. marrow-mesenchymal stem cells OR bone marrow mononuclear cells OR 89 nil
sov umbilical cord blood OR umbilical cord-mesenchymal stem cells OR placenta-
derived mesenchymal stem cells OR insulin-secreting-adipose-derived
mesenchymal stem cells)

(diabetes mellitus OR hyperglycaemia) AND (stem cells OR progenitor cells

OR hematopoietic stem cells OR bone marrow-hematopoietic stem cells OR
Google mesenchymal stem cells OR bone marrow-mesenchymal stem cells OR bone 204 2020-2025 69
Scholar marrow mononuclear cells OR umbilical cord blood OR umbilical

cord-mesenchymal stem cells OR placenta-derived mesenchymal stem cells OR
insulin-secreting adipose-derived mesenchymal stem cells)
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Continued Table 1

Yield
following

Filters
applied

Search

Search term yield

Database . .
application

of filters

(“diabetes mellitus”[Title/Abstract] OR “hyperglycaemia”[ Title/Abstract])

AND (“stem cells”[Title/ Abstract] OR “progenitor cells”[Title/Abstract] 2020-2025,
OR “hematopoietic stem cells”[ Title/ Abstract] OR “bone marrow Free full text,
hematopoietic stem cells”[ Title/Abstract] OR “mesenchymal stem cells”[Title/ Clinical Trial,
Abstract] OR “bone marrow mesenchymal stem cells”[Title/Abstract] OR Multicentre
“bone marrow mononuclear cells”[Title/Abstract] OR “umbilical cord Study,
PubMed blood”[Title/ Abstract] OR “umbilical cord mesenchymal stem cells”[Title/ 3,044 Observational 16
Abstract] OR “placenta derived mesenchymal stem cells”[ Title/ Abstract] Study,
OR ((“insulin”[Supplementary Concept] OR “insulin”[All Fields] OR Randomised
“insulin’[MeSH Terms] OR “insulin s”[All Fields] OR “insuline”[All Fields] Controlled
OR “insulinic”[All Fields] OR “insulinisation”[ All Fields] OR “insulinised”[All Trial, English,
Fields] OR “insulins’[MeSH Terms] OR “insulins”[All Fields]) AND “derived Humans

mesenchymal stem cells”[Title/ Abstract]))

Source: compiled by the authors

Following a systematic search in PubMed, Google
Scholar, and ClinicalTrials.gov, 3,403 records were re-
trieved. After applying appropriate filters, 240 articles
remained, then 8 duplicates were removed, 177 were re-
moved during title and abstract screening, and the full
text of 12 articles was not retrieved. The full text of the re-

maining 43 articles was subjected to a detailed eligibility
assessment, after which 34 articles were excluded that did
not meet the inclusion criteria, and the remaining 9 articles
were included in the analysis in this review. The literature
selection process was illustrated in the PRISMA flow dia-
gram, as shown in Figure 1.

[ Identification of studies via databases and registers ]

Records identified from:
PubMed (n = 33,044)

Google Scholar (n = 204)
Clinicaltrial.gov (n = 89)
Reference List (n = 66)

Total records removed before screening: 3,163
Through application of appropriate filters

Total: 3,403

+

Records screened
based on Title and abstract (n = 240)

Total records excluded: 187
12: not retrieved
177: based on exclusion criteria
8: duplicate records removed

+
Reports assessed for eligibility
(n=43)

v
Studies included in review
(n=9)

Total reports excluded: 34
28: were review articles
16: not focused on outcome of interest

Figure 1. PRISMA flow diagram

Source: compiled by the authors

After retrieving the relevant studies, the data extrac-
tion was conducted independently by two researchers, and
discrepancies were resolved through discussion. Key data
extracted from the studies included information relating
to study details, patient demographics, regimen, and lab-
oratory parameters for diabetes (HbAlc and C-peptide)
at baseline and during the follow-up period. To assess
the quality of the included studies, the Revised Cochrane

risk-of-bias tool for randomised trials Version 22 was em-
ployed for the randomised controlled trials [17] and the
ROBINS-I tool for non-randomised studies [18]. The in-
cluded studies in this review comprised a total of 9 stud-
ies, of which 5 were randomised controlled trials, and 4
were non-randomised studies, with 3 focusing on T1DM,
7 on T2DM, and 3 out of the 9 studies did not feature
a control group. The included studies were conducted
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in different countries of the world, including China (5),
Iran (2), Sweden (1), and Malaysia (1). A total of 694 par-
ticipants were featured in all the studies; the mean age of
patients varied from 10.27 years to 61.5 years, with TIDM
patients typically younger than T2DM patients. However,
there was a significant difference in the duration of the
disease before therapy. The TIDM patients had shorter
histories compared to those with T2DM,; this is due to the
distinct characteristics of both conditions. All regimens
involved stem cell therapies administered at varying dos-
es, ranging from 1x 10° to 200 million cells per dose. The
mode of administration recorded was intravenous (IV)

and intra-arterial pancreatic infusion (IAPI). Follow-up
periods varied, with the majority of studies reporting 12
months, although some extended to as long as 96 months.
This variation in study characteristics underscores the di-
verse approaches used to assess regenerative therapies and
the potential for B-cell preservation in diabetes. Table 2
summarised the characteristics of the included studies in
this review. Thus, this review analysed 9 studies (5 ran-
domised controlled trials (RCT), 4 non-randomised) in-
volving 710 participants with TIDM and T2DM, evaluat-
ing stem cell therapies with varying doses, administration
routes, and follow-up periods.

Table 2. Characteristics of included studies

Number of
patients TG
/ CG

Type
of DM

Study design

Mean age of
participants
(years)

Mean
follow-
up
(months)

Mode of
injection

History of
disease

Mean regimen

Regimen dose

M. Izadi et TG=11; TG=10.27  Newly diagnosed s
al. [2] IR RCT T1DM CcG=10 CG=115 (<6 weeks) BM-MSCs  1x10° cells/kg v 12
PO. TG=31  Newly diagnosed
Carlssonet  SE RCT TIDM TG=9;CG=5 - WY CLABNOSEE yC-MSCs 200 mln cells v 12
CG=31 (<2 years)
al. [19]
. Dual
Z.Wuet al. . group=>52.8; >3 and MSC s IV and
120] CN RCT T2DM and 28 in MC- MC-only < 15 years and MC 1x10° cells/kg IAPI 96
only group)/ Cea.
29in CG) group =>53.2;
CG=54.6
L. Zang et TG=45; TG=50; 6
al. [21] CN RCT T2DM CG=46 CG=5045 <20 years UC-MSCs  1x10° cells/kg v 12
L. Zang et TG=37; TG=50.97; 6 v
al. [22] CN RCT T2DM CG=36 CG=50.53 <20 years UC-MSCs  1x10° cells/kg Infusion 12
218 in 6 mo. 6in 6
S-P.Chinet /g ROS Topm UG and83 61.5 Notreported ~ UC-MSCs ~ 50-100 x 10° IV~ FUGand
al. [1] in 12 mo. Infusion  12in 12
FUG, no CG FUG
Open-label,
parallel-arm, TG=27; TG=22.4; : s v
J.Luetal. [23] CN non-randomised T1DM CG=26 CG=274 Not reported ~ UC-MSCs 1x10° cells/kg Infusion 12
prospective study
. Open-label, 11
R. Raoufinia et IR single-arm pilot ~T2DM  participants; 20-65 > 10 years UC-MSCs  1x10° cells/kg IV. 2
al. [24] Infusion
clinical trial no CG
Single-arm, 16
XELianet o open-label, o py o icipants; 525 10064574 years UC-MSCs 1x10°cells/kg - 1" 3
al. [25] exploratory 10 CG Infusion

clinical trial

Note: BM-MSCs - bone marrow-mesenchymal stem cells, UC-MSCs - umbilical cord-mesenchymal stem cells, MC -
mononuclear stem cell; TG - Treatment Group; CG - Control Group; FUG - Follow-Up Group; ROS - Retrospective

observational study; IR - Iran; SE - Sweden; CN - China; MS
Source: compiled by the authors

Based on the quality assessment of the included stud-
ies, among the five randomised controlled trials, the ma-
jority demonstrated low risk of bias across most domains
except for M. Izadi et al. [2], where concerns regarding
missing outcome data were noted due to participant drop-
out, which could influence the robustness of the findings.
For the four non-randomised studies, moderate risks were
identified in the works by S.P. Chin et al. [1], ]. Lu et al. [23]

- Malaysia

and R. Raoufinia et al. [24], due to potential confounding
factors and unclear adjustments, which could lead to over-
or underestimation of the treatment effects. These biases,
particularly related to missing data and confounding, may
lead to misleading conclusions, potentially exaggerating
the efficacy of stem cell therapies in p-cell preservation or
misrepresenting the true impact of these therapies on dia-
betes management.

36
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The software used for the meta-analysis was Review
Manager version 5.4.1. The effect estimates from the included
studies were pooled by adopting a random-effects model,
inverse variance, and mean difference (MD) of C-peptide
and HbA1C levels at baseline and after therapy were used
for comparison. The use of random-effects modelling in
this analysis is beneficial in that it accounts for heteroge-
neity among studies. Analyses of subgroups were carried
out according to the type of stem cell therapy and the type
of diabetes. To test the robustness of the finding, sensitivity
analyses were conducted by excluding one study at a time in
the analysis to observe the effect on the overall pooled esti-
mate. This specific type of sensitivity analysis was conducted
to assess whether the exclusion of any single study would
significantly alter the pooled results. However, several lim-
itations must be considered when interpreting the results
from this study. The significant heterogeneity across stud-
ies, particularly in terms of the stem cell types used, dosage,
administration routes, and follow-up durations, may have
contributed to the variability in outcomes. Additionally, the
relatively small sample sizes and short follow-up periods in
many of the included studies limit the generalisability of
the findings. Moreover, while this meta-analysis provides
a pooled estimate of the effects of stem cell therapies on
C-peptide and HbAc levels, it does not account for other
important factors such as quality of life, adverse events, and

cost-effectiveness, which are critical for evaluating the feasi-
bility of widespread clinical implementation.

Results and Discussion

C-peptide levels are closely linked to B-cell preservation in
diabetes. C-peptide, an insulin byproduct, is a biomarker
for B-cell activity. Research indicates that higher C-peptide
levels enhance B-cell function and reduce diabetes compli-
cations [26]. Conversely, low C-peptide levels cause glucose
fluctuations, acute hypoglycaemia, and HbAlc. According to
previous studies, C-peptide levels predict f-cell function in
T2DM. Therefore, C-peptide levels serve as a measure of the
effectiveness of treatments aimed at maintaining B-cell ac-
tivity in diabetes management [27]. For T1DM, as shown in
Figure 2, the pooled effect size across studies showed a mean
difference (MD) of 0.04 (95% CI: -0.09, 0.18). The p-value
associated with this effect is 0.51, which indicates that the
observed minimal improvement in C-peptide levels is not
statistically significant. This suggests that stem cell therapies,
while showing a slight trend towards increasing C-peptide
levels, do not provide strong enough evidence to support a
meaningful impact on p-cell function in T1DM. The sub-
group analysis for different types of stem cells, such as BM-
MSC and UC-MSC, also did not reveal significant heteroge-
neity, reinforcing the conclusion that the impact of stem cell
therapies on C-peptide levels in T1DM is inconclusive.

Baseline After Follow-up Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, R 95% CI IV, Rand 95% CI
1.1.1 BM-MSC
Izadi et al. (2022) [2] 072 038 11 066 036 11 184% 0.06 [-0.25, 0.37.
Subtotal (95% CI) 1 11 184% 0.06 [-0.25, 0.37]
Heterogeneity: Notapplicable
Test for overall effect: Z=0.38 (P = 0.70)
1.1.2UC-MSC
Carlsson etal. (2023) [19] 032 019 9 033 019 9 571% -0.01[-0.18,017
Luetal. (2021) [23] 0719 0353 27 056 0615 27 246% 0.16 [-0.11,0.43
Subtotal (95% CI) 36 36 81.6% 0.04 [-0.11,0.20]
Heterogeneity: Tau*= 0.00; Chi*=1.07, df=1 (P = 0.30); F=7%
Test for overall effect: Z= 0.55 (P = 0.58)
Total (95% CI) 47 47 100.0% 0.04 [-0.09, 0.18] ?

Heterogeneity: Tau*= 0.00; Chi*=1.08, df= 2 (P = 0.58); F= 0%
Test for overall effect: Z= 0.66 (P = 0.51)
Test for subarounp differences: Chi*=0.01. df=1 (P =0.92). F=0%

p t T + +
- 0 2
Favours [Baseline] Favours [After follow-up)

Figure 2. Forest plot for fasting C-peptide levels (ng/mL) in T1DM individuals from baseline to follow-up

Source: created by the authors

In contrast, the results for T2DM, as shown in Figure
3, presented more favourable insights. The pooled effect for
T2DM across studies showed a mean difference (MD) of
0.09 (95% CI: -0.03, 0.21). The p-value for this pooled ef-
fect is 0.13, indicating a non-significant, modest improve-
ment in C-peptide levels following stem cell therapy. This
suggests that stem cell therapies are more effective in en-
hancing B-cell regeneration or function in T2DM patients
compared to TIDM. Subgroup analysis for T2DM, includ-
ing therapies such as BM-MSC+MC, MC, and UC-MSCs,
demonstrated some variability in outcomes, but the overall
trend points toward a positive effect on C-peptide levels,
though the effect remains modest.

When comparing the pooled effects for TIDM and
T2DM, it is evident that stem cell therapies yield more

consistent but modest effects in T2DM patients. The p-val-
ue of 0.13 for T2DM suggests a more pronounced effect
compared to the p-value of 0.51 for T1DM, highlighting the
more substantial response to stem cell therapies in T2DM.
This difference may be attributed to the distinct pathophysi-
ological mechanisms of B-cell loss in both types of diabetes.
T1DM, characterised by autoimmune-mediated destruc-
tion of P-cells, presents more challenges for regeneration,
whereas T2DM, driven by metabolic stress, may be more
responsive to therapies targeting the rejuvenation of exist-
ing B-cells. While both TIDM and T2DM show some po-
tential for improvement in C-peptide levels with stem cell
therapies, the effects are more pronounced in T2DM. This
highlights the need for personalised regenerative approach-
es tailored to the specific pathophysiological mechanisms

International Journal of Medicine and Medical Research, 2026, Vol. 12, No. 1

37



Comparative efficacy of regenerative therapies...

of B-cell dysfunction in each form of diabetes. Further re-
search with larger sample sizes and standardised protocols

is needed to fully evaluate the long-term efficacy and safety
of stem cell-based therapies for B-cell preservation.

Baseline After follow-up Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight [V, Rand 95% CI IV, Randi 95% CI
1.1.1 BM-MSC+MC
Wu et al. (2024) [20] 12 032 28 11 03 29 389% 0.10 [-0.06, 0.26] T
Subtotal (95% Cl) 29 29 38.9% 0.10 [-0.06, 0.26] g
Heterogeneity: Not applicahle
Test for overall effect: Z=1.23 (P=0.221
1.1.2MC
Wu et al. (2024) [20] 1.3 037 28 11 0.3 28 335% 0.20[0.02, 0.38) e
Subtotal (95% Cl) 28 28 33.5% 0.20[0.02, 0.38] e
Heterogeneity: Not applicahle
Test for overall effect: Z=2.22 (P = 0.03i
1.1.3 UC-MSCs
Raoufinia et al. (2025) [24] 22 7 1" 16 089 1" 1.1% 0.60 [-0.54,1.74] >
Zang et al. (2023) [22] 1.897 072 37 207 07 37 12.0% -0.10[-0.42,0.22)
Zang et al. (2022) [21] 201 07 45 207 07 45 146% -0.06(-0.35023) —_—
Subtotal (95% CI) 93 93 27.7%  -0.05[-0.27,0.16] ———
Heterogeneity: Tau®= 0.00; Chi*=1.35,df= 2 (P = 0.51); F= 0%
Test for overall effect: Z= 0.50 (P = 0.62i
Total (95% ClI) 150 150 100.0% 0.09 [-0.03, 0.21] e

i TauR= - Chif= i o E= n L . :
Heterogeneity: Tau®= 0.00; Chi*= 4.62,df= 4 (P=0.33); F=13% 05 0E ) 025 05

Test for overall effect: Z=1.53 (P=0.13i
Test for subaroup differences: Chi*= 3.27. df= 2 (P = 0.20). F= 38.8%

Favours [Baseline] Favours [After follow-up)

Figure 3. Forest plot for fasting C-peptide levels (ng/mL) in T2DM individuals from baseline to follow-up

Source: created by the authors

HbA 1c levels significantly affect B-cell preservation in
diabetes. Insulin production decreases with low p-cell ac-
tivity, leading to hyperglycaemia and high HbAlc levels.
Research links high HbA1c levels to impaired p-cell func-
tion and diabetes consequences. Conversely, lower HbAlc
levels improve -cell function and glycaemic control. Mon-
itoring HbAlc levels can indicate B-cell function and the
effectiveness of therapies to maintain it. Maintaining 3-cell
activity is crucial for diabetes management, and HbAlc
readings can assess treatment effectiveness [28, 29].

For T1DM, according to Figure 4, the total pooled ef-
fect across studies showed a mean difference (MD) of 0.78
(95% CI: -0.32, 1.89), with a p-value of 0.16. This indicates
that stem cell therapies investigated have a non-significant
increase in HbAlc levels, suggesting a potential worsening
of glucose control. The wide confidence interval (CI) and
the high p-value suggest that any change in HbA1c is mod-
est and likely due to random variation. The subgroup anal-

ysis for BM-MSC and UC-MSC therapies revealed some
variability in the outcomes, but overall, the results do not
support a clear, consistent benefit of stem cell therapies in
lowering HbA1c in T1DM patients.

In contrast, the results for T2DM in Figure 5 showed
a statistically significant increase in HbAlc levels, with a
mean difference (MD) of 0.71 (95% CI: 0.27, 1.15) and a
p-value of 0.002. This suggests that stem cell therapies are
associated with a worsening of glucose control in T2DM
patients, contrary to the expected outcome (i.e., a worsen-
ing of glucose control in T2DM patients rather than im-
provement). The subgroup analysis showed variability in
outcomes with effect size in the MC group, derived from
Z. Wu et al. [20] showing -0.10, which indicates a decrease
in HbAlc levels, which is not statistically significant. How-
ever, the overall result indicates a need for further inves-
tigation into the effects of stem cell therapies on HbAlc
levels in T2DM.

Baseline After Follow-up Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,R 95% CI IV, R 95% CI
1.2.1 BM-MSC
Izadi et al. (2022) (2] 863 219 11 798 183 11 249% 0.65 [-1.086, 2.36]
Subtotal (95% Cl) 1" 11 24.9%  0.65[-1.06, 2.36]
Heterogeneity: Not applicable
Test for overall effect: Z=0.75 (P = 0.46)
1.2.2UC-MSC
Carlsson etal. (2023) [19) 65 1.4 9 6.5 0.9 9 38.6% 0.00 [-1.09, 1.09) —
Lu etal. (2021) [23] 9 28 27 73 13 27 366% 1.70 [0.54, 2.86) ——
Subtotal (95% Cl) 36 36 75.1%  0.84[-0.83,2.50] g
Heterogeneity: Tau*=1.11; Chi*= 4.37, df=1 (P = 0.04); F=77%
Test for overall effect: Z= 0.98 (P = 0.32)
Total (95% Cl) 47 47 100.0%  0.78[-0.32, 1.89] -~
Heterogeneity: Tau®= 0.52; Chi*= 4.40, df= 2 (P = 0.11); F= 55% 54 52 t t

Test for overall effect: Z=1.39 (P = 0.16)
Test for subaroup differences: Chi*=0.02, df=1 (P = 0.88). F= 0%

Favours [Baseline] Favours [After follow-up)

Figure 4. Forest plot for HbA1c levels (%) in TIDM individuals from baseline to follow-up

Source: created by the authors
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Baseline After follow-up Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% CI \'Al 95% CI
1.2.1 BM-MSC + MC
Wu et al. (2024) [20] 86 1.1 23 85 16 29 115% 0.1][-0.61,0.81]
Subtotal (95% Cl) 29 29  11.5% 0.10[-0.61, 0.81]
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Test for overzll effect: Z= 0.28 (P = 0.78)
1.2.2MC
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Heterogeneity: Not applicable
Test for overzll effect: Z=0.28 (P =0.78)
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Test for overzll effect: Z= 3.31 (P = 0.0009)
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Figure 5. Forest plot for HbA1c levels (%) in T2DM individuals from baseline to follow-up

Source: created by the authors

Therefore, in T1DM, stem cell therapies showed no
significant effect on HbAlc levels, indicating only mod-
est changes that are likely due to random variation. For
T2DM, stem cell therapies were associated with a signif-
icant increase in HbAlc, suggesting a potential worsen-
ing of glucose control, and further research is needed to
better understand these effects. The findings of this study
provide insights into the efficacy of stem cell therapies in
preserving (-cell function in TIDM and T2DM. The results
indicated that in terms of C-peptide levels, stem cell ther-
apies have limited benefits in T1DM compared to T2DM,
with minimal improvement in C-peptide levels, indicating
some benefit in B-cell preservation. On the other hand, a
non-significant increase in HbAlc levels was observed in
T1DM, and a significant increase in HbAlc levels was ob-
served in T2DM, suggesting a potential worsening of glu-
cose control. These findings suggest that stem cell therapies
may offer a modest benefit in preserving B-cell function
due to an increase in c-peptide levels, particularly in T2DM
patients, but do not appear to have a beneficial impact on
HbA1c levels in either TIDM or T2DM.

The use of stem cell-based therapies, particularly
MSCs, for diabetes management has been explored in var-
ious meta-analysis studies. For example, Q. Wu et al. [30]
conducted a meta-analysis on the efficacy of stem cell
transplantation for TIDM and found that MSC therapy
could reduce insulin requirements and improve C-peptide
levels, although the improvement was not statistically sig-
nificant. This is consistent with the results of the current
study, which observed a slight improvement in C-peptide
levels in patients with T1DM, which is also not statisti-
cally significant. However, in contrast, Q. Wu et al. found
that MSC therapy significantly decreased HbAlc levels,
whereas in this study, an increase in HbAlc levels was re-
corded. This decrease in HbAlc was also reported in the
study by J. He et al. [31], in which MSC therapy was also

investigated, and according to the report for fasting C-pep-
tide levels, no significant increase in fasting C-peptide
levels was recorded as well. Similarly, S.Y. Sun et al. [32]
reported a significant improvement in C-peptide levels in
T1DM patients following MSC therapy, supporting the
idea that stem cells may help regenerate insulin-producing
B-cells. However, S.Y. Sun et al. also reported a significant
decrease in HbAlc levels in RCTs, but with high hetero-
geneity. This suggests that while there may be some im-
provement in glycaemic control, it is not consistent across
all studies, and the effect size is uncertain. Moreover, ac-
cording to findings of M. Kashbour et al. [33], significant
reductions in HbA1c levels in T2DM patients treated with
MSCs were also reported.

A potential explanation for the variation in HbAlc
level outcomes recorded in studies such as those of
Q. Wu et al. [30], ]. He et al. [31], and S.Y. Sun et al. [32]
compared with the findings in this study may be attribut-
ed to differences in sample sizes, cell source, and injection
protocols across studies as well as the comparator arms
included in the meta-analysis. In addition, it is worth not-
ing that in these studies, comparisons were made between
treatment groups and control groups, whereas in this
study, comparison was made with baseline outcomes in
treatment groups and the outcomes in treatment groups
recorded at the end of varying follow-up periods across
studies. Moreover, changes in HbAlc did not consistently
align with modest changes in fasting C-peptide, suggest-
ing that B-cell preservation may not translate directly into
improved glycaemic control [34].

Nevertheless, a critical consideration in interpreting
findings is the differences in pathophysiology between
T1DM and T2DM, which likely contribute to the var-
ied responses observed in stem cell therapies. T1IDM is
characterised by autoimmune destruction of P-cells, so
it is essential to manage the immune system to avoid the
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rejection of newly transplanted or regenerated f-cells, as
the autoimmune destruction of these cells is the primary
factor contributing to this condition. It is essential that
these cells are safeguarded through the application of im-
munosuppressive techniques [35]. Conversely, the immu-
nological dysregulation inherent in T1DM presents specific
challenges, as the immune system may persist in targeting
newly formed B-cells even after the creation. This holds
particularly true in circumstances where immunosuppres-
sive treatment fails to meet adequate levels. The successful
outcome of these therapies hinges on achieving a balance
between promoting B-cell regeneration and managing the
immune response [36].

On the other hand, T2DM is marked by insulin resist-
ance and f-cell dysfunction, which arise from chronic met-
abolic stress [37]. The findings of this study suggest that
therapies utilising stem cells show a limited enhancement
in C-peptide levels, implying that regenerated B-cells still
face metabolic challenges in T2DM. The presence of insu-
lin resistance in T2DM could potentially reduce the effec-
tiveness of stem cell-based therapies, as noted by N. Yang et
al. [38]. This holds particularly true when the underlying
metabolic issues, such as hyperglycaemia, obesity, and
chronic inflammation, are not simultaneously addressed.
The therapeutic effects of regenerated p-cells may be con-
strained, as the operational efficiency could be compro-
mised if the upstream variables remain unaddressed [39].
Moreover, the long-term safety profile of stem cell therapy
remains to be determined, especially concerning the risks
of cancer development or unintended differentiation of
stem cells [40].

It is crucial to highlight that while stem cell therapies
may hold promise for success, there are several potential
risks involved, necessitating a careful approach. The var-
iability in the outcomes of different regimens represents
a significant concern. The effectiveness of these therapies
is influenced by various factors, such as the quality of the
stem cells, the delivery method employed, and the stand-
ard of care administered post-transplant. Furthermore, the
source of stem cells — whether derived from autologous or
allogeneic donors — may significantly affect both the effi-
cacy and safety of the treatment, as allogeneic transplants
carry an inherent risk of immune rejection, while autolo-
gous approaches may be limited by the quality of the pa-
tient’s own cells. The variety of outcomes reported in the
trials included in this meta-analysis highlighted the lack of
standardisation in clinical protocols, which complicates the
ability to compare results across different studies.

Conclusions
The pooled effect of fasting C-peptide levels showed a slight,

non-significant improvement in TIDM patients, with an
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was observed in both T1IDM and T2DM patients, indicat-
ing a worsening of glucose control, particularly in T2DM,
with a statistically significant mean difference of 0.71 (95%
CIL: 0.27, 1.15; p = 0.002). This suggests that while stem
cell therapies may offer some benefits in preserving 3-cell
activity, such therapies do not result in better glycaemic
control and may potentially exacerbate metabolic issues.
These findings underscored the complexity of using stem
cell therapies for diabetes management, especially in cases
where insulin resistance or autoimmune destruction signif-
icantly impairs B-cell function.

The results of this meta-analysis were influenced by
several biases, including missing data and confounding
variables, which could distort the actual effectiveness of
stem cell therapies. Moreover, the variability in study de-
signs, stem cell types, and follow-up durations further
complicates the interpretation of results. Therefore, stem
cell-based regenerative therapies show modest promise for
B-cell preservation in T2DM, but further research is re-
quired to evaluate the long-term efficacy, safety, and impact
on overall diabetes management. Future studies should
aim to standardise protocols, include larger sample sizes,
and incorporate more comprehensive outcome measures,
including quality of life and adverse events, to better in-
form clinical decision-making. Additionally, personalised
approaches that account for the distinct pathophysiologi-
cal mechanisms of TIDM and T2DM could enhance the
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gov Ta Google Scholar. Ananis 9 gociimkeHb, BKIOYAIOYM 5 paHIOMI30BaHMX KOHTPOIbOBAHUX BUIPOOYBaHb Ta 4
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Abstract. Despite magnetic resonance imaging being the preferred modality for the preoperative assessment of
fistula-in-ano, evidence from direct MRI-intraoperative correlation remains essential to confirm that internal openings,
secondary tracts, and abscesses are accurately mapped, thereby preventing missed disease and recurrence. This study
aimed to evaluate the correlation between magnetic resonance imaging findings and intraoperative observations in
patients with anorectal fistulas. This prospective study was conducted at Al Amin Medical College and Hospital, including
50 patients with clinically suspected or previously diagnosed perianal fistula who underwent magnetic resonance imaging
on a 1.5 Tesla scanner using T1-, T2-, short inversion recovery, and diffusion-weighted imaging sequences. Findings
were analysed for fistula classification, tract location, internal openings, abscesses, and contrast enhancement. Surgical
exploration findings were compared with magnetic resonance imaging results to assess correlation. The most affected age
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groups were 31-50 years, with a male predominance (66%). Intersphincteric (42%) and transsphincteric (36%) fistulas
were the most common. Magnetic resonance imaging showed single internal and external openings in 86% of patients.
Associated abscesses were detected in 20%, and contrast enhancement was noted in 46%. Magnetic resonance imaging
demonstrated 100% sensitivity and specificity for internal openings, 90% sensitivity for abscesses, and 76.5% sensitivity for
secondary tracts. Magnetic resonance imaging findings correlated with intraoperative findings in 86% of cases. Magnetic
resonance imaging is a highly effective tool for evaluating fistula-in-ano, showing strong concordance with surgical
findings. Its routine use can significantly enhance surgical planning and reduce recurrence rates

Keywords: preoperative imaging; surgical correlation; perianal fistula; perianal abscess; internal opening

Introduction

The relevance of this study arises from the high prevalence
of fistula-in-ano and the complexity of its surgical manage-
ment. Achieving a lasting result requires complete removal
of the primary tract and secondary branches while preserv-
ing the function of the anal sphincter, which remains a clin-
ical challenge. Standard examination often underestimates
the complexity of the fistula, especially in cases of recur-
rence or deep extension. This increases the risk of persis-
tence and repeat interventions. Therefore, improving pre-
operative diagnosis and accurate mapping of fistula tracts
is critical for optimising surgical management and reducing
the incidence of complications. Magnetic resonance imag-
ing (MRI) has been increasingly refined as the principal
imaging tool for perianal fistulas, supported by studies eval-
uating the added value of functional sequences, protocol
optimisation, and comparisons with operative findings.

In the study by D.K. Boruah et al. [1], diffusion-weight-
ed imaging (DWI) was investigated as an adjunct to con-
ventional MRI for perianal fistula assessment. The authors
emphasised that combining diffusion information with
standard anatomical sequences can improve confidence
in detecting inflammatory components and distinguish-
ing active disease from less active tracts, supporting an
approach in which DWI complements high-resolution
T2-weighted imaging rather than replacing it. In the study
by L. Soydan [2], DWI and apparent diffusion coeflicient
measurements were explored for assessing fistula “activi-
ty”. This study highlighted the clinical value of functional
imaging in characterising inflammatory burden, suggest-
ing that diffusion metrics may help stratify disease activity
when morphology alone is insufficient, which is particular-
ly relevant when determining the timing of surgery or eval-
uating suspected persistent inflammation after treatment.

Protocol refinement has also focused on post-contrast
imaging and the advantages of modern 3D acquisitions in
complex disease. In the study by K.V. Abdulla et al. [3],
contrastenhanced 3D T1-weighted sequences were com-
pared with conventional 2D postcontrast imaging for per-
ianal fistula evaluation. Their research demonstrated that
3D techniques can enhance the visualisation of surgically
critical targets such as internal openings and ramifications,
and highlighted the practical importance of acquisition
efficiency and image conspicuity when assessing complex
branching anatomy. In the study by A.H. Madany et al. [4],
MRI was presented as central to defining fistula relation-
ships to the sphincter complex, demonstrating its role in

outlining extensions and identifying associated sepsis that
may not be evident clinically. This study also highlighted
a recurring problem in practice: even when MRI is per-
formed, variability in reporting structure and complete-
ness may limit its translation into consistent surgical deci-
sion-making across institutions.

A closely related area of investigation is the evaluation
of perianal sepsis, especially abscesses that influence the
urgency and extent of surgical intervention. In the study
by P. Aggarwal et al. [5], DWI was assessed for detecting
and characterising perianal abscesses, with comparison to
contrast-enhanced MRI. This line of research supports the
notion that diffusion-based approaches can be clinically
useful for evaluating sepsis and may be particularly rele-
vant when gadolinium administration is undesirable, while
also emphasising the need to ensure that subtle secondary
extensions are not missed when protocols are simplified.
In the study by N.P. Narsingh et al. [6], preoperative MRI
findings were compared with intraoperative observations
in patients with anorectal fistula. Large-cohort studies
have further examined how different MRI sequence com-
binations perform in depicting fistula characteristics and
surgically relevant landmarks. In the study by Q. Tao et
al. [7], multi-phase contrast-enhanced fat-suppressed 3D
T1-weighted imaging (VIBE-based) was compared with
fat-suppressed T2-weighted imaging combined with DWI
in anal fistula evaluation. This research illustrates a con-
tinuing unresolved issue: the optimal balance between
contrastenhanced anatomical detail and diffusion-based
assessment, and whether specific sequence strategies can
consistently improve the depiction of internal openings
and secondary tracts across readers and institutions.

Technique innovation has also been explored to im-
prove tract conspicuity and accessibility in different practice
settings. In the study by U.K. Basavaraju et al. [8], magnetic
resonance fistulography using percutaneous instillation of
aqueous jelly was described as a method to enhance tract
delineation. This approach highlights ongoing efforts to
improve the visualisation of fine tracts and openings, but
it also raises practical questions about standardisation, re-
producibility, and comparative benefit compared with op-
timised conventional MRI protocols. Finally, comparative
modality studies continue to inform diagnostic pathways.
In the study by A.O. Cantiirk ef al. [9], contrast-enhanced
endoanal ultrasound was compared with MRI for preoper-
ative fistula mapping. Such research supports the concept
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of complementary imaging, with ultrasound offering tar-
geted evaluation in selected contexts, while MRI provides
broader multiplanar mapping; however, it also underscores
a persistent gap: how to choose the most efficient and ac-
curate preoperative strategy across varied resource envi-
ronments while maintaining reliable detection of internal
openings, secondary tracts, and occult sepsis.

Taken together, recent literature establishes MRI as
the primary modality for the preoperative evaluation of
fistula-in-ano, while also revealing unresolved issues such
as variability in detecting secondary extensions, hetero-
geneity in protocol selection (contrastenhanced versus
diffusion-centred strategies), and the need for local vali-
dation of MRI reporting against operative findings using
standardised classifications and clearly defined anatomical
endpoints. Therefore, this study was conducted to evaluate
MRI fistulogram findings in anorectal fistula, focusing on
fistula classification, tract course, internal opening localisa-
tion, secondary extensions, and associated abscesses, and
to compare these findings with intraoperative observations.

Materials and Methods

This prospective cohort study was conducted in the De-
partment of Radiodiagnosis, Al-Ameen Medical College
and Hospital, Vijayapura (Bijapur), Karnataka, India, over a
two-year period from 2023 to 2025. The study protocol was
finalised before participant recruitment. Ethical approval
was obtained from the Institutional/Local Ethics Commit-
tee of Al-Ameen Medical College and Hospital (IEC Ap-
proval No.: IEC/AMMC/2023/045, dated 11 April 2023).

Written informed consent was obtained from all partici-
pants prior to enrolment. The study was conducted in ac-
cordance with the ethical principles of the World Medical
Association Declaration of Helsinki [10]. Reporting and
methodological transparency were aligned with interna-
tionally accepted guidance for observational studies [11].

A total of 50 consecutive patients aged =18 years who
were clinically suspected or previously diagnosed with a
perianal fistula were included. Patients were excluded if
they had any non-MRI-compatible implants or devices,
significant claustrophobia/MRI-related anxiety, or did not
complete follow-up required for surgical correlation. Each
participant underwent a standardised clinical assessment
including history taking, physical examination (including
local perianal examination), and baseline laboratory inves-
tigations as per institutional practice. MRI was performed
on a 1.5 Tesla scanner using a four-channel phased-array
body coil. Imaging planes were planned with reference to
the anal canal axis to optimise depiction of the sphincter
complex and fistula course. The protocol included axial
T1-weighted imaging, coronal T2-weighted imaging, short
tau inversion recovery (STIR) imaging, and DWT acquired
using b-values of 0, 500, 1,000, and 1,500 s/mm?. In cases
where presacral or higher extension was suspected clini-
cally or on initial images, additional sagittal T1-weighted
sequences were obtained. Intravenous gadolinium contrast
and endorectal coils were not used in this study. The MRI
protocol used for fistulography is presented in Table 1. Dis-
ease severity was categorised using the St James’s University
Hospital MRI grading system [12].

Table 1. MRI protocol used for fistulography

Contrast-enhanced

MRI sequences Non-contrast scans Non-contrast fatsuppressed scans
fatsuppressed scans
TIW FSE T2W FSE FSTIWFSE  FST2W FSE FSTIW FSE with 3D
reconstruction
Imagi Axial and Sagittal, axial, Axial and Sagittal, axial, . .
maging plane Sagittal, axial, coronal
coronal coronal coronal coronal
TR/ TE (ms) 633 /11 5,040/ 113 766 /11 6,320/ 116 500/ 11
FOV 345 x 345 346 x 346 347 x 347 347 x 347 300 x 300
Section thickness 6 mm 6 mm 6 mm 6 mm 6 mm
(mm)
Matrix 512*512 512*512 512*512 512*512 512*512

Note: FSE - fast spin echo; TIW/T2W - T1-weighted/T2-weighted; FS - fat suppressed; TR - repetition time; TE - echo

time; FOV - field of view
Source: compiled by authors

All MRI examinations were interpreted by a radi-
ologist experienced in pelvic MRI. The radiologist doc-
umented the fistula type and classification (based on its
relationship to the sphincter complex), the location of the
internal opening (including its position relative to the anal
canal), and the presence of secondary tracts/ramifications
and abscesses/collections. Imaging features suggestive of

active inflammation were assessed using STIR signal and
diffusion restriction patterns. Findings were recorded in a
structured format to facilitate comparison with operative
findings. Surgical intervention was performed in most cas-
es within one week following MRI, with a median interval
of one day between imaging and surgery. Intraoperative
findings were documented by the operating surgeon, in-
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cluding the fistula course, internal opening site, presence
of secondary tracts, and associated abscesses. MRI findings
were compared with intraoperative observations (reference
standard) to assess diagnostic concordance for internal
opening localisation, secondary tract detection, and abscess
identification. Data were entered into Microsoft Excel and
analysed using IBM SPSS Statistics (Version 26). Continu-
ous variables were summarised using the mean and stand-
ard deviation or range, where appropriate, while categorical
variables were presented as frequencies and percentages.
Associations between categorical variables were evaluated
using the chi-squared test. A p-value <0.05 was considered
statistically significant, whereas p <0.001 was considered
highly significant where applicable.

Results
A total of 50 patients with clinically suspected or previously
diagnosed fistula-in-ano were evaluated using MRI fistulog-
raphy, and imaging findings were correlated with intraop-
erative observations whenever surgery was performed. The
cohort demonstrated a typical epidemiological profile for
fistula-in-ano, with a predominance in mid-adulthood and
a higher frequency in males. However, beyond demographic
patterns, the results highlighted a clinically important find-
ing: patients diagnosed with clinically uncomplicated dis-
ease based on initial clinical examination may in fact have
more extensive lesions, abscesses, or secondary branches. In
this context, MRI plays a key role in preoperative detection.
The age distribution showed a clear concentration in
the middle decades of life. Patients aged 31-40 years (34%)

45
40

No. of patients

and 41-50 years (32%) together comprised nearly two-
thirds of the cohort, indicating that the disease burden
peaked in the third to fifth decades. Fewer patients were
observed at the extremes of age (<30 years and >60 years),
implying relatively lower disease occurrence in younger
and older groups. This distribution is relevant because mi-
dadulthood is often associated with delayed presentation
after recurrent perianal sepsis, increasing the likelihood
of tract maturation, branching, or occult collections that
benefit from detailed imaging. A male predominance was
observed (66% male, 34% female). While this confirms
that fistula-in-ano was more frequent among men in this
cohort, subsequent analyses showed that sex did not signif-
icantly influence key MRI indicators such as contrast en-
hancement or grade distribution. Thus, sex appeared more
reflective of disease occurrence than of disease activity or
complexity in those affected.

Clinical inspection showed that single internal and
external openings were present in 86% of patients, imply-
ing that most patients presented with a single dominant
pathway rather than multiple external exits. This finding
can create an impression of clinically uncomplicated dis-
ease; however, MRI grading demonstrates that a substantial
proportion already exhibit transsphincteric or more com-
plex patterns, reinforcing the need for imaging even when
clinical examination suggests a straightforward tract. The
distribution of openings and the predominance of single
openings are illustrated in Figure 1, which supports the
observation that most cases did not present with multiple
cutaneous exit points.
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Figure 1. Distribution of fistula openings

Source: compiled by authors

The location of external openings demonstrated a strong
posterior tendency. Most external openings were located at
the 4-6 oclock positions (58.1%), indicating posterior quad-
rant predominance (Fig. 2). This pattern is clinically mean-
ingful because posterior tracts may extend deeply and curve
around sphincteric planes, and they may be associated with

concealed sepsis that is not readily apparent on digital rectal
examination. Although multiple openings were infrequent,
they tended to occur in association with more advanced dis-
ease, consistent with the clinical concept that multiple ex-
ternal openings frequently represent branching, chronicity,
or recurrent sepsis rather than early uncomplicated fistula.
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Figure 2. Clock-face distribution of fistula openings

Source: compiled by authors

Regarding tract anatomy, intersphincteric fistulas were
the most common subtype (42%), confirming that the in-
tersphincteric plane remains the dominant route of spread
in many patients. From an operative standpoint, inter-
sphincteric disease is often amenable to sphinctersparing
techniques, and MRI mapping helps define tract location,
height, and internal opening position. However, the cohort
also included a considerable proportion of tracts extending
beyond the intersphincteric plane, indicating that a mean-
ingful fraction of patients already had transsphincteric or

25 21
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higher-grade disease. This mixture of simple and complex
patterns underscores why reliance on clinical impression
alone can result in underestimation of disease extent. MRI
detected associated abscesses in 20% of patients (Fig. 3).
This is a key clinical finding because undrained abscesses
and missed septic foci are major contributors to persistent
symptoms and postoperative recurrence. Abscess detection
on MRI therefore provides direct, actionable information
for operative planning, prompting careful drainage and ex-
ploration for related extensions.
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Figure 3. Types of fistula tracts and associated abscesses on MRI

Source: compiled by authors

Inflammatory activity was assessed using contrast en-
hancement, which was present in 46% of cases and absent
in 54%. Enhancement is clinically relevant because it of-
ten reflects active inflammation or granulation tissue and
may signal ongoing disease activity rather than inactive
fibrotic tracts. The demographic breakdown of enhance-
ment showed a statistically significant association between
age and enhancement (p = 0.0456, Table 2). The 31-40-year
group demonstrated the highest relative proportion of

enhancing disease, suggesting that patients in this age band
were more likely to present with active inflammatory fistu-
las rather than quiescent chronic tracts. In contrast, older
age groups showed relatively more non-enhancing disease,
which may reflect chronic fibrosis or less active inflamma-
tion. Importantly, no significant sex-based difference in en-
hancement was found (p=0.9141, Table 2), reinforcing that
inflammatory activity on MRI was not dependent on sex
within this cohort.

Table 2. Contrast enhancement findings by demographics

Demographics Present (n, %) Absent (n, %) p-value
S Male 15 (30.0) 18 (36.0) X=0.1163
N Female 8 (16.0) 9 (18.0) p=09141
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Continued Table 2

Demographics Present (n, %) Absent (n, %) p-value
<30 2 (4.0) 4(8.0)
31-40 13 (26.0) 4(8.0)
Age 41-50 5(10.0) 11 (22.0) p)i T)iiigi*
51-60 2 (4.0) 5(10.0)
>60 1(2.0) 3(6.0)

Note: *p < 0.05 was considered statistically significant. The chi-squared test was used to assess the association between

demographic variables and contrast enhancement findings
Source: compiled by authors

Disease severity was categorised using the St James’s
University Hospital MRI grading system [12]. Grade I
(34%) and Grade III (26%) were the most prevalent grades
(Table 3). This distribution is clinically important: Grade I
reflects uncomplicated intersphincteric disease, whereas
Grade III reflects transsphincteric involvement, representing

a step-up in anatomical complexity and potential surgical
risk. The relatively high proportion of Grade III cases in-
dicates that a substantial subset of patients had fistulas that
traverse sphincteric structures, making accurate mapping
essential to avoid iatrogenic sphincter injury and to plan
appropriate sphincter-preserving approaches.

Table 3. MRI classification of fistula tracts (St James’s classification)

Grade Frequency (n = 50) Percentage (%)
I 17 34.0
II 9 18.0
111 13 26.0
v 14.0
A\ 8.0

Source: compiled by authors

No statistically significant association was found
between St Jamess grade and age (p = 0.4347) or be-
tween grade and sex (p = 0.3006) (Table 4). In other
words, neither age group nor sex reliably predicted fistula
complexity on MRI. This is clinically relevant because it
supports the use of MRI across all demographic catego-
ries rather than limiting imaging to selected groups. In

contrast, a strong association between grade and contrast
enhancement was identified (p < 0.0001). This finding
indicates that more complex fistulas were more likely to
demonstrate enhancement, aligning with the concept
that advanced disease often carries a greater inflamma-
tory burden, larger tract volume, recurrent infection, and
more frequent secondary sepsis.

Table 4. Correlation of St James’s grade with sex, contrast enhancement, and age

Male Female Present Absent 41-50 51-60
Grade (n, %) (m, %) (m, %) (n, %) (n, %) (n, %)
Sex Contrast Age
I 11(22.0)  6(12.0) 2 (4.0) 15 (30.0) 2 (4.0) 3(6.0) 7 (14.0) 3(6.0) 2 (4.0)
II 4(8.0) 5(10.0) 8 (16.0) 1(2.0) 0 (0.0) 5(10.0) 2 (4.0) 1(2.0) 1(2.0)
III 10 (20.0) 3 (6.0) 3 (6.0) 10 (20.0) 3(6.0) 2 (4.0) 6(12.0) 1(2.0) 1(2.0)
v 4(8.0) 3(6.0) 7 (14.0) 0 (0.0) 0(0.0) 5(10.0) 1(2.0) 1(2.0) 0 (0.0)
\% 4(8.0) 0 (0.0) 3(6.0) 1(2.0) 0(0.0) 1(2.0) 1(2.0) 1(2.0) 1(2.0)
p-value X=4.873; p=0.3006 X=27.01; p<0.0001* X=16.26; p=0.4347

Note: *p <0.05 was considered statistically significant
Source: compiled by authors

Complexity-related features increased with grade.
Among Grade II-V fistulas, 20% had associated abscesses
and 26% demonstrated secondary tracts (Table 5). The ab-
sence of abscesses in Grade I cases supports the interpre-
tation that uncomplicated intersphincteric fistulas are less
likely to harbour established sepsis, whereas higher grades

require careful evaluation for collections. Secondary tracts
were most frequently seen in Grade III fistulas, suggesting
that once the tract extends transsphincterically, the oppor-
tunity for lateral or superior extension increases, making
Grade III an important “transition” category between sim-
ple and complex disease.
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Table 5. Correlation of fistula severity with abscess and tract presence

Grade Abscess present (n, %) Secondary tract present (n, %)
1 0(0.0) 2 (4.0)
11 2 (4.0) 3 (6.0)
111 3(6.0) 4(8.0)
v 3(6.0) 2 (4.0)
\% 2(4.0) 2 (4.0)

Source: compiled by authors

MRI demonstrated 100% sensitivity and 100% specificity
for detecting internal openings, which indicates their reliable
identification without false-positive results. This is of great
practical importance, since an undetected internal opening
is the main cause of recurrence. For abscesses, MRI showed
90% sensitivity and 100% specificity (Table 6), indicating high
reliability of the method and a low rate of missed collections.
For secondary tracts, the sensitivity was 76.5% with a spec-
ificity of 100%: the branches detected by MRI were reliable,

but some small or intermittently patent secondary tracts
could only be identified intraoperatively, which emphasises
the complementary role of surgical exploration. Although
ideal values (100%) are rare, they are possible in the absence
of misclassification, especially with small samples. At the
same time, 95% confidence intervals remain wide, particular-
ly for specificity, due to the limited number of true negative
cases (e.g. 7 TN), which necessitates cautious generalisation
of the results despite the high observed efficacy.

Table 6. Diagnostic accuracy of MRI for fistula evaluation

Positive predictive

Negative predictive

e e o e e o
Feature TN Sensitivity (%) Specificity (%) value (%) value (%)
Secondary tracts 13 0 4 33 76.5 100.0 100.0 89.2
Abscess 9 0 1 40 90.0 100.0 100.0 97.6
detection
Internal 43 0 0 7 100.0 100.0 100.0 100.0
openings

Note: TP - true positive; FP - false positive; FN - false negative; TN - true negative

Source: compiled by authors

Grade-wise concordance between MRI and surgery
remained strong (Table 7), indicating that MRI grading
generally aligned well with operative findings across the se-
verity spectrum. Minor reductions in specificity at certain

grades likely reflected borderline interpretative findings or
the inherent difficulty of distinguishing subtle extensions in
early disease, whereas more complex grades tended to show
clearer imaging patterns and strong surgical agreement.

Table 7. MRI and surgical concordance by fistula grade

Grade MRiiel;f)“ed Concf;‘;ag;i“(ln’ " Not(z? ﬁ/:;‘ted TP FP FEN TN Sensitivity (%) Specificity (%)
I 17 (34.0) 13 (26.0) 1(2.0) 13 4 0 33 100 89.2
I 9 (18.0) 9 (18.0) 0(0.0) 9 0 0 41 100 100
T 13 (26.0) 12 (24.0) 1(20) 2 1 0 100 97.4
v 7 (14.0) 7 (14.0) 0(0.0) 7 0 0 43 100 100
v 4(8.0) 3(6.0) 1(2.0) 3 1 0 45 100 97.8

Note: TP - true positive; FP - false positive; FN - false negative; TN - true negative

Source: compiled by authors

In this cohort, fistula-in-ano predominantly affect-
ed middle-aged adults and occurred more frequently in
males. While many patients appeared to have single-open-
ing disease, MRI demonstrated a meaningful burden of
higher-grade fistulas, abscesses, and secondary extensions
that could alter surgical strategy. Contrast enhancement
was significantly related to age and strongly associated
with higher MRI grades, supporting its value as a mark-
er of active and complex disease. Overall, MRI fistulog-
raphy showed excellent performance for internal opening
identification and abscess detection and provided reliable

preoperative mapping to guide surgery and reduce the risk
of missed disease.

Discussion

Fistula-in-ano is anatomically heterogeneous, ranging from
simple intersphincteric tracts to complex disease with sec-
ondary extensions, horseshoe components, supralevator
spread, and abscess formation. Because recurrence is most
commonly driven by failure to identify the true internal
opening and occult secondary pathways, preoperative
delineation of fistula anatomy is essential for selecting an
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appropriate operative approach and for minimising avoid-
able sphincter injury. Although clinical examination and
examination under anaesthesia remain important, these
approaches may under-recognise deep intersphincteric ex-
tensions, high transsphincteric tracts, or small collections —
particularly in recurrent or scarred disease — thereby creat-
ing a rationale for MRI-based mapping.

MRI is currently regarded as the most informative im-
aging modality for perianal fistulas because it depicts the
sphincter complex and fistulous tracts with high soft-tissue
contrast in multiple planes. This aligns with the observa-
tions of G.N. Buchanan et al. [13] and 1.]. Beckingham et
al. [14], who emphasised MRIs ability to define tract
course, internal openings, and associated inflammation in
a manner that is directly actionable for surgeons. MRI also
supports the planning of sphincter-sparing strategies by
clarifying the relationship of the tract to the internal and ex-
ternal sphincters, which is often difficult to establish confi-
dently with clinical assessment alone. The present findings,
showing substantial agreement between MRI and operative
assessment for key anatomical targets, therefore align with
the expected global trend rather than diverging from it. The
clinically decisive advantage of MRI lies in revealing disease
elements that change surgical management, including sec-
ondary tracts, horseshoe extensions, and abscesses. High
concordance for these components has been reported in
large operative-correlation cohorts. For example, D. Vo et
al. [15] documented very high agreement between MRI
and intraoperative findings across a large patient series,
with particularly strong performance for internal opening
localisation and abscess detection. The present study sim-
ilarly demonstrated meaningful MRI-operative alignment
for these endpoints, supporting the concept that MRI func-
tions as a “surgical roadmap” rather than merely a diag-
nostic test. In addition, the distribution of occult disease
elements detected in the present cohort is comparable to
findings from regional cohorts. H.R. Jat et al. [16] reported
similar frequencies of secondary tracts and abscesses in a
50-patient study, supporting the reproducibility of MRI-
based detection in routine practice settings.

At the same time, some performance differences rela-
tive to the larger literature warrant explanation to provide
a balanced interpretation. Secondary tract sensitivity in
the present cohort was lower than in some high-volume
studies, including those of D. Vo et al. [15] and prospec-
tive series discussed by P. Garg et al. [17]. Several factors
could account for this discrepancy without contradicting
MRT’s overall utility. First, patient mix strongly influences
secondary tract prevalence and detectability; cohorts en-
riched with recurrent disease or highercomplexity fistulas
tend to yield higher rates of ramifications and therefore
may report higher apparent detection, while more typi-
cal mixed outpatient cohorts may include fewer complex
branches. Second, MRI protocol design affects conspicui-
ty: studies that routinely incorporate contrast-enhanced
fat-suppressed T1-weighted sequences, 3D acquisitions, or
tailored high-resolution approaches may better depict fine

ramifications than conventional noncontrast protocols.
This is consistent with observations by I.]. Beckingham et
al. [14], who noted that contrast can help distinguish ac-
tive inflammation from fibrosis, and with later study by
B.A. Kumar et al. [18], who reported improved depiction of
specific complex features using enhanced sequences. Third,
sample size may contribute; smaller cohorts inherently
produce wider variability in sensitivity estimates compared
with multi-hundred-patient datasets, making modest dif-
ferences plausible even when imaging quality is high. The
potential incremental value of diffusion-based techniques
in improving tract conspicuity has also been highlighted.
S.M. Abd-Elwahab et al. [19] reported improved diagnostic
performance when MR fistulography was combined with
DWTI, supporting the view that advanced sequences may be
particularly helpful for subtle secondary branches or com-
plex inflammatory disease.

The present article also supported the practical value
of structured MRI-based grading for standardised commu-
nication. The St Jamess University Hospital MRI classifi-
cation [12] is widely used because it summarises sphincter
involvement and the presence of complications in a man-
ner that is useful for surgical planning. H. Sarda et al. [20]
reported strong agreement between St James’s grading and
operative assessment, particularly in higher grades where
clinical evaluation is least reliable, while B.A. Kumar et
al. [18] similarly reported statistically significant MRI-sur-
gical correlation in complex fistulas. The observed agree-
ment in the present cohort reinforces the utility of struc-
tured classification for aligning radiological description
with operative decision-making. However, discrepancies
may still occur in advanced disease, where fibrosis, oede-
ma, and postoperative scarring can obscure subtle branch-
es or where operative assessment may underestimate deep
extensions that are better appreciated on multiplanar im-
aging. These limitations highlight the need for structured
reporting and systematic surgical exploration rather than
suggesting any fundamental weakness of MRI.

Comparative evidence also clarified why MRI is con-
sistently preferred over alternative modalities for complex
disease. Studies by S.M. Hussain et al. [21] and A.G. Mai-
er et al. [22] have reported MRI superiority over endoanal
ultrasound for defining the full tract course, sphincter
relationships, and deep extensions, while N. Tripathi et
al. [23] noted that conventional fistulography may miss
internal openings and ramifications, limiting its usefulness
in surgical planning. Reports such as S.S. Patil & R.S. Tath-
ode [24] further emphasised that MRI-guided mapping
can assist in selecting the appropriate operative pathway in
higher-grade fistulas, especially where abscess drainage or
identification of hidden extensions alters the surgical plan.
Together, this body of studies supports the interpretation
that MRI’s advantage lies not only in detection but also in
reproducible anatomical mapping across planes and com-
partments. Methodological considerations must also be
acknowledged when interpreting concordance. Single-ra-
diologist interpretation may introduce observer bias, and
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lack of surgeon blinding to MRI findings may inflate agree-
ment because operative exploration can be guided by pre-
operative imaging. These limitations have been recognised
in operative-correlation designs, including those discussed
by D. Vo et al. [15] and H. Sarda et al. [20]. Additionally,
timing between imaging and surgery can affect detection
of collections if sepsis evolves between assessments, par-
ticularly for small abscesses. Such factors help explain why
concordance rates vary across studies even when MRI is
widely accepted as the most informative modality.

Thus, MRI provides dependable preoperative anatom-
ical mapping for fistula-in-ano, with strong alignment to
operative findings for primary tract characterisation and in-
ternal opening localisation. Differences from some larger or
contrast-enhanced series were most apparent in secondary
tract depiction and can be reasonably attributed to protocol
differences, case mix, and study design rather than to incon-
sistency with the broader evidence base. These findings sup-
port the continued routine use of MRI for operative planning
and underscore the value of standardised MRI protocols and
structured reporting. A clear implication is that optimising
sequence selection — particularly through selective incor-
poration of advanced diffusion-based or contrast-enhanced
techniques where appropriate — and improving reporting
consistency may further enhance detection of subtle second-
ary extensions and small collections, thereby strengthening
surgical precision and reducing recurrence risk.

Conclusions

In this prospective cohort study of 50 patients with clini-
cally suspected or previously diagnosed fistula-in-ano, MRI
fistulogram provided accurate preoperative delineation of
fistula anatomy. Analysis showed that intersphincteric fis-
tulas were the most common subtype (42%). It was demon-
strated that most patients presented with a single dominant

References

pathway, as single internal and external openings were
identified in 86% of cases; however, MRI identified addi-
tional surgically relevant complexity in a subset of patients,
including associated abscesses (20%) and secondary tracts,
which can directly influence operative strategy. MRI-surgi-
cal correlation was available in 43 patients (86%), and MRI
demonstrated high diagnostic accuracy for the most criti-
cal surgical endpoint: internal opening localisation showed
100% sensitivity and 100% specificity. It was also found that
abscess detection showed 90% sensitivity and 100% speci-
ficity, supporting MRI’s value in identifying sepsis requir-
ing targeted drainage. For secondary tracts, MRI demon-
strated 76.5% sensitivity and 100% specificity, indicating
high reliability when secondary extensions were detected,
while also emphasising that very small or intermittently
patent branches may still be revealed intraoperatively. Fur-
ther research should focus on larger multicentre cohorts
with standardised reporting and blinded image interpre-
tation to validate diagnostic performance across different
settings. Comparative evaluation of optimised MRI proto-
cols, including diffusion-weighted and contrast-enhanced
sequences, is warranted to determine whether secondary
tract detection and grading accuracy can be further im-
proved, particularly in complex and recurrent fistulas.

Acknowledgements
None.

Funding
This research received no financial support from any fund-
ing agency, commercial entity, or organisation.

Conflict of Interest
The authors declare that there are no conflicts of interest
related to this study.

(1]
(2]
(3]

(4]
(5]
(6]
(7]

(8]

Boruah DK, Hazarika K, Ahmed H, Borah KK, Borah S, Malakar S, et al. Role of diffusion-weighted imaging in the
evaluation of perianal fistulae. Indian ] Radiol Imaging. 2021;31(1):91-101. DOL: 10.1055/5-0041-1729673

Soydan L. Evaluation of activity of perianal fistulas by diffusion-weighted imaging. Turk ] Colorectal Dis.
2022;32(4):245-51. DOI: 10.4274/tjcd.galenos.2022.2021-12-15

Abdulla KV, Arunachalam VK, Sherene H, Ethiraju V, Ranganathan R, Gowtham SM, et al. Comparison of contrast-
enhanced 3D T1-weighted imaging with conventional 2D contrast-enhanced MRI in the evaluation of complex
perianal fistulas. Indian J Radiol Imaging. 2024;34(1):95-102. DOI: 10.1055/5-0043-1775738

Madany AH, Murad AF, Kabbash MM, Ahmed HM. Magnetic resonance imaging in the workup of patients with
perianal fistulas. Egypt ] Radiol Nucl Med. 2023;54:50. DOI: 10.1186/s43055-023-00975-5

Aggarwal P, Malik R, Sarawagi R, Kumar A, Sharma J. Diffusion-weighted MRI in perianal abscess: Role and
comparison with contrast-enhanced MRI. Cureus. 2024;16(4):€59035. DOI: 10.7759/cureus.59035

Narsingh NP, Goswami V, Sharma R. Assessment of clinical MRI and intraoperative findings in cases of anorectal
fistula. ] Pharm Bioallied Sci. 2024;16(4):53992-5. DOL: 10.4103/jpbs.jpbs 1412 24

Tao Q, Tang Y, Luo Y, Li D, LuR, Zheng Z, et al. Comparison of multi-phase contrast-enhanced T1-weighted volumetric
interpolated breath-hold examination and fat-suppressed T2-weighted combined with diffusion-weighted magnetic
resonance imaging in anal fistula evaluation. Quant Imaging Med Surg. 2024;14(12):8629-43. DOI: 10.21037/qims-
24-490

Basavaraju UK, Ravate Patil SS, Manupratap N, Tejesh B, Shamasundara ST, Reuben L. Magnetic resonance
fistulography with percutaneous jelly: A novel and cost-effective technique. SA ] Radiol. 2025;29(1):a3166.
DOI: 10.4102/sajr.v29i1.3166

52

International Journal of Medicine and Medical Research, 2026, Vol. 12, No. 1


https://doi.org/10.1055/s-0041-1729673
https://doi.org/10.4274/tjcd.galenos.2022.2021-12-15
https://doi.org/10.1055/s-0043-1775738
https://doi.org/10.1186/s43055-023-00975-5
https://doi.org/10.7759/cureus.59035
https://doi.org/10.4103/jpbs.jpbs_1412_24
https://doi.org/10.21037/qims-24-490
https://doi.org/10.21037/qims-24-490
https://doi.org/10.4102/sajr.v29i1.3166

Vahab et al.

[9] Cantiirk AO, Demir H, Eréz E, Kérmen A, Bacak E, Goéniillii E, et al. Real-time contrast-enhanced endoanal
ultrasound vs. MRI in perianal fistula: Which modality leads to better surgical mapping? Laparosc Endosc Surg Sci.
2025;32(3):105-11. DOL: 10.14744/less.2025.35555

[10] The World Medical Association. Declaration of Helsinki: Ethical Principles for Medical Research Involving Human
Subjects [Internet]. [cited 2025 Nowember 13]. Available from: https://www.wma.net/what-we-do/medical-ethics/
declaration-of-helsinki/

[11] von Elm E, Altman DG, Egger M, Pocock SJ], Getzsche PC, Vandenbroucke JP. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Lancet.
2007;370(9596):1453-7. DOI: 10.1016/S0140-6736(07)61602-X

[12] Morris J, Spencer AJ, Ambrose NS. MR imaging classification of perianal fistulas and its implications for patient
management. RadioGraphics. 2000;20(3):623-35. DOI: 10.1148/radiographics.20.3.g00mc15623

[13] Buchanan GN, Halligan S, Williams AB, Cohen CRG, Tarroni D, Phillips RKS, et al. Magnetic resonance imaging for
primary fistula in ano. Br ] Surg. 2003;90(7):877-81. DOI: 10.1002/bjs.4125

[14] Beckingham IJ, Spencer JA, Ward ], Dyke GW, Adams C, Ambrose NS. Prospective evaluation of dynamic contrast
enhanced magnetic resonance imaging in the evaluation of fistula in ano. Br ] Surg. 1996;83(10):1396-8. DOI: 10.1002/
bjs.1800831022

[15] Vo D, Phan C, Nguyen L, Le H, Nguyen T, Pham H. The role of magnetic resonance imaging in the preoperative
evaluation of anal fistulas. Sci Rep. 2019;9:17947. DOI: 10.1038/s41598-019-54441-2

[16] Jat HR, Patel N, Barath S, Yadav P. Role of MRI in the diagnosis and pre-operative classification of perianal and anal
fistulas — a cross-sectional study, Southern Rajasthan. ] Evid Based Med Healthc. 2021;8(33):3156-62. DOI: 10.18410/
jebmh/2021/574

[17] Garg P, Singh P, Kaur B. Magnetic Resonance Imaging (MRI): Operative findings correlation in 229 fistula-in-ano
patients. World J Surg. 2017;41(6):1618-24. DOI: 10.1007/s00268-017-3886-x

[18] Kumar BA, KRR, Naik RR, Ponnam S. Role of MR fistulogram in preoperative assessment of anorectal fistulas and its
correlation with intraoperative findings. Int ] Med Pub Health. 2025;15(2):1332-9. DOI: 10.70034/ijmedph.2025.2.240

[19] Abd-Elwahab SM, Mohamed AO, Abdelhamid NA, Negm MA. Role of MR fistulography combined with diffusion-
weighted magnetic resonance imaging in evaluation of perianal fistula. Egypt ] Hosp Med. 2023;90(2):2945-51.
DOI: 10.21608/ejhm.2023.287847

[20] Sarda H, Pandey A, Regmi S, Masood S. Magnetic resonance imaging for fistulography in perianal fistula:
Clinicoradiological correlation. Int Surg J. 2022;9(9):1553-7. DOI: 10.18203/2349-2902.i5j20222094

[21] Hussain SM, Stoker J, Schouten WR, Hop WC, Laméris JS. Fistula in ano: Endoanal sonography versus endoanal MR
imaging in classification. Radiology. 1996;200(2):475-81. DOI: 10.1148/radiology.200.2.8685344

[22] Maier AG, Funovics MA, Kreuzer SH, Herbst E Wunderlich M, Teleky BK, et al. Evaluation of perianal sepsis:
Comparison of anal endosonography and magnetic resonance imaging. ] Magn Reson Imaging. 2001;14(3):254-60.
DOI: 10.1002/jmri.1181

[23] Tripathi N, Chavan S, Bendre M, Sharma V. Comparative study of MRI fistulogram and X-ray fistulography with
operative findings: In fistula in ano. Int Surg J. 2019;6(5):1704-9. DOI: 10.18203/2349-2902.i5j20191894

[24] Patil SS, Tathode RS. Role of MR fistulogram in preoperative assessment of anorectal fistulas and its correlation with
intraoperative findings. Int ] Radiol Diagn Imaging. 2020;3(1):210-4. DOI: 10.33545/26644436.2020.v3.i1¢.78

International Journal of Medicine and Medical Research, 2026, Vol. 12, No. 1 53


https://doi.org/10.14744/less.2025.35555
https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/
https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1148/radiographics.20.3.g00mc15623
https://doi.org/10.1002/bjs.4125
https://doi.org/10.1002/bjs.1800831022
https://doi.org/10.1002/bjs.1800831022
https://doi.org/10.1038/s41598-019-54441-2
https://www.jebmh.com/articles/role-of-mri-in-the-diagnosis-and-preoperativeclassification-of-perianal-and-anal-fistulas-a-crosssectional-study-souther.pdf.pdf
https://www.jebmh.com/articles/role-of-mri-in-the-diagnosis-and-preoperativeclassification-of-perianal-and-anal-fistulas-a-crosssectional-study-souther.pdf.pdf
https://doi.org/10.1007/s00268-017-3886-x
https://www.ijmedph.org/Uploads/Volume15Issue2/240.%202142.%20IJMEDPH_Jafar_1332-1339.pdf
https://doi.org/10.21608/ejhm.2023.287847
https://doi.org/10.18203/2349-2902.isj20222094
https://doi.org/10.1148/radiology.200.2.8685344
https://doi.org/10.1002/jmri.1181
https://doi.org/10.18203/2349-2902.isj20191894
https://doi.org/10.33545/26644436.2020.v3.i1c.78

Evaluation of anorectal fistula...

OuiHKa aHOpPEeKTAAbHOI PicTyAHU
3a Aonomorolo MPT-chbicTyAorpamm Ta il KOpekuis
3 YPOAXYBAHHAM iHTPAONEPALIMHUX ACGHUX

Mamncypi Baxa6

CTapLummi OpAMHATOPR

MeAniHMIM KoOAEAXK TOBAPUCTBA MEAMHHOT OCBITM TA AOCAIAXKEHDb LUTATY [YAXAPAT
380060, Coaqa, M. Axmeaabaa, [Haig

https://orcid.org/0009-0006-6174-7564

Cauin I' llararap

AoLLeHT

MeAnYHUIN KOAEAX | AIKAPHS AAb-AMIH
586108, Aop. ATaHI, M. Biaxxanyp, IHais
https://orcid.org/0009-0003-2202-2008

Caep Araymia

MOAOALLIMIA KOHCYABTAHT

AikapHs «CnapLuy

560035, aop. Capaxanyp, m. baHraaop, [Hais
https://orcid.org/0009-0001-1160-8252

Caepn Xycaiin
CrapLumm opAMHATOP
AIKQPHS [HCTUTYTY MeAMYHMX HOYK TyAbDaprn

585105, aop. Ceaam, m. Kaaabypari, [Hais
https://orcid.org/0009-0000-7859-8821

Pi¢a Has

CrapLumm opAMHATOP

MeanyHUIn Koaeax imeHi FTanels Pao
575029, Hepmapra, m. MaHraaypy, IHais
https://orcid.org/0009-0001-2710-3523

AHoOTALiA. HesBaxaroun Ha Te, 1[0 MarHiTHO-pe30HAHCHA ToMOrpadis € KpaumM METOLOM IS IlepeforepariitHo
OLiHKM aHambHOI QicTyny, fAaHi NpAMOi MarHiTHO-pe3oHaHCHOI ToMmorpadil Ta iHTpaomepaniiHoi Koperanii
3aIMIIAIOTHCA HeOOXITHMMIY JUIA HiATBEpIXKEeHH TOYHOTO BifloOpa’keHHA BHYTPIIIHIX OTBOPIB, BTOPUHHUX IIPOXOJiB
Ta abcuecis, W06 3amoOirTM HecBOEYACHIN [iarHOCTULI Ta pelMAuBy. MeTol LbOro JOCHPKeHHA Oyno OLiHuTH
KOPEJIALII0 MDK pesylbraTaMyl MAarHiTHO-pe30HAaHCHOI Tomorpadil Ta iHTpaolepalifiHMMM CHOCTEPEKEHHAMU Y
IAlli€HTIiB 3 aHOpeKTanbHUMIU (icTynamu. Ile mpocrexTBHe HOCTiIXeHH 6Y/I0 IpoBefeHO B MeaNyHOMy KOleKi Ta
mikapHi Anb-AMiH 3 50 manieHTaMu 3 KIiHIYHO Mi03pIOBaHOI0 a00 paHillle NiarHOCTOBAHOIO IepiaHaIbHOIO (icTYIOM0,
AKYUM OY/I0 IPOBEIEeHO MarHiTHO-pe30HaHCHY ToMorpadiio Ha ckaHepi 1,5 Tecna 3 BUKOpUCTaHHAM IocmigoBHocTeit T1,
T2, xoporkoro BigHOBIeHHA iHBepcil Ta audysiitHO-3BaxkeHOI Bisyamisaril. PesynbraTn 6ynm mpoananisoBaHi 3 MeTOO
wracugikanii ¢icTyn, BU3HAYEHHS MiCLA pO3TAllyBaHHA TPaKTy, BHYTPILIHIX OTBOPIB, abcleciB Ta KOHTPACTHOIO
nificnneHHA. Pesynbraty XipyprivHoro focipkeHHs 6y IOpiBHAHI 3 pe3y/IbTaTaMy MarHiTHO-pe3oHaHCHOI ToMorpadii
IS BCTaHOBJIeHHA Koperanii. Hait6inbin ypakeHuMu BikoByumu rpynamu Oynu 31-50 pokiB, 3 lepeBaXkaHHAM YO/IOBIKiB
(66 %). Hart6inbm nommpenymu 6y MixxcdinkTepHi (42 %) ta TpaHccdinkrepHi (36 %) dpicTymu. MaraiTHo-pe3soHaHCHA
ToMorpadis rmokasajia MOOAVHOKI BHYTpillHi Ta 30BHIIIHI oTBOpU ¥ 86 % mauientiB. CymyTHi abcuecu 6y BUABICH] y
20 %, a KOHTpacTHe HifcuIeHHA 6yyI0 BijdHaueHOo y 46 %. MaruitHo-pesoHaHcHa ToMorpadis npogeMoHcTpyBana 100 %
Yy TMBICTD i crienyivHicTh /1A BHYTPILIHIX OTBOPIB, 90 % 4y TIMBicTb /1 abcecis i 76,5 % [/11 BTOPUMHHNX IPOXOZiB.
PesynbraTy MarHiTHO-pe3oHaHCHOI ToMorpacgil KopenoBanyu 3 iHTpaonepaliiiHUMU pe3ylIbTaTaMmyu B 86 % BUIAIKIB.
MarHiTHO-pe3oHaHCHa ToMorpadis € BUCOKOePeKTUBHMM iHCTPYMEHTOM JiI OLIHKY aHa/IbHUX QiCTYII, ZeMOHCTPYIOUN
BMCOKY Y3TO/PKEHICTb 3 XipypriqHMMY pe3yabraTami. [i peryispHe BUKOPUCTAHHSA MOYKe 3HAYHO MOMIIIIIUTY TIAHYBaHHST
XipypriYHOro BTpy4YaHHs Ta 3MEHIIUTY YaCTOTY PELUMBIB

KAlo4OBi CAOBQ: nepenonepaniitia Bisyanisaris; Xipypriuta Kopessiyis; nepiaHanpHa QicTyia; nepianaabHMiT abcuec;
BHYTPILIHIN OTBip
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Abstract. Mitral regurgitation is among the most prevalent disorders of the cardiac valvular apparatus and leads to
chronic volume overload, left ventricular dilatation, and adverse ventricular remodelling. Despite the proven efficacy of
contemporary surgical techniques for correcting mitral regurgitation, early recovery of left ventricular systolic function
and the tempo of reverse remodelling remain clinically important. The aim of this study was to assess early postoperative
changes in left ventricular systolic function and to analyse the dynamics of ejection fraction as a marker of the effectiveness
of surgical correction of mitral regurgitation. The study enrolled 40 patients with grade III-IV mitral regurgitation who
underwent either mitral valve repair (45%) or mitral valve replacement (55%). Transthoracic echocardiography was
performed three times — preoperatively and at 1 and 3 months after surgery. Ejection fraction was calculated using the
biplane Simpson method in accordance with ASE/EACVI recommendations. Statistical analysis was performed using
built-in Microsoft Excel tools with computation of means, standard deviations, and percentage changes. Preoperatively,
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mean ejection fraction was 48.2%. At 1 month, it increased to 51.7%, and at 3 months to 54.9%, consistent with early
reverse remodelling. The most pronounced improvement was observed in patients with a baseline ejection fraction <50%
(increase of 8-10%). Mitral valve repair was associated with more favourable early dynamics than replacement (7-9%
vs 5-6%). Overall, 75% of patients demonstrated a positive trajectory as early as one month postoperatively. Surgical
correction of mitral regurgitation is associated with a substantial early improvement in left ventricular systolic function.
Ejection fraction dynamics within the first 1-3 postoperative months represent an important prognostic tool, enabling
assessment of procedural efficacy, the rate of reverse remodelling, and optimisation of subsequent patient management

Keywords: reverse remodelling; echocardiography; systolic function; annuloplasty; valve replacement; postoperative

recovery; myocardial contractility

Introduction

Mitral regurgitation remains one of the leading drivers of
chronic left ventricular volume overload and progressive
cardiac remodelling, ultimately resulting in symptomat-
ic heart failure and an increased risk of adverse clinical
outcomes. As emphasised in contemporary international
guidelines by A. Vahanian et al. [1] and C.M. Otto et al. [2],
timely, anatomically guided intervention is critical to pre-
vent irreversible myocardial injury and to improve long-
term prognosis. In routine clinical practice, many patients
present only once functional limitations have developed —
corresponding to New York Heart Association (NYHA)
functional class II-IIT - when symptoms may still be mod-
erate, yet structural remodelling is already established and
may constrain postoperative recovery, as noted by P.A. Hei-
denreich et al. [3].

Accurate assessment of mitral regurgitation severity,
mechanism, and remodelling phenotype is fundamental to
therapeutic decision-making. Current recommendations
advocate an integrated approach based on quantitative and
qualitative echocardiographic parameters, supplement-
ed, when necessary, by other imaging modalities. This
is highlighted in the guidelines by A. Vahanian et al. [1],
C.M. Otto et al. [2], and the imaging recommendations of
P. Lancellotti et al. [4], who emphasised that disease trajec-
tory and response to intervention depend not only on the
degree of regurgitation but also on the adaptation of the
myocardium and cardiac chambers to chronic loading.

Secondary mitral regurgitation is closely intertwined
with the pathophysiology of heart failure: left ventricular
dilatation, papillary muscle displacement, and remodelling
of the fibrous annulus sustain regurgitation and perpetuate
a vicious cycle of progressive dysfunction. A joint Euro-
pean statement by A.J.S. Coats et al. [5] underscores that
management should be stepwise — optimisation of guide-
line-directed heart failure therapy, meticulous clinical and
imaging reassessment, and timely multidisciplinary Heart
Team discussion to determine whether surgical or tran-
scatheter intervention is likely to deliver durable benefit.
Importantly, the anticipated clinical effect depends on the
ability to interrupt maladaptive remodelling and to initiate
reverse remodelling once regurgitation is reduced.

Growing evidence consistently indicates that baseline
myocardial status and the extent of remodelling influence
outcomes and must be considered when interpreting ear-
ly postoperative functional changes. Current heart failure

guidelines emphasise that baseline left ventricular dys-
function and structural remodelling substantially influence
prognosis and should be taken into account when inter-
preting treatment response in patients with secondary mi-
tral regurgitation [3].

In addition, studies by G. Benfari et al. [7] and Joung et
al. [8] indicate that variability in baseline left ventricular
function, remodelling severity, and postoperative recovery
patterns further contribute to heterogeneity in clinical out-
comes after correction of mitral regurgitation. Trial-level
comparisons show that patient selection and baseline re-
modelling substantially affect outcomes, as reflected by dif-
ferences between populations enrolled in major transcathe-
ter mitral repair studies, as reported by B. Iung et al. [9] and
D. Messika-Zeitoun et al. [10].

Taken together, contemporary data confirm that the
clinical benefit of mitral valve interventions is closely
linked to the degree of reverse remodelling achieved after
correction of regurgitation. However, available evidence
remains insufficiently systematised regarding the rate and
characteristics of ejection fraction recovery during the first
three months after mitral valve surgery, particularly across
different baseline remodelling phenotypes. This gap pro-
vides a clear rationale for targeted investigation of early
postoperative changes in left ventricular systolic function
as potential markers of effective correction and myocardial
recovery. The aim of this study was to assess early postop-
erative changes in left ventricular systolic function and to
analyse the dynamics of ejection fraction as a marker of the
effectiveness of surgical correction of mitral regurgitation.

Literature Review

Guidance from the European Association of Cardiovascu-
lar Imaging, as presented by P. Lancellotti et al. [4], further
highlights that standardised multimodality imaging im-
proves reproducibility and enables a meaningful evaluation
of remodelling dynamics before and after intervention. This
is particularly relevant because postoperative changes in
chamber size and systolic performance reflect both recov-
ery of contractile function and alterations in loading con-
ditions following elimination of regurgitant volume. Large
imaging analyses in patients with heart failure and reduced
gjection fraction, such as those conducted by G. Benfari et
al. [7], also demonstrate that both grading and clinical con-
sequences of functional mitral regurgitation differ across
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phenotypes, underscoring the need for individualised inter-
pretation of remodelling and function. Evidence from con-
temporary clinical studies suggests that differences in base-
line left ventricular systolic function and remodelling status
may help explain heterogeneous responses to mitral valve
intervention and divergent trajectories of reverse remodel-
ling [8]. Post hoc analyses, in particular, underscore that the
degree of left ventricular remodelling modifies clinical ben-
efit, suggesting that marked dilatation and limited myocar-
dial reserve may attenuate functional recovery even when
regurgitation is effectively reduced, as shown by D. Messi-
ka-Zeitoun et al. [10]. Moreover, previous surgical series
have shown that baseline ventricular status and the extent of
structural myocardial adaptation are important modifiers of
postoperative recovery and may influence the magnitude of
functional improvement after intervention [11].

Long-term follow-up from transcatheter correction
trials demonstrates that sustained reduction of secondary
mitral regurgitation can translate into durable clinical ben-
efit in appropriately selected patients. Three-year outcomes
confirm further reductions in heart failure hospitalisations
and preservation of clinical advantage compared with med-
ical therapy alone, as demonstrated by M.J. Mack et al. [12],
while five-year data additionally support persistent ben-
efit in selected populations, as reported by G.W. Stone et
al. [13], highlighting the importance of long-term regur-
gitation control and favourable remodelling response over
time. Collectively, these findings reinforce a central prin-
ciple that is equally relevant to surgical correction: durable
elimination or substantial reduction of regurgitation should
promote reverse remodelling, although the extent and tem-
po of functional recovery remain variable and are largely
determined by pre-intervention myocardial condition.

In primary degenerative mitral regurgitation, contem-
porary imaging studies indicate that reverse remodelling
after valve repair extends beyond reduction in chamber di-
mensions and also encompasses changes in myocardial tis-
sue characteristics. Previous studies indicate that apparent-
ly preserved preoperative left ventricular systolic function
does not always reflect normal myocardial reserve, and that
postoperative dysfunction may still occur despite seeming-
ly acceptable baseline parameters [14]. This strengthens the
rationale for early postoperative assessment using sensitive
markers of myocardial recovery, since pre-existing fibrosis
or advanced remodelling may limit reversibility and con-
tribute to incomplete normalisation of function.

Surgical strategies also continue to evolve with respect
to choosing between repair and replacement across differ-
ent aetiologies and high-risk scenarios. Evidence indicates
that outcomes differ between repair and replacement strat-
egies, as demonstrated by A. Tomsic et al. [15], underscor-
ing that procedure selection, underlying substrate, and the
durability of effective regurgitation elimination influence
long-term results. Recurrent regurgitation after repair re-
mains a clinically relevant issue — particularly in ischemic/
functional settings — since recurrent mitral regurgitation
is associated with less favourable reverse remodelling, as

reported by A. Salsano et al. [16], supporting the value of
durable regurgitation control and meticulous selection of
reconstructive techniques to maximise long-term valve
competence. In parallel, contemporary reports in high sur-
gical-risk populations with mitral regurgitation, such as
those by M. Sudo et al. [17], emphasise outcome heteroge-
neity and the importance of baseline status and treatment
strategy for functional recovery and survival.

Reviews and expert syntheses increasingly focus on the
early postoperative period as a critical “window” for under-
standing myocardial adaptation after intervention. Current
approaches to surgical management of mitral regurgitation,
as summarised by S.R. Eapen et al. [18], highlight that early
changes in systolic performance and remodelling parame-
ters may provide clinically meaningful insight into proce-
dural effectiveness and the direction of subsequent recov-
ery, while acknowledging that interpretation is complicated
by immediate post-repair changes in loading conditions af-
ter regurgitant volume is reduced. Accordingly, systematic
evaluation of early postoperative dynamics is important for
risk stratification, follow-up planning, and optimisation of
postoperative management.

Materials and Methods

The study was conducted between 1 August 2025 and
30 November 2025 in I. Horbachevsky Ternopil National
Medical University in Ukraine. This study enrolled 40 pa-
tients with hemodynamically significant grade III-IV mi-
tral regurgitation who met established indications for sur-
gical treatment. All patients were consecutively included
during the study period among individuals fulfilling pre-
defined eligibility criteria and referred for surgical correc-
tion of mitral regurgitation. This consecutive recruitment
strategy minimised selection bias and yielded a clinically
relatively homogeneous cohort. The primary endpoint was
the early postoperative change in left ventricular ejection
fraction (LVEF). Adult patients with confirmed severe mi-
tral regurgitation were eligible provided that indications
for surgical intervention were established by a multidis-
ciplinary Heart Team and patients were able to undergo
standardised echocardiographic follow-up at prespecified
time points. Exclusion criteria comprised acute conditions
requiring emergency surgery, previous mitral valve inter-
ventions, significant concomitant valvular disease necessi-
tating multivalve correction, and inability to complete the
follow-up protocol.

The study was conducted in accordance with general-
ly accepted ethical standards for medical research. Written
informed consent for study participation and publication
of anonymised results was obtained from all participants.
The protocol adhered to the ethical principles of the World
Medical Association’s Declaration of Helsinki [19] for re-
search involving human subjects and complied with Euro-
pean Commission requirements regarding ethics and data
protection. Confidentiality was ensured through data an-
onymisation and restricted access to personal information.
Postoperative management followed contemporary clinical
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guidelines. All patients received standardised pharmaco-
therapy, including guideline-directed heart failure treat-
ment and anticoagulation when indicated. Rehabilitation
was performed according to a unified clinical protocol
incorporating early mobilisation and gradual escalation of
physical activity. Any individualised treatment modifica-
tions were documented and considered in the analysis as
potential confounders.

Degenerative (myxomatous) mitral valve disease was
the most frequent aetiology, identified in 18 patients (45%).
Functional ischemic mitral regurgitation associated with
left ventricular remodelling and altered mitral annular ge-
ometry was diagnosed in 14 patients (35%). Rheumatic mi-
tral valve disease accounted for 6 cases (15%), whereas other
causes — including infective endocarditis and post-trau-
matic changes - were documented in 2 patients (5%). The
mean age of the cohort was 61.8 £9.4 years; 60% were men
and 40% women. All patients exhibited symptoms of heart
failure classified as NYHA functional class II-III according
to the New York Heart Association functional classifica-
tion [20], reflecting clinical decompensation with symptom
duration ranging from 6 months to 4 years.

Patients were allocated into two groups based on the
surgical strategy: the repair group included 18 individuals
(45%) who underwent mitral valve repair using contem-
porary annuloplasty and leaflet reconstruction techniques;
the replacement group comprised 22 individuals (55%)
who underwent mitral valve replacement with either bio-
prosthetic or mechanical prostheses. A substantial propor-
tion of patients had clinically significant comorbidities that
could potentially influence postoperative myocardial re-
covery. Arterial hypertension was the most prevalent con-
dition, present in 30 patients (75%), followed by chronic
ischemic heart disease in 13 patients (32.5%) and atrial fi-
brillation in 12 patients (30%). Type 2 diabetes mellitus was
diagnosed in 8% of patients, while chronic kidney disease
stage I-1I was observed in 6% of the cohort. Follow-up as-
sessments were performed at three time points: preopera-
tively, at 1 month, and at 3 months after surgery. The princi-
pal parameter of interest was LVEF, which was regarded as a
key marker of systolic functional recovery and early reverse
myocardial remodelling. Echocardiographic examinations
were performed using high-resolution expert-grade ultra-
sound systems available in the cardiovascular imaging unit,
employing standard apical two- and four-chamber views.
All studies were conducted by experienced cardiologists
with formal echocardiography training in accordance with
current professional standards. LVEF was calculated using
the biplane Simpson method in line with recommenda-
tions from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging [21].

The free version of ChatGPT was used solely for gram-
mar and spelling checks. All data, research results, and
their interpretation are the authors’ own. Data analysis was
performed in Microsoft Excel (Microsoft Corp., USA). De-
scriptive statistics were computed using standard spread-
sheet functions, including means, standard deviations, and

percentage changes. All LVEF values were entered into a
structured database encompassing three measurement
points: baseline (preoperative), 1 month, and 3 months.
For each interval, the mean LVEF, standard deviation (SD),
range, and percentage change relative to the preceding
time point were calculated. Normality of distribution was
assessed using the Shapiro-Wilk test. Temporal changes in
LVEF were analysed using a two-way repeated-measures
analysis of variance (ANOVA), with time (preoperative, 1
month, 3 months) as the within-subject factor and inter-
vention type (mitral valve repair vs replacement) as the be-
tween-subject factor. This approach enabled assessment of
the main effects of time and group, as well as their interac-
tion. When the assumption of sphericity was violated, the
Greenhouse-Geisser correction was applied. In the absence
of normality, nonparametric alternatives were used. Post
hoc pairwise comparisons were performed with Bonfer-
roni adjustment for multiple testing. A two-sided p value
<0.05 was considered statistically significant.

Results and Discussion
Based on echocardiographic assessment, LVEF was eval-
uated at three time points: prior to surgical correction,
1 month postoperatively, and 3 months after the interven-
tion. Analysis of a cohort of 40 patients demonstrated early
patterns of recovery of systolic function and the dynamics
of reverse myocardial remodelling following the correction
of mitral regurgitation. Preoperative evaluation showed that
in 6 patients (15%), LVEF was >60%; in 14 patients (35%), it
ranged from 50-59%; and in 20 patients (50%), it was <50%.
In the mitral valve repair group (n=18), LVEF 260% was
observed in 4 patients (22%), LVEF 50-59% in 7 patients
(39%), and LVEF <50% in 7 patients (39%). In the mitral
valve replacement group (n=22), LVEF 260% was found
in 2 patients (9%), LVEF 50-59% in 7 patients (32%), and
LVEF <50% in 13 patients (59%). The results of this study
demonstrate a clear, consistent, and clinically significant
improvement in left ventricular systolic function following
surgical correction of mitral regurgitation. A detailed anal-
ysis of changes in ejection fraction during the early post-
operative period not only enables quantitative assessment
of surgical efficacy but also provides deeper insight into
the pathophysiological mechanisms of reverse myocardial
remodelling that determine long-term patient outcomes.
Preoperative cohort characteristics indicate substan-
tial heterogeneity in left ventricular functional status. Half
of the patients (50%) had an ejection fraction <50%, indi-
cating established systolic dysfunction. Another 35% had
an ejection fraction in the range of 50-59%, which may be
considered a borderline state, where early signs of impaired
contractility are already present but partial compensation
is still maintained. Only 15% of patients had an ejection
fraction 260%, corresponding to normal systolic function.
This distribution highlights that most patients undergo
surgical treatment at a stage of significant cardiac remod-
elling. Following surgical correction of mitral regurgita-
tion, a marked shift in hemodynamic conditions occurs.
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Elimination of regurgitation reduces volume overload, but
simultaneously increases effective afterload on the left ven-
tricle. This restructuring is key to interpreting early postop-
erative changes in ejection fraction. In some cases, a tran-
sient decrease in ejection fraction may be observed in the
early period; however, in this study, overall improvement
was already evident at 1 month.

Overall, 75% of patients demonstrated positive dy-
namics as early as 1 month after surgery. This indicates

rapid activation of adaptive mechanisms and the initiation
of reverse remodelling processes. Thus, the first postoper-
ative month can be considered a critical period for evalu-
ating the effectiveness of the intervention. In the group of
patients who underwent mitral valve repair, the most pro-
nounced improvement in functional parameters was ob-
served. The mean ejection fraction increased from 49.5% to
53.4% at 1 month and to 57.2% at 3 months, corresponding
to an overall increase of +7.7% (Table 1).

Table 1. Dynamics of LVEF after mitral valve repair

Time period LVEF(M +SD), % Increase, % p-value
Before surgery 49.5+7.2 - -
At 1 month 53.4%6.9 +3.9 p<0.05
At 3 months 57.2%6.5 +7.7 p<0.01

Source: compiled by authors

Analysis of Table 1 allows several important con-
clusions to be drawn. First, the improvement in ejection
fraction is gradual in nature and is not limited to the early
postoperative period but continues throughout the entire
three-month follow-up. Second, the reduction in standard
deviation indicates a more homogeneous patient response,
which may be associated with the more physiological na-
ture of the intervention. Third, the achievement of ejection
fraction values above 55% in the majority of patients sug-
gests effective recovery of systolic function.

The obtained results are consistent with current clin-
ical guidelines. According to A. Vahanian et al. [1], mitral
valve repair is associated with better preservation of left
ventricular function compared with valve replacement.
This is explained by the fact that repair preserves the sub-
valvular apparatus, which plays a crucial role in maintain-
ing left ventricular geometry and function. In the mitral
valve replacement group, improvement was also observed;

however, it was less pronounced. The mean ejection frac-
tion increased from 47.1% to 50.3% at 1 month and to
52.6% at 3 months, corresponding to an overall increase of
+5.5% (Table 2).

The smaller magnitude of improvement after mitral
valve replacement may be attributable to the absence of na-
tive valvular structures, partial excision of the subvalvular
apparatus, alterations in left ventricular geometry, and in-
creased afterload associated with the presence of a prosthe-
sis. The presence of a prosthesis may influence ventricular
geometry and loading conditions, thereby contributing to
a slower regression of dilatation and a less rapid increase
in ejection fraction. According to M. Sudo et al. [17], the
extent of reverse remodelling after mitral valve replace-
ment may be constrained by the mechanical characteristics
of prosthetic valves. A similar trend was observed in this
study, in which recovery of LVEF in the replacement group
occurred more slowly.

Table 2. Dynamics of LVEF after mitral valve replacement

Time period LVEF (M+SD), % Increase (%) p-value
Before surgery 47.1+£7.6 - -

At 1 month 50.3+7.3 +3.2 p<0.05

At 3 months 52.6x7.0 +5.5 p<0.05

Source: compiled by authors

Conversely, V. Osaulenko et al. [22] emphasised that
preservation of the subvalvular apparatus plays an important
role in maintaining the physiological interaction between
the valve and the myocardium. Present findings are consist-
ent with these data and suggest that early recovery of systolic

function largely depends on preservation of mitral-ven-
tricular continuity. Comparative analysis demonstrated that
mitral valve repair provides a statistically significantly fast-
er and more pronounced restoration of left ventricular sys-
tolic function compared with valve replacement (Table 3).

Table 3. Comparison of LVEF between mitral valve repair and replacement

Indicator Repair (M +SD) Replacement (M + SD) Difference A, % p-value
LVEF before surgery 49.5+7.2 47.1+7.6 +2.4 p=0.21
LVEF at 1 month 53.4+6.9 50.3+7.3 +3.1 p<0.05
LVEF at 3 months 57.2+6.5 52.6+7.0 +4.6 p<0.01
ALVEF (0-1 month) +3.9% +3.2% +0.7 p=0.34
ALVEF (0-3 months) +7.7% +5.5% +2.2 p<0.05

Source: compiled by authors
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As shown in Table 3, the preoperative difference be-
tween the groups was not statistically significant (p=0.21),
confirming their baseline comparability. However, as ear-
ly as 1 month after surgery, the difference becomes sig-
nificant (p <0.05), and by 3 months it is even more pro-
nounced (p <0.01). This indicates that mitral valve repair
provides faster and more effective functional recovery.
According to V. Osaulenko et al. [22], preservation of the
subvalvular apparatus plays a crucial role in maintaining
physiological ventricular mechanics and improving post-
operative outcomes. The findings of this study are fully
consistent with this statement.

An important factor influencing outcomes is the base-
line level of ejection fraction. In this study, patients with an
ejection fraction <50% demonstrated the greatest improve-
ment (up to 8-10%). This can be explained by their greater
potential for reverse remodelling. Patients with reduced
baseline myocardial function may demonstrate greater rel-
ative improvement after intervention because of a higher
potential for reverse remodelling [3]. At the same time, in
patients with preserved ejection fraction, the improvement
was less pronounced, which may indicate a limited func-
tional reserve. As noted by G. Benfari et al. [7], the sever-
ity and clinical impact of functional mitral regurgitation
strongly depend on the degree of left ventricular remod-
elling. This may explain why some patients demonstrate
slower recovery even after successful intervention.

In addition, recent studies emphasise the importance
of patient stratification. Recent studies suggest that more
detailed patient stratification according to baseline ven-
tricular function and remodelling severity may improve
prediction of response to treatment [8]. Although such clas-
sification was not applied in this study, the obtained results
support its potential relevance. Comorbidities also have a
significant impact on the recovery process. Arterial hyper-
tension, present in the majority of patients, contributes to
the persistence of increased afterload even after surgery. Is-
chemic heart disease limits recovery of contractility, while
atrial fibrillation negatively affects diastolic function. Pre-
vious studies of surgical correction of mitral regurgitation
suggest that adverse baseline ventricular remodelling may
limit the extent of postoperative functional recovery [11].

Another important aspect is the time factor. Early
changes in ejection fraction have significant prognostic
value. As stated by to S.R. Eapen et al. [18], early postop-
erative changes in ventricular function represent a critical
window for assessing procedural success and predicting
long-term outcomes. This highlights the need for regular
patient monitoring during the first months after surgery.
The physiological mechanisms underlying improvement in
ejection fraction include a complex interplay of processes:
elimination of volume overload, normalisation of left ven-
tricular geometry, reduction of wall stress, improvement of
myocardial contractility

However, it is important to note that part of the im-
provement may be related not only to myocardial recov-
ery but also to changes in loading conditions. Previous

reports suggest that postoperative changes in left ven-
tricular function reflect not only recovery of contractility
but also the unmasking of pre-existing myocardial dys-
function after elimination of regurgitant unloading [14].
This indicates that the recovery process is complex and
includes both functional and morphological adaptations.
Additionally, the rate and extent of remodelling may de-
pend on patient age, disease duration, and timing of sur-
gical intervention. Early surgery is associated with better
outcomes, as it helps prevent the development of irrevers-
ible myocardial changes.

In summary, the findings suggest that the dynamics of
ejection fraction in the early postoperative period repre-
sent a reliable and sensitive marker of the effectiveness of
surgical treatment for mitral regurgitation. Mitral valve re-
pair demonstrates clear advantages over valve replacement,
as evidenced by faster and more pronounced recovery of
left ventricular systolic function. Overall, the results of the
study allow the following key conclusions to be formulat-
ed: early improvement in ejection fraction is an important
indicator of procedural success; the type of surgical inter-
vention determines the rate and pattern of recovery; base-
line myocardial status influences the potential for reverse
remodelling; and comorbidities may significantly modify
treatment outcomes.

Conclusions

The present study demonstrated that surgical correction
of mitral regurgitation is associated with a significant im-
provement in left ventricular systolic function in the early
postoperative period. The analysis revealed a statistically
significant increase in ejection fraction as early as 1 month
after intervention, with further improvement by 3 months
of follow-up. This favourable trajectory was accompanied
by signs of early reverse myocardial remodelling, reflecting
left ventricular adaptation to the reduction of chronic vol-
ume overload. In the overall cohort, mean LVEF increased
from 48.2% preoperatively to 51.7% at 1 month and to
54.9% at 3 months. In subgroup analysis, LVEF after mi-
tral valve repair increased from 49.5+7.2% to 57.2+6.5%
(+7.7%), whereas after mitral valve replacement it increased
from 47.1 £7.6% to 52.6+7.0% (+5.5%).

Comparative analysis showed that recovery of pump
function was faster and of greater magnitude in patients
undergoing mitral valve repair than in those undergoing
valve replacement. A larger increase in ejection fraction
was observed in the repair group both at 1 month and at
3 months. These findings suggest that preservation of mi-
tral-ventricular continuity may play an important role in
maintaining physiological ventricular mechanics and fa-
cilitating more effective restoration of contractile function.

It was also found that comorbid conditions - particu-
larly arterial hypertension, atrial fibrillation, and ischemic
heart disease — frequently accompany severe mitral regur-
gitation and may influence the rate of postoperative func-
tional recovery. At the same time, standardised periop-
erative management, including guideline-directed heart
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failure therapy and anticoagulation when indicated, con- ~Acknowledgements
tributed to early postoperative clinical stability and enabled ~ None.

an objective assessment of changes in systolic function.
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AHoTAL,A. MirpanbHa HEIOCTATHICTH € OJHIEH i3 HANMOWMPEHINNX yparkeHb KIAMAHHOTO amapary cepls Ta
IPU3BOANTD 0 XPOHIYHOTO IepeBaHTAXXEHHA 00’'€MOM, [UIaTalil Ta peMoJeNoBaHHA TiBOTO HUTyHOUKa. ITompu
e eKTUBHICTb CY4aCHUX XipYPriYHMX METOAVUK KOpPeKLii MiTpanbHOI perypritauii, IMTaHHA PaHHbBOTO BiJHOBIEHHSA
CHUCTOMIYHOI QYHKLII Ta TeMIIiB 3BOPOTHOIO PEMOJENIOBAHHS 3aMNIIAIOTHCA KIIHIYHO 3HAYYIMMU. MeToIo 1{boro
ToCifKeHHs 6Y/I0 OLiHNTY paHHI HmicsonepaliiiHi sMiHK cucToniuyHoI GyHKIiI 1iBOTO ITYyHOYKA Ta IPOaHaNi3yBaTu
IMHAMiKy QpakIiii BUKUAY AK MapKepa eeKTUBHOCTI Xipypriqnoi Kopek1ii MiTpanbHOI perypritanii. ¥ gocmimpkenHi
B3sIM y4yacTb 40 manieHtiB i3 MirpampHolo HemocTartHicTio III-IV crymeHs, saxum Oyn0 BMKOHAHO IIACTUYHY
PEKOHCTPYKIIiIo MiTpanbHOro KnanaHa (45 %) abo mpotesysanHs (55 %). Exokappiorpadito nposoguay Tpudi — o
omepalii, yepes 1 micanb Ta dyepes 3 micAli micnA Xipypriunoro BTpydanHsa. Ppakijio BUKKUY BU3HAYAIU METOLOM
pBortomyuuoro CimrmcoHa BifmosigHo no pexomenpaninn ASE/EACVI. Cratuctuyny o6po6xy 0yno BUKOHAHO
i3 BukopucraHHAM BOymOBaHMX iHCTpyMeHTiB Microsoft Excel i3 pospaxyHkoM cepenHix 3HaueHb, CTAaHZAPTHOTO
BiIXM/IEHHA Ta BificOTKOBOI 3MiHM HmoKasHUKiB. [fo omepamnii cepennsa ¢paxiisa BuKugy craHosuna 48,2 %. Yepes
1 micaub BoHa 3pocna o 51,7 %, a yepes 3 micaui — go 54,9 %, mwo cBifYMIO PO paHHi IpoLiecH 3BOPOTHOIO
peMopenoBaHHA. Haiibinbl BupaskeHe IIOKpallleHHs Bil3HaYeHO Y NallieHTiB i3 BUXigHOI ¢paKilielo BUKUY MEHIIe
50 % (mpupict 8-10 %). [Tic/a mmacTukm MiTpanbHOTO K/IallaHa AMHaMiKa 6y/Ia Kpalolo MOPiBHAHO 3 IPOTE3yBaHHAM
(7-9 % mpotn 5-6 %). 75 % manieHTiB MPOAEMOHCTPYBaIM MO3UTUBHY AVHAMIKY BXKe depes MicCAIb MicA omeparii.
XipypriuHa KOpekiiisi MiTpaJbHOI HEZOCTATHOCTI 3abe3ledye CYTTEBe paHHE IOKpallleHHs CUCTOMIYHOI (yHKUii
niBoro mTyHouka. ImHamika ¢pakuil Bukupy y mepuii 1-3 Micsii € BaXJIMBUM IPOTHOCTUYHMM IHCTPYMEHTOM,
IO JO3BOJIAE OILiHUTY e(PEeKTUBHICTh BTPYYaHH:, TeMIIN 3BOPOTHOTO PEMOJIE/NIOBAHHA Ta ONTUMI3yBaTy MOJaIbIIe
NiKyBaHHA IIallieHTiB

KAl04OBi CAOBQ: 3BOpOTHE peMopenioBaHHs; exoKappiorpadiss; cuctoniyia GyHKIis; aHYIOIIACTIKA; IPOTe3yBAHHS
KJIaIIaHiB; Iic/IA0NepaliijiHe BilHOBNIEHHS; CKOPOT/IMBICTh MiOKap/a
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Abstract. Intrathecal adjuvants such as fentanyl and clonidine may enhance the quality and duration of spinal
anaesthesia and postoperative analgesia with bupivacaine, but their comparative efficacy and side-effect profiles remain
important. The present study aimed to compare the effects of intrathecal fentanyl and clonidine as adjuvants to 0.5%
bupivacaine on block characteristics, postoperative analgesia, haemodynamic, sedation, and adverse effects in patients
undergoing lower abdominal surgery. This randomised double-blind comparative study was conducted in the Department
of Anaesthesiology, Balrampur Hospital, Lucknow, among 96 patients aged 18-60 years, ASA physical status I-1I, scheduled
for lower abdominal surgeries. Patients were randomly allocated into three groups (n =32 each): Group B received 2.5 mL
of 0.5% bupivacaine with 0.5 mL normal saline, Group F received 2.5 mL of 0.5% bupivacaine with fentanyl 25 ug, and
Group C received 2.5 mL of 0.5% bupivacaine with clonidine 30 ug. Outcomes included block onset and duration, rescue
analgesia time, VAS score, haemodynamic, sedation, and adverse events. Baseline characteristics were comparable among
groups. Group C showed the fastest onset of sensory block (1.45 +0.30 min) and the longest duration of sensory block
(150.23 +£28.47 min), followed by Group F and Group B (p <0.0001). A similar pattern was observed for motor block onset
and duration (p <0.0001). Time to first rescue analgesia was significantly prolonged in Group C (6.00 £ 1.50 h) compared
with Group F (4.50 +1.22 h) and Group B (2.80+0.76 h) (p <0.0001). Postoperative VAS scores were significantly lower
in Group C. Haemodynamic variables remained largely comparable. Sedation was higher with clonidine, with marked
sedation observed only in Group C. Intrathecal clonidine 30 ug with bupivacaine provided better block characteristics and
longer postoperative analgesia than fentanyl 25 ug or bupivacaine alone, but with higher sedation

Keywords: spinal anaesthesia; postoperative analgesia; lower abdominal surgery; haemodynamic; sedation

Introduction

Spinal anaesthesia is widely used for lower abdominal sur-
gery because it is simple, effective, economical, and pro-
vides reliable sensory and motor blockade with early post-
operative recovery. However, intrathecal bupivacaine alone
has a limited duration of action, which may not provide
adequate postoperative analgesia in all patients. To over-
come this limitation, several intrathecal adjuvants have
been studied to prolong block duration, improve analgesia,
and reduce postoperative analgesic requirements. Among
these, fentanyl and clonidine are commonly used because
they act through different mechanisms and have distinct
efficacy and adverse-effect profiles [1].

Suggest Citation:

N.M. Fonseca et al. [1] evaluated the addition of fen-
tanyl and sufentanil to spinal local anaesthetics in a sys-
tematic review and meta-analysis and found that these
opioids reduced postoperative pain and opioid consump-
tion and prolonged analgesia, although pruritus increased
significantly. Their work confirmed the analgesic efficacy
of intrathecal fentanyl but also highlighted opioid-related
adverse effects as a relevant limitation. R. Jouybar et al. [2]
studied the effect of intrathecal fentanyl in patients under-
going caesarean section and reported improved quality of
spinal anaesthesia and better postoperative pain relief when
fentanyl was added to bupivacaine. Although their findings
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support fentanyl as an effective intrathecal adjuvant, the
study was limited to obstetric patients and therefore cannot
be directly generalised to lower abdominal surgeries in the
general adult population.

J. Bhatia & C. Suryawanshi [3] compared intrathecal
bupivacaine-fentanyl with bupivacaine-midazolam in low-
er abdominal and lower limb surgeries and showed that
fentanyl improved intraoperative conditions and prolonged
analgesia. However, their study compared fentanyl with an-
other adjuvant rather than with clonidine, which remains
an important alternative non-opioid intrathecal additive.
M.M. Manoharan et al. [4] compared intrathecal dexme-
detomidine and clonidine as adjuvants to spinal anaesthe-
sia and observed that a2-adrenergic agonists significantly
prolonged sensory and motor block as well as postopera-
tive analgesia. Their findings emphasised the usefulness of
clonidine-like drugs in neuraxial anaesthesia, but the study
did not address whether clonidine is superior or inferior to
fentanyl in routine lower abdominal surgery.

S. Dattatri et al. [5] assessed different doses of intrath-
ecal clonidine with bupivacaine and found that low-dose
clonidine effectively prolonged sensory and motor block
while maintaining acceptable haemodynamic stability.
This study supported the role of clonidine as an effective
spinal adjuvant, but it did not compare clonidine directly
with fentanyl, which is commonly used in clinical practice.
E.E. Shchegolkov & O.A. Loskutov [6] analysed the prin-
ciples of pain management and the role of neuraxial and
regional anaesthesia in surgical patients and emphasised
that regional techniques are valuable for improving peri-
operative outcomes and reducing complications. Although
this review was not limited to intrathecal fentanyl or clo-
nidine, it supports the continuing relevance of optimising
neuraxial analgesic strategies. In another Ukrainian study,
T. Ovsiienko et al. [7] evaluated low-opioid multimodal an-
aesthesia and demonstrated that opioid-sparing approach-
es can provide adequate antinociceptive protection with
improved perioperative pain control. Their work is impor-
tant because it underlines the need for alternatives that re-
duce opioid exposure while preserving effective analgesia.

Thus, existing evidence suggests that intrathecal fen-
tanyl improves spinal block quality and postoperative an-
algesia, whereas clonidine and other a2-agonists may pro-
long block duration and analgesia, though often with more
sedation. L.H. Sun et al. [8] demonstrated the efficacy of
intrathecal fentanyl with bupivacaine in caesarean delivery,
but their results were limited to obstetric patients. A. Nay-
ak et al. [9] also supported the analgesic value of fentanyl
in abdominal hysterectomy, although clonidine was not
included in the comparison. A. Sabertanha et al. [10] and
Y. Gu et al. [11] reported beneficial effects of intrathecal
fentanyl in orthopaedic populations, but these findings
cannot be directly extrapolated to lower abdominal sur-
gery. R.B. Joseph et al. [12] compared clonidine, fentanyl,
and buprenorphine in lower abdominal and lower limb
procedures, yet the mixed surgical sample limited proce-
dure-specific conclusions. Therefore, a direct comparison

of fentanyl and clonidine with 0.5% bupivacaine in adult
patients undergoing lower abdominal surgery remains
necessary. Therefore, the present study was undertaken to
compare intrathecal fentanyl and clonidine as adjuvants
to 0.5% bupivacaine in lower abdominal surgery and to
determine which drug provides a better balance between
effective block characteristics, prolonged postoperative an-
algesia, haemodynamic stability, and tolerable side effects.

Materials and Methods

This prospective randomised double-blind comparative
study was conducted in the Department of Anaesthe-
siology, Balrampur Hospital, Golaganj, Lucknow, Uttar
Pradesh, India. The study was carried out over a period
of 18 months (January 2023 - June 2024). The study pro-
tocol was approved by the Institutional Ethics Committee
of Balrampur Hospital (Approval No.: 10/IEC-DHR/2023)
prior to patient enrolment. Written informed consent was
obtained from all participants. The study was conducted
in accordance with the ethical principles outlined in the
Declaration of Helsinki [13] and complied with interna-
tional guidelines on ethics and data protection issued by
the European Commission [14].

A total of 96 adult patients scheduled for elective low-
er abdominal surgeries under spinal anaesthesia were in-
cluded in the study. Patients were aged between 18 and 60
years and belonged to American Society of Anesthesiolo-
gists (ASA) [15] physical status I or II. The sample size con-
sisted of 32 patients in each group, which was considered
adequate to allow meaningful comparison of block char-
acteristics and analgesic duration between the three treat-
ment groups based on previous similar studies evaluating
intrathecal adjuvants. Patients were randomly allocated
into three groups using computer-generated randomisa-
tion. Allocation concealment was achieved using sealed
opaque envelopes. Both the patient and the anaesthesiol-
ogist assessing outcomes were blinded to the study drug,
while drug preparation was performed by an independent
anaesthesiologist not involved in data collection. Patients
of either sex, aged 18-60 years, weighing 50-80 kg, and
classified as ASA grade I-II undergoing elective lower ab-
dominal surgeries were included in the study. Patients were
excluded if they refused consent, had ASA grade III-1V,
pregnancy or lactation, hypersensitivity to local anaesthetic
drugs or study medications, chronic opioid use, neurologi-
cal disorders, infection at the puncture site, coagulation ab-
normalities, or were receiving long-term analgesic therapy.

Standard monitoring including electrocardiography
(ECG), non-invasive blood pressure (NIBP), pulse rate,
and oxygen saturation (SpO,) was applied before the pro-
cedure. Patients were preloaded with 10-15 mL/kg of Ring-
er’s lactate solution. Spinal anaesthesia was administered
in the sitting position at the L3-L4 or L4-L5 intervertebral
space using a 25-gauge Quincke spinal needle under strict
aseptic precautions. After confirmation of free flow of cer-
ebrospinal fluid, the study drug was injected intrathecally.
Patients were divided into three groups:
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® Group B (Control group): 2.5 mL of 0.5% hyperbar-
ic bupivacaine + 0.5 mL normal saline;

® Group F: 2.5 mL of 0.5% hyperbaric bupivacaine +
fentanyl 25 pg;

® Group C: 2.5 mL of 0.5% hyperbaric bupivacaine +
clonidine 30 pg.

The doses of fentanyl (25 pg) and clonidine (30 ug)
were selected based on previous clinical studies [16,17]
demonstrating effective prolongation of spinal anaesthesia
with minimal haemodynamic instability and acceptable
side-effect profiles. Sensory block onset was defined as the
time from intrathecal drug injection to loss of pinprick
sensation at the T10 dermatome level, assessed using a
sterile needle. Duration of sensory block was defined as
the time from drug administration to regression of senso-
ry level to S1 dermatome. Motor block was evaluated us-
ing the Modified Bromage Scale: 0 =full movement of hip,
knee and ankle; 1 = inability to raise extended leg; 2 = in-
ability to flex knee; 3 = inability to flex ankle. Motor block
onset was defined as the time to achieve Bromage grade 3,
while duration was defined as the time until regression to
Bromage grade 0.

Pain intensity was assessed using the Visual Analogue
Scale (VAS). The time to first rescue analgesia was recorded
when VAS > 4. Sedation was evaluated using the Ramsay

Sedation Scale. Haemodynamic parameters and adverse ef-
fects such as hypotension, bradycardia, nausea, vomiting,
and respiratory depression were monitored. Data were an-
alysed using SPSS version 26.0. Continuous variables were
expressed as mean * standard deviation (SD) and com-
pared using one-way ANOVA, while categorical variables
were analysed using the Chi-square test. A p-value <0.05
was considered statistically significant.

Results

A total of 96 patients were enrolled and completed the study,
with 32 patients in each of the three groups. No patient was
excluded after randomisation, and all participants were
included in the final analysis. The results are presented in
tabular and graphical form to improve clarity and to facili-
tate comparison among the groups. The three groups were
comparable with respect to age, sex distribution, body mass
index (BMI), ASA physical status, and type of surgical pro-
cedure. The mean age was 46.12 £ 10.98 years in Group B,
45.23 + 11.56 years in Group F and 44.78 + 12.34 years
in Group C, with no statistically significant difference
(F=0.1098, p =0.8961). Similarly, age-group distribution
was comparable across the groups (x*>=2.229, p=0.9732).
The baseline demographic and clinical characteristics of
the patients are summarised in Table 1.

Table 1. Clinico-demographics parameters

Parameter Group-B (n=32) Group-F (n=32) Group-C (n=32)
(‘Kf:ailyi“srg) 46.12+10.98 4523+11.56 4478 +12.34 1;)::%.18%96%
Age group (years)

18-30 5 7 6
31-40 11 6 8 X=2.229,
41-50 9 10 8 p=0.9732

51-60 5 8 6

61-70 2 1 3

Gender

Male 18 16 15 X=0.2510,
Female 14 16 17 p=0.8821
}(Sl\l\/gagi/;n])z)) 26.89+3.91 27.34+£4.27 28.15+£4.05 I;::%Zf;é%
X=0.6563,
ASA Grade p=0.7203

I 21 23 20

II 11 9 12

Note: values are presented as mean = standard deviation (SD) or number of patients (n), as appropriate. Group comparisons
for continuous variables were performed using one-way ANOVA, and categorical variables were analysed using the
Chi-square test. A p-value <0.05 was considered statistically significant

Source: developed by author

Sex distribution was also balanced: Group B had
18 males and 14 females, Group F had 16 males and
16 females, and Group C had 17 males and 15 females
(x* = 0.2510, p = 0.8821). Mean BMI values showed
no significant difference among the groups (Group B:
26.89 +£3.91 kg/m?* Group F: 27.34 £4.27 kg/m*; Group C:
28.15+ 4.05 kg/m* F=0.7840, p = 0.4596). ASA grade distri-
bution was likewise similar, with no statistically significant

variation (x*>=0.6563, p=0.7203). The distribution of sur-
gical procedures was also comparable. Appendectomy, in-
guinal hernia repair, and hydrocele surgery were similarly
represented in all three groups (x*=1.214, p=0.8757). This
baseline comparability is important because it indicates
that the observed differences in analgesia, block charac-
teristics, and sedation are likely related to the intrathecal
adjuvants rather than to differences in patient profile or

International Journal of Medicine and Medical Research, 2026, Vol. 12, No. 1 65



Efficacy and safety...

surgical type. The haemodynamic variables recorded dur-

blood pressure, diastolic blood pressure, and oxygen satu-
ing the intraoperative period included pulse rate, systolic

ration. These findings are shown in Figures 1-4.
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Figure 1. Graphical representations of Mean Pulse (min)
Source: developed by author
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Figure 2. Graphical representations of Mean Systolic Blood Pressure (SBP)
Source: developed by author
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Figure 3. Graphical representation of Mean Diastolic Blood Pressure (DBP)
Source: developed by author
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Baseline pulse rates were similar in all groups:
70.15 £+ 5.42 beats/min in Group B, 72.08 + 6.34 beats/
min in Group F, and 71.24 £ 5.78 beats/min in Group C
(F =0.8730, p=0.4211). No significant intergroup differ-
ences were observed from 1 minute to 40 minutes after
spinal anaesthesia. However, at 50 minutes and 60 minutes,
Group B showed a slightly lower pulse rate compared with
Groups F and C. At 50 minutes, pulse rates were 65.34 +
4.95, 67.45 £5.90, and 68.89 + 5.32 beats/min, respective-
ly (F = 3.493, p = 0.0345). At 60 minutes, the correspond-
ing values were 64.89 +4.91, 66.95 £ 5.85, and 68.45 + 5.28
beats/min (F=3.557, p=0.0325). Although these differenc-
es were statistically significant, their actual magnitude was
small and did not indicate clinically important haemody-
namic instability. Thus, while pulse rate varied slightly at
later time points, none of the study regimens caused a ma-
jor adverse cardiovascular effect.

Systolic blood pressure remained stable through-
out the observation period. Baseline values were
128.45+10.23 mmHg in Group B, 130.78 +11.98 mmHg in
Group E and 132.65 + 12.34 mmHg in Group C, with no
significant difference among groups. Similar findings were
noted at all subsequent time intervals. Diastolic blood pres-
sure also showed no significant variation. Baseline values
were 84.34 + 6.78 mmHg in Group B, 85.29 £ 7.45 mmHg
in Group E and 86.12+8.03 mmHg in Group C (F=0.4589,
p =0.6334), and no statistically significant differences were
seen during follow-up. Oxygen saturation remained high-
ly stable and comparable across all groups at all measured
intervals. Baseline SpO, values were 98.15 + 0.98% in
Group B, 98.09 £ 1.02% in Group F, and 98.12 £ 0.95% in
Group C (F=0.02976, p=0.9707). No episodes of clinically

significant desaturation were observed. These results sug-
gest that the addition of fentanyl or clonidine to intrathecal
bupivacaine did not adversely affect haemodynamic or res-
piratory stability.

Clear and consistent differences were observed among
the groups at all postoperative time points. At 0.5 hours,
mean VAS scores were 2.05+0.22 in Group B, 2.00 +0.20
in Group E and 1.03 = 0.18 in Group C (F = 262.8,
p <0.0001). At 1 hour, the pattern remained similar, with
values of 2.04 +0.21, 2.00 £ 0.20, and 1.02 + 0.17, respec-
tively (F=283.5, p<0.0001). By 3 hours, the difference be-
came more pronounced: Group B had a mean VAS score of
3.02+£0.25, Group F 2.01 £0.21, and Group C 1.04£0.16
(F=711.8, p<0.0001).

At 6 hours, Group B continued to show the highest
pain score (3.14 +0.24), followed by Group F (2.04 +0.20),
while Group C maintained the lowest value (1.01 + 0.16)
(F=884.1,p<0.0001). At 12 hours, Group C still had a lower
mean pain score (2.02£0.18) than Groups B and E, both of
which were around 3.0 (F=232.2, p<0.0001). At 24 hours,
the same trend persisted, with values of 2.07 + 0.20 in
Group B, 2.01£0.21 in Group E and 1.00£0.16 in Group C
(F=316.3, p<0.0001).

These findings demonstrate that clonidine provided
the most effective postoperative analgesia among the three
regimens. Fentanyl also improved pain control compared
with bupivacaine alone, but its effect was less pronounced
than that of clonidine. Clinically, the lower VAS scores in
Group C indicate better patient comfort and a more sus-
tained analgesic benefit during the postoperative period.
Postoperative pain intensity was assessed by the VAS and
is presented in Table 2.

Table 2. Mean VAS Score

VAS score (time interval)

Group-B (n=32)

Group-F (n=32)

Group-C (n=32)

Baseline 0.00+0.00 0.00+0.00 0.00+0.00 —
0.5 hrs 2.05+0.22 2.00+0.20 1.03+0.18 F=316.3, p<0.0001*
1hr 2.04+0.21 2.00+0.20 1.02+0.17 F=262.8,p<0.0001*
3 hrs 3.02+0.25 2.01+0.21 1.04+0.16 F=283.5,p<0.0001*
6 hrs 3.14+0.24 2.04+0.20 1.01+0.16 F=711.8,p<0.0001*
12 hrs 3.01+0.23 3.00£0.22 2.02%0.18 F=884.1,p<0.0001*
24 hrs 2.07+0.20 2.01+£0.21 1.00+0.16 F=232.2,p<0.0001*

Note: values are expressed as mean + SD. Group comparisons were performed using one-way ANOVA. p < 0.05 was

considered statistically significant
Source: developed by author

Baseline sedation scores were identical in all groups
(1.00£0.00), indicating that all patients were fully awake
and comparable before anaesthesia. In the early postop-
erative period, Group C consistently exhibited higher
sedation scores than Groups B and E At 0.5 hours, the
mean sedation score was approximately 2.02 in Group B,
2.06 in Group F, and 3.08 in Group C. At 1 hour, the
values were 2.00, 2.06, and 3.04, respectively. A similar
pattern was seen at 3 hours and 6 hours, with Group C
remaining around a score of 3 while the other two groups
remained close to 2.

By 12 and 24 hours, Groups B and F had returned to
baseline sedation levels, while Group C remained slight-
ly above baseline. This indicates that clonidine was asso-
ciated with greater postoperative sedation than fentanyl
or bupivacaine alone. However, the sedation observed in
Group C was not accompanied by respiratory depression
or oxygen desaturation, suggesting that although cloni-
dine caused more sedation, it remained clinically man-
ageable under routine monitoring. Sedation was evaluat-
ed using the Ramsay Sedation Scale, and the findings are
depicted in Figure 5.
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Figure 5. Graphical representation of mean Ramsay sedation scores

Source: developed by author

Sensory and motor block characteristics

Significant differences were observed among the groups
in terms of onset and duration of both sensory and motor
block. The onset of sensory block was fastest in Group C
(1.45 £ 0.30 min), followed by Group F (1.52 +0.28 min),
and slowest in Group B (2.01 + 0.35 min), with a highly
significant difference (F=30.72, p <0.0001). This suggests
that both adjuvants accelerated the onset of sensory block
compared with bupivacaine alone, with clonidine show-
ing the greatest effect. The duration of sensory block was
longest in Group C (150.23 + 28.47 min), intermediate in
Group F (119.78 + 19.65 min), and shortest in Group B
(90.15+14.72 min) (F=61.30, p <0.0001). Thus, clonidine
prolonged sensory blockade by about one hour compared
with bupivacaine alone and by about 30 minutes compared
with fentanyl. This is clinically meaningful because longer
sensory block generally translates into improved early post-
operative pain relief.

A similar trend was observed for motor block. The on-
set of motor block was fastest in Group C (2.84+0.81 min),
followed by Group F (3.08 + 0.78 min), and slowest in
Group B (4.12 £ 0.95 min) (F =20.51, p <0.0001). The
duration of motor block was also significantly prolonged
in Group C (110.47 + 18.76 min), followed by Group F
(100.32 + 15.45 min), while Group B had the shortest

duration (74.95+10.23 min) (F=46.22, p<0.0001). From
a practical point of view, faster onset of block may im-
prove operating room efficiency, while prolonged sensory
blockade can reduce the need for immediate postopera-
tive analgesics. Although longer motor block may poten-
tially delay ambulation, the extension seen with clonidine
was moderate and accompanied by a clear analgesic bene-
fit. The main efficacy outcomes related to spinal block are
presented in Table 3.

There was a highly significant difference among the
groups (F=57.02, p <0.0001). Group B required rescue
analgesia after 2.80 £ 0.76 hours, Group F after 4.50 + 1.22
hours, and Group C after 6.00+ 1.50 hours. The time to first
rescue analgesia is one of the most clinically relevant out-
comes. This finding clearly demonstrates that both fenta-
nyl and clonidine prolonged the duration of postoperative
analgesia compared with bupivacaine alone, but clonidine
produced the longest analgesic effect. Compared with the
control group, fentanyl extended analgesia by approximate-
ly 1.7 hours, whereas clonidine extended it by approximate-
ly 3.2 hours. Compared with fentanyl, clonidine provided
an additional 1.5 hours of postoperative pain relief. Clin-
ically, this reduction in early rescue analgesic requirement
may improve patient comfort and reduce the need for addi-
tional systemic analgesics.

Table 3. Mean block parameters, min

Block parameters

Group-B (n=32)

Group-F (n=32)

Group-C (n=32)

F=46.22,
f lock 2.01+£0.35 1.52+0.28 1.45+0.30
Onset of sensory bloc 0 p<0.0001*
Duration of sensory F=30.72,
.15+£14.72 119.78 £19.65 150.23 £28.47
block 9015 p<0.0001*
F=61.30,
Onset of motor block 4.12+0.95 3.08+£0.78 2.84+0.81
p<0.0001*
. F=20.51,
Duration of motor block 74.95+10.23 100.32+15.45 110.47+18.76
p<0.0001*

Note: values are expressed as mean + SD. Group comparisons were performed using one-way ANOVA. *p < 0.05 was

considered statistically significant
Source: developed by author
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Opverall, the frequency of complications was low and
comparable among groups. Excessive sedation was observed
only in Group C, where it occurred in 25% of patients. Hypo-
tension was recorded in 6.25% of Group B, 15.6% of Group F,
and 3.12% of Group C, but this difference was not statisti-
cally significant. Other complications, including bradycar-
dia, nausea, vomiting, pruritus, urinary retention, post-du-
ral puncture headache, and respiratory depression, did not
differ significantly among groups. Notably, no patient de-
veloped clinically significant respiratory depression, which
supports the safety of both adjuvants at the doses used.

Taken together, the results show a clear pattern. Bu-
pivacaine alone provided the least favourable profile, with
slower block onset, shorter block duration, earlier need

for rescue analgesia, and higher postoperative pain scores.
The addition of fentanyl improved these outcomes, but the
combination of clonidine with bupivacaine produced the
best overall results.

Intrathecal clonidine was associated with the fast-
est onset of sensory and motor block, the longest sensory
and motor block duration, the longest time to first rescue
analgesia, and the lowest postoperative VAS scores at all
measured intervals. These results indicate superior analge-
sic efficacy and better prolongation of spinal anaesthesia.
The main drawback of clonidine was increased sedation,
but this did not result in respiratory compromise or major
haemodynamic instability. The adverse effects observed in
the three groups are presented in Figure 6.
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Figure 6. Graphical representation of complications

Source: developed by author

From a clinical perspective, these findings suggest that
clonidine at a dose of 30 pug is a useful intrathecal adjuvant
to 0.5% bupivacaine in lower abdominal surgery when
prolonged analgesia is desired. Fentanyl also provides ben-
efit over bupivacaine alone, but its effect appears less pro-
nounced than that of clonidine. Overall, the present results
support the use of low-dose clonidine as an effective and
relatively safe option for improving spinal anaesthesia and
postoperative pain control.

Discussion

Clonidine, as an a2-agonist, suppresses the transmission of
ASd and C fibres, hence prolonging the effects of local anaes-
thetics. When administered intrathecally, it induces analge-
sia by activating postsynaptic a2-receptors in the substantia
gelatinosa of the spinal cord [18]. To mitigate the adverse
effects of fentanyl, the combination of intrathecal clonidine
and bupivacaine has been investigated for its potential to
provide prolonged analgesia. Unlike intrathecal fentanyl,
intrathecal clonidine used as an adjunct to bupivacaine in
present study yielded prolonged analgesia. M.B. Khezri et

al. [19] demonstrated as early as 2014 that intrathecal clo-
nidine added to bupivacaine provided longer postopera-
tive analgesia than fentanyl. Likewise, B.S. Bajwa et al. [16]
reported superior analgesic prolongation with clonidine,
though at the cost of higher sedation. The present findings
corroborate these previously published results, confirming
that clonidine offers greater prolongation of postoperative
analgesia than fentanyl when used as an intrathecal adju-
vant to bupivacaine.

Present study data indicate that the mean ages were sim-
ilar among groups: Group-B (46.12 +10.98 years), Group-F
(45.23 £ 11.56 years), and Group-C (44.78 + 12.34 years)
(F=0.1098, p=0.8961). The age distribution exhibited no
significant difference (X =2.229, p =0.9732). The gender
distribution exhibited parallels, with male-to-female ra-
tios of 18:14 in Group-B, 16:16 in Group-E and 17:15 in
Group-C (X =0.2510, p =0.8821). The BMI values exhib-
ited no significant differences across the groups (Group-B:
26.89 +3.91, Group-F: 27.34 £4.27, Group-C: 28.15 £ 4.05;
F =0.7840, p = 0.4596). The consistent demographic and
health indicators underscore the robustness and reliability
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of present study’s participant profiles. The ASA grade distri-
bution was consistent among all groups, primarily compris-
ing ASA grade I (X=0.6563, p=0.7203). Appendectomies
were conducted on 15 patients in Group B, 13 in Group E
and 14 in Group C. Inguinal hernia repair surgery was per-
formed on 12 patients in Group B, 16 in Group F, and 14 in
Group C. Hydrocele surgery was conducted on 5 patients
in Group B, 3 in Group F, and 4 in Group C. The varia-
tions in the distribution of surgical types among the groups
were not statistically significant (X = 1.214, p = 0.8757).
The data demonstrate uniformity in ASA grades and sur-
gical procedures among the study groups, hence ensuring
comparability in clinical characteristics. At baseline, pulse
rates were similar among Group-B (70.15 £ 5.42), Group-F
(72.08 £ 6.34), and Group-C (71.24 £ 5.78), indicating no
significant difference (F=0.8730, p=0.4211). The SBP ex-
hibited a progressive decline over time across all groups;
however, these variations did not attain statistical signifi-
cance among the groups. The DBP exhibited a small decline
across all groups with time; however, the variations among
the groups remained statistically insignificant at each in-
terval. At baseline, mean SpO2 values were comparable
among Group-B (98.15+0.98), Group-F (98.09+1.02), and
Group-C (98.12£0.95), indicating no significant difference
(F =0.02976, p = 0.9707). The consistent SpO2 readings
throughout groups suggest no significant differences in
oxygen saturation levels among the three groups over the
follow-up period. At baseline, all groups exhibited a VAS
score of 0.00 + 0.00, signifying the absence of first pain.
Notable disparities in pain assessments were seen at later
time intervals following treatment. The data demonstrate
that during the post-operative period, patients in Group-C
consistently reported much lower pain levels than those in
Group-B and Group-F. The combination of Bupivacaine
and Clonidine in Group-C seems to offer enhanced anal-
gesic efficacy, as indicated by the VAS values recorded at
all assessed time intervals. S. Kaushik [20] also observed
no significant changes in demographic factors, including
age, height, weight, sex ratio, and duration of operation,
between the two groups examined. No statistically signifi-
cant differences were observed in intra-operative haemod-
ynamic measures, including mean arterial pressure (MAP)
and heart rate (HR), during the procedure. Present study
investigation and that of B.S. Bajwa et al. [16] revealed
similar demographic profiles and haemodynamic param-
eters across study groups, demonstrating consistency and
baseline comparability. B.S. Bajwa et al. [16] found that
intrathecal clonidine, when combined with hyperbaric
bupivacaine, produced longer postoperative analgesia and
delayed the first request for rescue analgesia compared with
fentanyl. The present study confirms these findings, as the
clonidine group showed significantly lower postoperative
VAS scores and a longer time to first rescue analgesia than
the fentanyl group. This agreement may be attributed to the
a2-adrenergic action of clonidine, which prolongs spinal
analgesia by suppressing nociceptive transmission at the
spinal cord level. The higher sedation seen in the clonidine

group in both studies is also consistent with the known
pharmacological profile of the drug.

Present study examined the anaesthetic effectiveness of
three distinct combinations: Bupivacaine alone (Group-B),
Bupivacaine combined with Fentanyl (Group-F), and Bu-
pivacaine combined with Clonidine (Group-C). The re-
sults indicated substantial disparities in the onset and du-
ration of sensory and motor blockages across the groups.
Group-C demonstrated the longest duration until the ini-
tial analgesic demand (6.00 £ 1.50 hours), which was con-
siderably greater than that of Group-F (4.50 + 1.22 hours)
and Group-B (2.80+0.76 hours), F=57.02, p<0.0001. The
results demonstrate that Bupivacaine combined with Clo-
nidine (Group-C) generated a more rapid onset and ex-
tended duration of both sensory and motor blocks, leading
to a postponed requirement for rescue analgesia in com-
parison to Group-B and Group-E Consistent with present
research, A.R. Chhabra et al. [21] shown that 60 ug of clo-
nidine outperformed fentanyl, prolonging both the dura-
tion of the subarachnoid block and postoperative analge-
sia. V. Mahendru et al. [17] found that 30 pg intrathecal
clonidine and 25 pg fentanyl produced comparable sensory
and motor block characteristics, whereas the present study
demonstrated superior block prolongation with clonidine.
This difference may be related to variations in surgical
population, methodology, and criteria used for block as-
sessment, since V. Mahendru et al. [17] studied lower limb
surgery and included a different comparative framework.
Such variability suggests that the effect of intrathecal ad-
juvants may be context-dependent rather than unpredicta-
ble. Therefore, the present study remains relevant because it
provides procedure-specific evidence for lower abdominal
surgery and shows that clonidine may offer greater anal-
gesic benefit than fentanyl, albeit with more sedation. The
clonidine cohort exhibited analgesia for a significantly ex-
tended period (497.20 £ 139.78 min) in contrast to the fen-
tanyl cohort (416.87+105.67 min) (P <0.05).

The start, peak, and duration of sensory and motor
block are same in both groups; however, the analgesic du-
ration in the clonidine group significantly exceeds that of
the fentanyl group (P <0.05). In present study, the cloni-
dine cohort exhibited elevated sedation scores compared
to the fentanyl cohort (P <0.05). N. Kothari et al. [22]
found that the addition of 50 pg of clonidine to bupiv-
acaine induced drowsiness in 35-45% of subjects. The
preceding finding clearly indicates that clonidine sedation
is dose-dependent. In the research conducted by B.S. Baj-
wa et al. [16], the dosage of clonidine was limited to 50 ug
to mitigate adverse effects.

In present study investigation, all groups commenced
with a Ramsay Sedation Score of 1.00 £ 0.00 at baseline,
signifying the absence of sedation. At 12 and 24 hours,
sedation scores reverted to baseline for Group-B and
Group-F (1.00 £ 0.00), however Group-C exhibited some-
what higher values (2.05+0.00 and 2.04 £ 0.00, respective-
ly). The results demonstrate that patients administered Bu-
pivacaine with Clonidine (Group-C) exhibited markedly
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elevated sedation levels relative to those in Group-B and
Group-FE especially during the immediate postoperative
phase, with lingering effects noted for up to 24 hours fol-
lowing administration. Likewise, B.S. Bajwa et al. [16]
study indicates that the haemodynamic stability seen in
both groups of present study experiment corroborates the
principle that minimal dosages of intrathecal clonidine
or fentanyl are not associated with systemic side effects
such as bradycardia, hypotension, or sedation. Only one
patient required intravenous atropine administration due
to significant bradycardia. A. Bhattacharjee et al. [23] con-
cluded that the addition of 75 ug of clonidine and 25 ug of
fentanyl to bupivacaine prolonged perioperative analgesia
during caesarean operations. The principal finding of pres-
ent study investigation was the elevated incidence of ex-
cessive sedation in Group-C (25%), in contrast to the ab-
sence of reported cases in Group-B and Group-FE. Group-C
also showed a lower but non-significant incidence of
hypotension (3.12%) compared to Group-B (6.25%) and
Group-F (15.6%). No statistically significant differences
were observed among the groups for complications such as
bradycardia, pruritus, nausea, urinary retention, vomiting,
post-dural puncture headache, respiratory depression, and
specified minor issues. On the other hand, fentanyl pro-
longed postoperative analgesia more than clonidine did,
and clonidine caused more side symptoms, such as nausea,
vomiting, and hypotension studied by A. Bhattacharjee et
al. [23]. Similar to present findings, G. Singh et al. [24]
study in patients scheduled for transurethral resection of
the prostate found that intrathecal clonidine combined
with bupivacaine produces more satisfying anaesthesia
and analgesia and has less side effects than fentanyl.
Present study contributes to the growing body of re-
search on intrathecal anaesthesia by highlighting the varied
sedative effects and impact on hypotension associated with
different combinations of intrathecal analgesics. While the
present study observed a higher incidence of sedation in
Group-C and a potential benefit in mitigating hypoten-
sion compared to other groups, present study findings are
consistent with previous studies regarding the efficacy of
clonidine in extending postoperative analgesia. The present
study used fixed low doses of fentanyl (25 pg) and clonidine
(30 pug) as intrathecal adjuvants to 0.5% bupivacaine and
therefore does not support conclusions regarding individu-
alised dosing. No widely accepted national or international
protocol was identified that specifically recommends this
exact combination and dose for lower abdominal surgery.
Current formal guidance more commonly addresses in-
trathecal opioids in obstetric neuraxial anaesthesia rath-
er than clonidine-based non-obstetric spinal regimens.
Therefore, the significance of the present study lies in
providing procedure-specific comparative evidence rather
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than in refining an established protocol. Its novelty is the
direct comparison of bupivacaine alone, bupivacaine with
fentanyl, and bupivacaine with clonidine in lower abdom-
inal surgery, with simultaneous assessment of block char-
acteristics, postoperative analgesia, haemodynamic effects,
sedation, and adverse events. The findings indicate that clo-
nidine produced longer analgesia and lower postoperative
pain scores than fentanyl, although with greater sedation.

Conclusions

This study showed that both fentanyl and clonidine im-
proved the quality of spinal anaesthesia and postoperative
analgesia when added intrathecally to 0.5% bupivacaine for
lower abdominal surgery. However, clonidine 30 ug pro-
duced the most favourable analgesic profile. It was associ-
ated with a faster onset of sensory and motor block, longer
duration of both blocks, lower postoperative VAS scores,
and a significantly prolonged time to first rescue analgesia
compared with fentanyl 25 pg and bupivacaine alone. These
findings indicate that clonidine provides more sustained
postoperative pain relief and better overall block character-
istics in this surgical setting. From a practical perspective,
the results suggest that low-dose intrathecal clonidine may
be a useful adjuvant when prolonged analgesia is desired
after lower abdominal procedures. At the same time, the
greater sedation observed in the clonidine group should be
taken into account, particularly in patients in whom early
alertness is important. Thus, the choice of intrathecal adju-
vant should balance analgesic benefit against the potential
for increased sedation.

The study has some limitations. It was conducted at a
single centre with a relatively small sample size, and only
fixed doses of fentanyl and clonidine were evaluated. In
addition, longer postoperative follow-up and broader as-
sessment of patient-centred outcomes were not included.
These factors may limit the generalisability of the findings.
Overall, clonidine appears to be a more effective intrathecal
adjuvant than fentanyl for prolonging postoperative anal-
gesia in lower abdominal surgery, although with higher se-
dation. Further multicentric studies with larger samples are
needed to confirm these findings, evaluate different dose
regimens, and better define the balance between analgesic
efficacy and adverse effects.
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EdoekTUBHICTb T 6e3neKka iHTPATEKAAbBHOrO BBEAEHHS
KAOHIAUHY MOPIBHAHO 3 PEHTAHIAOM Y NOEAHCAHHI
3 OyniBaKAIHOM NMpU onepauiax y HUXHiM YaCTHUHI XXMBOTA

JIoxyxi ITan
KOHCYAbTAHT-aHeCTE3I0AOT

AIKQPHS <BAAPAMITYN

226018, Kancapbar, m. AakxHay, [Hais
https://orcid.org/0009-0004-3988-199X

AHoTaLif. [HTpaTeKabHi a/ BaHTH, Taki AK (PEHTAHIN i KIOHIMH, MOXXYTb MOKpAI[yBaTH AKICTh Ta TPUBAIICTD
crmiHa/jbHOI aHecTesii Ta micigomepamiiiHoi aHanresil 3 BMKOpUCTaHHAM OyliBakaiHy, IpoTe iX NOpiBHAJIbHA
eeKTUBHICTb Ta MPOodinb N06IYHNX eeKTiB 3aMNIIAIOThCA BAKIMBYMYU MUTAHHAMN. MeTOI0 JaHOTO LOC/Ii/KeHHA
Oy/l10 IOpIBHAHHSA BIUIMBY iHTpaTeKaJbHOro (peHTAaHITy Ta KIOHIAMHY AK aj’loBaHTiB no 0,5 % OymiBakaiHy Ha
XapaKTepUCTUKY OI0Kaay, micasonepaniiiHy aHa/resito, reMOAMHAMIKY, cefialliio Ta H06iuHi eheKTH y manieHTiB, AKUM
NPOBOAM/IN Ollepalii Ha HIDKHIN YacTuHi xuBoTa. lle panmoMizoBaHe IoJBiliHe C/lille NOPiBHANIbHE NOCIiIYKEHHS
Oy/10 IIpoBefeHo Y BixgineHHi aHecTesionoril nikapui banpamnyp, JlakxHay, ceper 96 nauieHTiB Bikom 18-60 pokis,
¢ismynmit craryc ASA I-11, axum Oyno npusHadeHo onepalii Ha HIDKHI yacTuHi kuBoTa. [TanienTiB 6yno BumagkoBo
posnopineHo Ha Tpu rpymu (n =32 y koxHii): Ipyna B orpumana 2,5 mn 0,5 % posuuny 6ymisakainy 3 0,5 M
¢isionoriunoro posunny, rpyna F orpumana 2,5 mi 0,5 % posunHy OyniBakainy 3 25 MKT ¢eHTaHiny, a rpyna C —
2,5 M1 0,5 % posunny 6yniBaKa’1’Hy 3 30 MKT K/IOHiMHy. Pe3ynbTaTy BK/II0Yany Yac HaCTaHHA Ta TPUBAICTh 610Kau,
yac 3aCTOCYBaHH:A JIOJATKOBOI aHajresil, OLiHKy 3a Imkajgolo VAS, reMopmMHaMiky, cepaniio Ta mo6iuni edekrn.
ba3osi xapakrepuctuku Oynmu nopiBHAHHMMM MK rpymamu. Ipyma C mokasana HaIIBUAMINIL II0YATOK CEHCOPHOI
6moxapu (1,45+ 0,30 xB) Ta ii HalioBLIy TpUBaticTh (150,23 +28,47 xB), 3a Heto Jiuumy rpyna F ra rpyna B (p <0,0001).
[Topi6Ha 3aKOHOMIpPHICTB cIIOCTepiranacs LIOfO HMOYATKy Ta TPUBANIOCTI MOoTOpHOI 6mokapu (p < 0,0001). Yac mo
IIepIIOro 3aCTOCYBAaHHA JOMATKOBOI aHanresii 6yB 3HauHO moBmuM y rpymi C (6,00 £ 1,50 rox) NOpiBHAHO 3 IPYIOIO
F (4,50 + 1,22 rox) Ta rpynoro B (2,80 + 0,76 ron) (p <0,0001). ITicnsaonepanirini nokasuukm 3a mkanow VAS Oymn
3HayHO HipK4ymMy y rpymi C. [eMopnHaMivHI MOKa3HMKY 3a/MINAMNCA B OCHOBHOMY HMOpiBHAHHMMM. CemaTHBHUII
edexT OYB CWIbHININM NPV 3aCTOCYBaHHI KJIOHIINMHY, IPMYOMY BUpaXKeHa ceflaliisa crocTepiranacs e y rpymi C.
InTparexanbHe BBefileHHA 30 MKI KIOHIAVHY pasoM 3 OymiBakalHOM 3abe3IedrIo Kpalli XapaKTepUCTUKY O6I0Kaxu
Ta TPUBAJIILIY Hic/A0NepaliiiHy aHanresito, Hix 25 MKT (eHTaHiTy a0 OyniBakaiH OKpeMo, ajle 3 BUIUM piBHeM cefarii

KAlo4OBi CAOBQ: cmiHanbHa aHecTesis; mmicisomepaniiiHa aHamresis; Xipypris HIDKHBOI YaCTMHM >KUBOTA;
reMoOfIMHaMiKa; cefalris
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Abstract. Obstructive bronchitis remains a frequent cause of acute respiratory distress in paediatric care. While
bronchodilators remain the standard therapeutic approach, the choice between a nebuliser and a pressurised metered-
dose inhaler (pMDI) with a valved holding chamber continues to be a subject of clinical debate, particularly regarding
younger children. In this prospective observational study, a cohort of 30 children aged 2-8 years was examined to compare
the clinical efficacy and usability of these delivery methods. Group A (n = 16) received salbutamol via a jet nebuliser,
while Group B (n=14) utilised a pMDI with a Vortex-type spacer. Despite comparable baseline characteristics (p>0.05),
Group B demonstrated accelerated clinical stabilisation, higher levels of child cooperation, and a reduction in the total
number of required inhalations. Notably, the incidence of repeat medical consultations and hospitalisations was lower
in the spacer group (7.1% for each outcome) compared to the nebuliser group (25.0% and 12.5%, respectively). These
findings suggested that a pMDI with a spacer is a highly effective primary tool for managing mild-to-moderate episodes
in outpatient and home settings. Nebuliser therapy should be reserved for severe clinical presentations or patients with
significant hypoxia and coordination difficulties, typically requiring supervised clinical observation. Integrating spacers
into primary care protocols can optimise treatment efficiency and alleviate the burden on hospital facilities by providing
reliable management of less severe obstructions

Keywords: bronchial obstructive syndrome; respiratory conditions; bronchodilators; spacer

Introduction

Obstructive bronchitis is one of the most common acute
respiratory conditions in early childhood, accounting for
a significant proportion of visits to paediatric emergency
departments. A.A.B. Wolters et al. [1] found that in some
countries the prevalence of wheezing in preschool children
reaches 30-50%, with a substantial proportion of these

Suggest Citation:

children subsequently exhibiting recurrent episodes of ob-
struction. The pathogenetic basis of bronchial obstructive
syndrome includes bronchospasm, mucus hypersecretion,
and oedema of the bronchial mucosa, which leads to im-
paired pulmonary ventilation and an increased risk of res-
piratory failure.
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C. Schorlemer & E. Eber [2] demonstrated that
short-acting [3,-agonists, particularly salbutamol, remain
the first-line treatment for obstructive bronchitis in chil-
dren. Inhalation therapy is the main method of delivering
bronchodilators in bronchial obstructive syndrome in pae-
diatric practice. The two principal delivery methods are
nebuliser therapy and the use of a pressurised metered-dose
inhaler (pMDI) with a spacer. A. Emeryk et al. [3] demon-
strated that the clinical effectiveness of nebuliser therapy in
children is significantly influenced by the technical charac-
teristics of the device and the patient’s breathing pattern, as
both factors directly determine pulmonary drug deposition
and, consequently, the bronchodilator response. E. Bhatt &
R.A. Malkin [4] demonstrated that errors in MDI tech-
nique remain highly prevalent among children despite pri-
or in-person instruction: 81% of paediatric patients used
their inhalers incorrectly, with the most frequent errors
being rapid shallow breathing, inadequate breath-holding,
and excessive actuations, all of which significantly reduce
the amount of medication reaching the airways.

The comparative effectiveness of these two deliv-
ery methods has been investigated in a number of ran-
domised controlled trials. C. Lemagon & A.A. Lopes [5],
in a two-centre study conducted in paediatric emergency
departments, demonstrated that salbutamol delivered via
pMDI with a holding chamber was as effective as nebulisa-
tion for mild to moderate asthma exacerbations, with sig-
nificantly lower hospitalisation rates, fewer side effects, and
shorter emergency department visits in the pMDI group -
particularly pronounced in children under 6 years of age.
C. Graybill et al. [6], in a retrospective study of paediatric
patients with asthma exacerbations at a primary care cen-
tre, found that albuterol delivered via MDI with a spacer
was more effective than nebulisation in reducing follow-up
visits: none of the MDI-treated patients returned to care
within 30 days, compared with 61% of those who received
nebulised treatment (p < 0.00001). PX. Gleeson et al. [7]
emphasised that improper inhaler technique in persistent
asthma is a widespread problem, and standardised check-
lists for assessing inhalation technique are still lacking. In
this context, the choice of a specific spacer model is impor-
tant. In this context, the choice of a specific spacer model
carries direct clinical relevance.

L. Ojanperd et al. [8], in an in vitro study simulating
paediatric breathing patterns in children aged 4 and 6 years,
demonstrated that salbutamol fine particle dose (FPD, 1-5
um) differed substantially between devices: EasyChamber
delivered a median FPD of 30.7 pg in the 6-year-old pro-
file and 25.0 pg in the 4-year-old profile, compared with
8.2-13.5 pug and 6.8-11.6 pg, respectively, for the remaining
spacers (p <0.001). Under simulated obstructive breath-
ing, FPD declined markedly across all devices, with Easy-
Chamber still outperforming others (6.4 ug vs 1.4-1.7 ug;
p <0.001), reinforcing that findings from one spacer model
cannot be extrapolated to another. M.M. Alotaibi et al. [9]
demonstrated that the majority of asthma patients do
not use their inhalers appropriately, with poor technique

observed in 67% of participants, and emphasised that pre-
scribing an inhaler device matched to the patient’s ability to
generate adequate inspiratory flow is essential for optimal
drug delivery to the airways and effective disease manage-
ment. M. Ruszczynski et al. [10], in a systematic review,
assessing the quality of guidelines on preschool wheezing
and asthma using the AGREE II instrument, demonstrat-
ed considerable variability in methodological rigour across
available recommendations, with particularly low scores in
the domains of applicability and stakeholder involvement,
highlighting the need for higher-quality evidence to inform
clinical decision-making in this patient population.
Despite the available data on the comparable effective-
ness of pMDIs with spacers and nebulisers, the question
of the optimal delivery method for specific age groups and
degrees of obstruction remains insufficiently studied, par-
ticularly regarding Vortex-type spacers in children with ob-
structive bronchitis in real-world clinical practice. There-
fore, the purpose of this study was to conduct a comparative
evaluation of the clinical effectiveness, ease of use, and
safety of nebuliser therapy and pMDIs with a Vortex-type
spacer in children with obstructive bronchitis by analysing
the dynamics of clinical parameters (degree of obstruction,
oxygen saturation), the frequency of adverse effects, and
the convenience of device use depending on the child’s age.

Materials and Methods

This prospective observational cohort study was conduct-
ed in the outpatient paediatric department of Municipal
Non-Profit Enterprise “City Children’s Clinical Hospital
No. 16” of Kharkiv City Council between February 2024
and May 2025. The study protocol was approved by the In-
stitutional Ethics Committee (reference No. 2023/06) and
was carried out in full accordance with the principles of
the Declaration of Helsinki [11]. Written informed consent
was obtained from the parent or legal guardian of each par-
ticipant following a comprehensive explanation of all study
procedures. Out of 32 children aged 2-8 years consecutively
screened with a clinical diagnosis of obstructive bronchitis,
30 patients fulfilled all per-protocol criteria and were re-
tained in the final analysis; two children were excluded due
to post-enrolment protocol deviations. The enrolled cohort
comprised three age strata: 9 children (30.0%) aged 2-3
years, 12 children (40.0%) aged 4-5 years, and 9 children
(30.0%) aged 6-8 years, with a mean age of 5.0 £ 1.8 years
for the total sample. The overall sex distribution was 18
males and 12 females (60.0% and 40.0%; p > 0.05). In-
clusion criteria were: clinical diagnosis of obstructive
bronchitis, age 2-8 years, and written parental/guardian
consent. Diagnosis was established based on productive
cough, diffuse expiratory wheeze, tachypnoea, expiratory
dyspnoea, and accessory muscle recruitment; chest radi-
ography was performed when clinically indicated in ac-
cordance with R. Axinte et al. [12], Ministry of Health of
Ukraine [13-14], Global Initiative for Asthma Management
and Prevention [15]. Baseline SpO, ranged from 90-94%.
Exclusion criteria included bronchial asthma, congenital
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cardiopulmonary disease, cystic fibrosis, severe central
nervous system pathology, immunodeficiency, gastroe-
sophageal reflux disease, systemic corticosteroids within
the preceding four weeks, and salbutamol hypersensitivity.

All patients were treated per current clinical guide-
lines and were initially seen on an outpatient basis; hos-
pitalisation during the follow-up period was recorded as
a primary outcome measure rather than a baseline condi-
tion. Allocation was based on clinical severity and the phy-
sician’s assessment of the child’s ability to cooperate with
the device. Disease severity at presentation was classified
as mild (SpO, 92-94%, dyspnoea absent or minimal) or
moderate (SpO, 90-91%, expiratory dyspnoea present); no
severe cases (SpO, <90%) were enrolled. In Group A, 10
patients (62.5%) presented with mild and 6 (37.5%) with
moderate disease; in Group B, 9 patients (64.3%) presented
with mild and 5 (35.7%) with moderate disease. Severity
distribution was comparable between groups (p > 0.05).
Group A (n=16; 53.3%) received salbutamol (2.5 mg/mL)
via jet nebuliser; Group B (n=14; 46.7%) received salbuta-
mol via pMDI with a Vortex valve-controlled spacer. Pri-
mary outcomes included: session duration, number of ses-
sions to full resolution, repeat visit rate, hospitalisation rate,
and overall clinical improvement (resolution of dyspnoea,
SpO, >96%, absence of wheeze, and meaningful cough re-
duction). Secondary outcomes comprised post-treatment
changes in respiratory rate, dyspnoea, SpO,, cough grade,
and auscultatory findings.

A structured questionnaire was administered to 34
paediatricians with experience of both devices, evaluating
five domains - ease of use, procedure duration, child coop-
eration, technique error rate, and tolerability — each on a
five-point Likert scale. Continuous data were expressed as
mean + SD or median interquartile range. Between-group
comparisons used the Mann-Whitney U test and Fish-
er’s exact test for continuous and categorical variables,
respectively. The Holm-Bonferroni correction was applied

for multiple comparisons; 95% Cls were estimated by boot-
strap resampling (1,000 iterations). Statistical significance
was set at p <0.05. Analyses were performed in SPSS v26.0
and Python 3.x (SciPy). Baseline characteristics were com-
parable between groups (p>0.05 for all parameters).

Results

Baseline characteristics. Detailed demographic, clinical,
and laboratory parameters for both cohorts are presented
in Table 1. Two baseline asymmetries of potential clinical
relevance warrant explicit commentary. First, Group B ex-
hibited a more pronounced male predominance (64.3%)
compared with Group A (56.3%), which, although not
statistically significant, merits acknowledgment given that
male sex is a recognised modifier of airway reactivity in
early childhood and may have introduced a subtle direc-
tional influence on Group B outcomes. This observation is
consistent with the findings of M. Attanasi et al. [16], who
reported that boys demonstrated consistently higher odds
of wheezing than girls from birth through age 13 years
(OR 0.86, 95% CI 0.74-0.98) in a multi-ethnic popula-
tion-based cohort of 3,418 children. Second, the distribu-
tion of prior episode history differed noticeably between
groups: only 6.3% of Group A patients were experiencing
their first obstructive episode versus 21.4% in Group B - a
15.1-percentage-point differential carrying potential clin-
ical implications, as first-episode patients may exhibit a
more pronounced initial bronchodilator response. Con-
versely, Group B contained a nominally higher proportion
of patients with three or more prior episodes (35.7% vs
25.0% in Group A), suggesting a greater burden of recur-
rent airway disease in the spacer cohort. These distribu-
tional nuances are reported transparently to support un-
biased interpretation of the efficacy data. Beyond these
specified asymmetries, formal statistical testing confirmed
cohort parity across all remaining parameters at baseline
(all p>0.05).

Table 1. Baseline demographic, clinical, and laboratory characteristics of study participants

Characteristic

Total (n=30)

Group A - Nebuliser (n=16) Group B - Spacer (n=14) p-value

Sex distribution, M/F 18/12 9/7 9/5 > 0.05

Age, years (mean + SD) 50+1.8 52+1.6 4.8+2.0 > 0.05

First episode of obstruction, n (%) 4(13.3) 1(6.3) 3(21.4) > 0.05
>3 prior episodes of obstruction, n (%) 9(30.0) 4(25.0) 5(35.7) > 0.05
Atopic dermatitis, n (%) 3(10.0) 1(6.3) 2(14.3) > 0.05

Food allergy, n (%) 4(13.3) 2 (12.5) 2(14.3) > 0.05

Allergic rhinitis, n (%) 3(10.0) 1(6.3) 2 (14.3) > 0.05

Family history of allergic diseases, n (%) 8(26.7) 4(25.0) 4(28.6) > 0.05
Eosinophils >0.3x10°/L, n (%) 4(13.3) 2 (12.5) 2 (14.3) >0.05
Lymphocytes >4.0x10°/L, nn (%) 16 (53.3) 9 (56.3) 7 (50.0) > 0.05
Elevated CRP (>5 mg/L), n (%) 10 (33.3) 5(31.3) 5(35.7) >0.05
Leukocytosis (>10x10°/L), n (%) 14 (46.7) 7 (43.8) 7 (50.0) > 0.05
Recurrent URTTSs, n (%) 26 (86.7) 14 (87.5) 12 (85.7) > 0.05
Passive smoking exposure, n (%) 11 (36.7) 6 (37.5) 5(35.7) > 0.05
Dyspnoea before treatment, n (%) 24 (80.0) 13 (81.3) 11 (78.6) > 0.05
SpO, before treatment (mean, %) 91.7 91.8 91.5 >0.05
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Continued Table 1

Characteristic Total (n=30)

Moderate/severe cough, n (%) 27 (90.0)

Group A - Nebuliser (n=16) Group B - Spacer (n=14) p-value

14 (87.5) 13 (92.9) > 0.05

Auscultatory wheezing, n (%) 27 (90.0)

14 (87.5) 13 (92.9) >0.05

Note: PM/F — male/female; SpO, — oxygen saturation; CRP — C-reactive protein; URTI - upper respiratory tract infection;
SD - standard deviation. All p>0.05 (Mann-Whitney U/Fisher’s exact tests with Holm-Bonferroni correction)

Source: compiled by the authors

Collectively, the data in Table 1 confirm that Groups A
and B entered the study with broadly equivalent disease
burden and clinical presentation profiles. The absence of
statistically significant differences across all 18 assessed
baseline parameters provides a valid analytical foundation
for attributing observed inter-group differences in clinical
outcomes to the inhalation modality rather than to pre-ex-
isting cohort heterogeneity. The two qualitative asym-
metries identified above - the higher proportion of first-ep-
isode patients in Group B and the mild male predominance
in that cohort - constitute acknowledged observational
features of the pragmatic allocation design and should be
considered in the contextual interpretation of subsequent
efficacy findings.

Atopic and allergic profiles. Allergic predisposition pro-
filing was undertaken systematically in all 30 participants;
group-level prevalence figures for each condition are pro-
vided in Table 1. Notably, the recorded allergic conditions
were not mutually exclusive. Two children with concur-
rent atopic dermatitis and allergic rhinitis were both from
Group B (6.7% of the total cohort; 14.3% of Group B), and
one child with co-existing atopic dermatitis and food al-
lergy was from Group A (3.3% of the total cohort; 6.3%
of Group A). No child presented simultaneously with al-
lergic rhinitis and food allergy, and no case of all three
conditions co-occurring was documented. In total, three
children (10.0%) carried two simultaneous allergic diag-
noses — a pattern consistent with early-stage atopic march
progression, as highlighted by Y.D. Bondarenko et al. [17],
who reported frequent allergic comorbidities in children
with allergic rhinitis, including bronchial asthma (28%),
allergic conjunctivitis (32%), and atopic dermatitis (4.7%),
underscoring the concept of allergic multimorbidity as a

hallmark of the atopic march. Accounting for overlap, chil-
dren with any form of allergic predisposition constituted
approximately 23-27% of the cohort. Although none of
the inter-group differences in allergic conditions reached
statistical significance (all p > 0.05; Table 1), the margin-
ally higher aggregate atopic burden in Group B warrants
acknowledgment as a potential modulatory factor when
interpreting treatment response data, given that allergic
airway inflammation may independently influence bron-
chodilator responsiveness. Concomitant non-allergic co-
morbidities — primarily acute rhinitis - were identified in
6 children across the cohort (20.0%). Symptom duration
prior to initiation of bronchodilator therapy ranged from 1
to 4 days, with 2-3 days being the most frequently reported
interval, reflecting an acute clinical presentation at enrol-
ment. All patients were managed in accordance with the
current clinical guideline for children with acute expiratory
airway obstruction and bronchial asthma exacerbation.
Clinical outcome. Both inhalation modalities produced
clinically meaningful improvements across all assessed res-
piratory parameters (Fig. 1). The magnitudes of sympto-
matic improvement were broadly similar between groups
across all five parameters (Table 2), confirming that both
delivery systems achieve effective acute bronchodilation.
The clinically decisive differentiation lies not in the quality
of therapeutic response but in the efficiency with which it
is achieved. As shown in Table 2, spacer use resulted in a
two-fold reduction in mean session duration (p < 0.001),
accompanied by a significantly lower total number of
sessions required to reach complete symptom resolution
(p=0.038). Together, these parameters indicate a dual ef-
ficiency advantage with direct implications for outpatient
clinical throughput and caregiver treatment burden.

=
g _25 100 87.5 92.9 81.3 85.7 81.3 85.7 75 786 75 714 87.5 92.9
1k N
% S
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E SpO, Cough reduction  Respiratory rate Wheezing Dyspnoea Overall
a Normalisation drop resolution resolution improvement
- Group A: Nebuliser (n=16) m Group B: pMDI + Spacer (n=14)
L
g % 30 25
s 20
v £ 10
58 10 5 6 7.1
g E— —
-2 Session duration (min) *** Total sessions to recovery * Repeat physician visits (%) *
b Group A: Nebuliser (n=16) m Group B: pMDI + Spacer (n=14)

Figure 1. Comparison of paediatric treatment effectiveness
Note: a - clinical effectiveness (equivalence between groups); b — treatment efficiency and burden (advantage of spacer);
clinical outcomes: Group A (nebuliser, n=16) vs Group B (pMDI+Vortex, n=14): respiratory rate, SpO,, dyspnoea, cough,
and wheezing. Values =% of patients improved; * p <0.05, *** p <0.001 (statistical significance for procedural advantage)

Source: compiled by the authors
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Table 2. Clinical outcomes and procedural efficiency by inhalation modality

Nebuliser Spacer
Parameter Before After Before P After A (%) Avs B p-value
Respiratory rate (RR), elevated, 16 (100) / 3(18.7)/ 14 (100) / 2(14.3) /
P n (;;) / M(D t)SD 3(214) ;0¢3) 3(1¢5) §9i2) 81.3vs-857 - >005
Dyspnoea, n (%) 13 (81.3) 1(6.3) 11 (78.6) 1(7.1) 750vs-71.4 > 0.05
o, 0ok (i) /MDasD NN L G533 sraags  TTSve929 >008
Moderate/severe cough, n (%) 14 (87.5) 3(18.7) 13 (92.9) 2 (14.3) -81.3vs-85.7 >0.05
Auscultatory wheezing, n (%) 14 (87.5) 2 (12.5) 13 (92.9) 2 (14.3) -75.0vs-78.6  >0.05
Duration of inhalation (min, MD + SD) 10.0£1.2 5.0+0.8 - <0.001
Total sessions to recovery (MD + SD) 8.0£1.6 6.0+1.2 - 0.038
Repeat physician visits, n (%) 4(25.0) 1(7.1) -17.9 pp <0.05
Hospitalisations, n (%) 2 (12.5) 1(7.1) -5.4 pp > 0.05
Overall clinical improvement, n (%) 14 (87.5) 13 (92.9) +5.4 pp >0.05

Note: SD - standard deviation; n — absolute number of patients. Mann-Whitney U test for continuous variables. Fisher’s
exact test for categorical variables with Holm-Bonferroni correction. Overall clinical improvement defined as composite
endpoint: SpO, 296%, resolution of dyspnoea and auscultatory wheezing, and clinically meaningful reduction in cough

severity
Source: compiled by the authors

Secondary healthcare utilisation outcomes reinforced
this pattern. Repeat physician visits were significantly less
frequent in Group B (p <0.05), while hospitalisation rates,
though numerically lower in the spacer group, did not reach
statistical significance - a finding attributable to limited sta-
tistical power for this infrequent outcome. Overall clinical
improvement rates were comparable between groups, with a
numerically — though not significantly — superior composite
response in the spacer group (Table 2). The data in Table 2
delineate a consistent clinical pattern in which the pMDI
+ Vortex spacer confers statistically significant and clini-
cally meaningful advantages in treatment efficiency - spe-
cifically in session duration (p <0.001), total session count
(p=0.038), and unscheduled return visit rate (p <0.05) -
without compromising the quality of therapeutic response
relative to jet nebuliser therapy. The non-significant differ-
ence in hospitalisation rates may reflect adequate clinical
safety provision in both arms rather than genuine equiv-
alence in the most severely affected patients; this question
warrants evaluation in adequately powered future studies.

Usability and paediatricians’ satisfaction. The struc-
tured usability questionnaire administered to 34 paediatric
physicians yielded a domain-specific performance profile
providing critical context for interpreting the aggregate
scoring differential between modalities (Table 3). Notably,

both devices received identical physician ratings for ease of
use and frequency of inhalation technique errors — confirm-
ing that physicians perceive the two modalities as equally
straightforward to prepare and operate, with an equiva-
lent margin of procedural error. The aggregate advantage
of the spacer (p <0.001) therefore cannot be attributed to
differences in device complexity or physician familiarity
with the equipment. Statistically significant between-de-
vice differences were identified exclusively in three do-
mains: procedure duration, child cooperation, and child
tolerability (all p<0.05). The procedure duration differen-
tial is the most objectively grounded of the three, direct-
ly corroborating the two-fold session time reduction. The
cooperation and tolerability domains, in contrast, reflect
physician-perceived behavioural and experiential assess-
ments. In children aged 2-8 years, responses to inhalation
procedures are substantially modulated by developmental
stage, anticipatory anxiety, sensitivity to the nebuliser’s mo-
tor noise, and physical encumbrance of the mask - factors
that cannot be fully disentangled from device-specific per-
formance characteristics in an observational design. These
ratings therefore represent important observational signals
regarding the paediatric patient experience, and should be
interpreted as such rather than as strictly objective device
performance metrics.

Table 3. Paediatric physician ratings of inhalation device usability

Criterion Group A Nebuliser Group B Spacer  Difference (A) Statistical significance
Ease of device use 5 5 0 n.s.
Procedure duration 1 5 4 p<0.01
Child cooperation during procedure* 2 5 3 p<0.05
Child tolerability* 1 5 4 p<0.01
Frequency of inhalation technique errors 3 3 0 n.s.
Total mean score 24 4.6 2.2 p<0.001

Note: *domains of child cooperation and tolerability reflect physician observational assessments in children aged 2-8 years
and contain aninherent subjective componentattributable to age-dependent behavioural variability and developmental stage

Source: compiled by the authors
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The domain-level analysis of Table 3 reveals that the
aggregate physician preference for the pMDI + Vortex spac-
er is driven by a combination of objectively faster proce-
dure delivery and the perceived superiority of the spacer in
terms of child tolerability and cooperation — with no contri-
bution from device-complexity differences, as evidenced by
the identical ease-of-use and technique-error scores. These
findings support the preferential use of pMDI + Vortex spac-
er therapy as the first-line bronchodilator delivery modality
in cooperative paediatric outpatients with obstructive bron-
chitis, while affirming the continued clinical utility of jet
nebuliser therapy in patients with more severe respiratory
distress or inadequate inhalation coordination - a stratified
deployment model aligned with current evidence-based
recommendations — Order of the Ministry of Health of
Ukraine No. 00129 and No. 00613 [13-14] and Global
Initiative for Asthma Management and Prevention [15].

Discussion

The present study evaluated jet nebuliser therapy versus
pMDI with a Vortex-type valved holding chamber for
bronchodilator delivery in children aged 2-8 years with
mild-to-moderate obstructive bronchitis. Both modalities
produced clinically equivalent therapeutic responses across
all assessed respiratory parameters. On the other hand, the
spacer-based approach conferred statistically significant
advantages in procedural efficiency and secondary health-
care utilisation.

Equivalence of therapeutic response. Overall clinical im-
provement was achieved in 87.5% and 92.9% of patients in
Groups A and B respectively (p >0.05), with all individual
parameter response rates likewise statistically equivalent
(all p>0.05). This aligns with the growing evidence base
confirming pharmacological equivalence of the two de-
livery platforms. K. Sugiura et al. [18] demonstrated that
pMDI with a spacer was comparable to nebuliser in clinical
effectiveness among children aged 4-16 years with moder-
ate-to-severe acute asthma exacerbations (MPIS reduction:
4.3 vs 3.7; p=0.13), while being associated with a signifi-
cantly shorter length of stay (61 vs 94 min; p<0.001) and a
lower incidence of adverse events. C. Graybill et al. [6] sim-
ilarly confirmed the superiority of pMDI with spacer in re-
ducing unscheduled follow-up visits, with zero MDI-treat-
ed patients returning within 30 days compared to 61% in
the nebuliser group (p <0.00001). The present data confirm
that this equivalence in therapeutic response - alongside
the efficiency advantage of the spacer — holds in a real-world
outpatient cohort using the Vortex device specifically.

Procedural efficiency: the decisive differentiator. Mean
session duration was reduced by 50% in Group B (5.0£0.8
vs 10.0£1.2 min; p<0.001), and total sessions to full recov-
ery were significantly fewer (6.0£1.2 vs 8.0+ 1.6; p=0.038),
yielding cumulative time savings of 24-40 minutes per
treatment course. The reduced session count suggests more
efficient bronchial deposition per dose — consistent with
cost-effectiveness data from J. Witnalakorn et al. [19], who
demonstrated that MDI with spacer incurred lower direct

medical costs than nebulisation in children with asthma ex-
acerbation (ICER: —4.60 USD per one-point asthma score
improvement; -20.07 USD per hospitalisation averted),
and with resource utilisation data from S.A. Alhaider et
al. [20], who reported a 48% reduction in treatment deliv-
ery time and up to 87% medication cost savings following
conversion from nebuliser to MDI-spacer in hospitalised
children. These efficiency advantages persisted under out-
patient conditions in children as young as 2 years, includ-
ing those with no prior device familiarity.

Secondary healthcare utilisation and implications for
outpatient management. One of the most clinically sig-
nificant findings of this study was the substantially lower
rate of unscheduled repeat physician visits in Group B.
Four of 16 Group A patients (25.0%) required a repeat
visit due to clinical deterioration, compared with only 1
of 14 Group B patients (7.1%) - a statistically significant
17.9-percentage-point reduction (p < 0.05). Hospitalisa-
tion rates, while numerically lower in Group B (7.1% vs
12.5%), did not reach statistical significance (p > 0.05), a
finding attributable in part to the limited statistical pow-
er for this low-frequency outcome in a 30-patient cohort.
Taken together, these utilisation data suggest that superi-
or procedural efficiency and better child tolerance in the
spacer group contribute to more sustained therapeutic
adherence at home, reducing clinical rebound. The direc-
tional finding on hospitalisations, though non-significant,
is consistent with findings in the literature: O. Nomura et
al. [21], in a prospective observational study of 158 pae-
diatric ED patients, similarly found no statistically signif-
icant difference in admission rates between MDI-deliv-
ered ipratropium and non-MDI groups (25.9% vs 31.5%;
p = 0.67), suggesting that detection of hospitalisation
differences in real-world outpatient cohorts is inherently
limited by event frequency and sample size. But it is worth
mentioning that parental perception of device efficacy is a
key mediator of home adherence: A.A. Alzayed et al. [22],
in a cross-sectional survey of 1,021 Saudi caregivers,
found that 70.2% suggested there is a therapeutic differ-
ence between MDI and nebuliser, with 45.2% consider-
ing the nebuliser more effective, despite evidence to the
contrary; moreover, parents who received adequate de-
vice education reported significantly higher satisfaction
scores (6.38 vs 5.28; p<0.001). Proper inhaler technique
further conditions home-based outcomes — B.A. Almom-
ani et al. [23] reported that correct MDI use was observed
in only 13.4% of paediatric patients, and that higher pa-
rental knowledge was independently associated with a
greater number of correct inhaler steps (OR = 1.066; 95%
CI=1.010-1.125; p=0.020). Institutional barriers to MDI
adoption also affect utilisation patterns at the system
level: N.E Sakrani et al. [24] demonstrated that targeted
physician education at a tertiary paediatric ED increased
MDI + spacer prescribing from 28% to 41% (p = 0.046),
and raised the proportion of physicians confident in con-
vincing parents to accept spacer-based therapy from 35%
to 66% (p <0.0001). The Vortex spacer’s advantages —
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portability, absence of power-source requirements, and
shorter procedure duration — make it particularly suited
to home-based maintenance therapy in resource-limit-
ed outpatient contexts, aligning with the practical rec-
ommendations of Ukrainian Ministry of Health clinical
guidelines [13-14].

Child cooperation, tolerability, and the paediatric pa-
tient experience. The paediatrician usability survey (n=34)
revealed that aggregate preference strongly favoured the
spacer (mean score 4.6 vs 2.4; p < 0.001), with signifi-
cant between-device differences in procedure duration
(p < 0.01), child cooperation (p < 0.05), and tolerability
(p<0.01) - while ease of use and technique error rates were
identical. The nebuliser’s lower ratings reflect its well-doc-
umented behavioural stressors: continuous motor noise,
prolonged mask contact, and substantial drug losses dur-
ing crying - factors disproportionately affecting toddlers
and pre-schoolers, who comprised 70% of this cohort. As
A. Ari [25] noted in a narrative review of aerosol delivery
in children, lung deposition in crying infants receiving
nebulised therapy was approximately fourfold lower than
in cooperative patients, and up to 49% of children do not
tolerate facemasks during treatment, with fussing and cry-
ing substantially reducing the inhaled dose. The Vortex
spacer eliminates the noise source, halves session time,
and requires only a few cooperative breaths, substantially
lowering the behavioural threshold for effective inhalation.
An additional practical advantage relates to the device in-
terface: S.H. Chen et al. [26] demonstrated in an in vitro
infant and paediatric model that aerosol drug delivery effi-
ciency is significantly influenced by the degree of enclosure
sealing and the delivery interface used, confirming that
device configuration directly determines the inhaled dose
available to the child.

Interpretation of baseline asymmetries and allocation de-
sign. Allocation was based on clinical severity and assessed
cooperation capacity, reflecting real-world outpatient prac-
tice. Two baseline asymmetries warrant consideration:
a higher proportion of first-episode patients in Group B
(21.4% vs 6.3%), and greater recurrent obstruction burden
in the same group (=3 episodes: 35.7% vs 25.0%). These
forces are directionally opposing and difficult to quantify in
a cohort of this size. The allocation design - directing more
severely affected or uncooperative children toward nebulis-
er therapy — may itself account for Group A’s higher session
count and repeat visit rate, independent of any pharmaco-
logical inferiority. This allocation-severity confound is the
primary study limitation and should be addressed through
prospective randomisation in future research.

Device selection context: the role of clinical severity. The
Vortex spacer is a valved holding chamber that temporari-
ly retains the pMDI aerosol cloud, eliminating the coordi-
nation requirement and selectively delivering the 2-5 um
therapeutic fraction to the distal bronchi. O.A. Sayed et
al. [27] demonstrated in an in-vitro model that conven-
tional spacers significantly enhance the delivery of fine
particles (<5 pm) and improve aerodynamic distribution

compared to using a pMDI alone. This mechanism pre-
supposes a minimum level of respiratory effort and co-
operation, which is reliably available in children with
mild-to-moderate obstruction but becomes compromised
under conditions of marked respiratory distress, hypox-
ia-driven reduction in {3,-receptor sensitivity, or impaired
consciousness. E. Poplicean et al. [28] reported that up to
70-80% of asthma patients do not use their inhalers cor-
rectly, with technique errors such as incorrect inhalation
speed directly contributing to poor asthma control and
increased emergency department visits. The nebuliser, by
contrast, enables passive aerosol delivery independent of
patient effort, making it the appropriate default in severe
obstruction with desaturation (SpO, <90%), pronounced
intercostal retractions, or inability to sustain mask contact.
J.M. Lizzo et al. [29] emphasised that because paediatric
asthma severity can range from intermittent symptoms to
life-threatening airway compromise, treatment decisions
must be strictly guided by symptom intensity and exacer-
bation risk. R. Chu & P. Bajaj [30] noted that a stepwise
approach to management is essential, ensuring that the
escalation of medication and device selection matches the
severity of the patient’s presentation and their physical ca-
pacity to use the delivery device.

In the present cohort, baseline SpO, was comparable
across groups (91.8% vs 91.5%), and all enrolled children
fell within the mild-to-moderate severity range — a design
condition that appropriately isolated the efficiency and
tolerability dimensions of the comparison rather than the
pharmacological ceiling of either device. The current Glob-
al Initiative for Asthma Management and Prevention [15]
states that “the preferred device is a pressurised me-
tered-dose inhaler (pMDI) and spacer, with face mask for
<3 years and mouthpiece for most children aged 3-5 years,
highlighting that in children, pMDI should always be used
with a spacer as delivery of short-acting beta-agonist via a
pMDI and spacer or a DPI leads to a similar improvement
in lung function as delivery via nebuliser (Evidence A).
Conclusions
Both nebuliser therapy and pMDI with a Vortex-type
spacer demonstrated comparable clinical efficacy in the
treatment of mild-to-moderate obstructive bronchitis in
children aged 2-8 years, with statistically equivalent im-
provements across all assessed respiratory parameters
(overall clinical improvement: 87.5% in Group A vs 92.9%
in Group B; p>0.05), confirming pharmacological equiva-
lence of both delivery platforms. The Vortex spacer demon-
strated a significant advantage in procedural efficiency:
mean session duration was two-fold shorter (5.0 +0.8 vs
10.0 1.2 min; p<0.001), total number of sessions required
for full recovery was lower (6.0 1.2 vs 8.0+ 1.6; p=0.038),
and the rate of unscheduled repeat visits markedly reduced
(7.1% vs 25.0%; p < 0.05). Hospitalisation rates were low-
er in Group B (7.1% vs 12.5%), though non-significant
due to limited sample power. Physician usability ratings
strongly favoured the spacer (4.6 vs 2.4; p <0.001), with
superiority in procedure duration, child cooperation, and
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tolerability—mostpronouncedinchildrenaged2-5years.No
severeadverseeffectswererecordedineithergroup. Baseline
asymmetries — higher male proportion in Group B
(64.3% vs 56.3%) and more first-episode cases (21.4% vs
6.3%) - and the absence of formal severity stratification
within groups represent methodological limitations. Fu-
ture prospective multicentre RCTs stratified by age, sex,
and severity grade with standardised caregiver technique
assessment are needed to confirm these findings and to
determine whether the spacer’ efficiency advantage trans-
lates into a significant reduction in hospitalisation rates.
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AHoOTALif. OGCTPYKTMBHMII OPOHXIT 3aIMIIAETBCA YACTOK IPUYMHOK TOCTPOTO PECIPaTOPHOrO AUCTPECY B
nefiaTpuyHiil mpakTuii. Xo4a OPOHXONITUKY € «30/I0TMM CTaH[JapTOM» JIiKyBaHH:, BUOip MK HeOymaisepoM i
TO30BaHVM aepO30JIbHUM iHTamATOpoM mif TuckoM (pMDI) i3 KIallaHHOIO yTPUMYBAaJIbHOI KaMepolo I Hajali €
IIpeMeTOM KIHIYHMX JUCKYCiil, 0COOMMBO M[ORO AiTeil MOJIOAIIOrO BiKy. Y LIbOMY IPOCIEKTMBHOMY 00CepBaLillHOMY
mocmimKeHH] 0yno o6cTexxeHo koropry 3 30 piTelt BikoM 2-8 pokiB 3 MeTOI0 NOPIiBHAHHA KIHIYHOI e(heKTMBHOCTI Ta
3PYYHOCTI BUKOPUCTAHHS LIMX METOAIB HOCTaBKU. Ipyma A (n = 16) orpumyBasa canbbyTaMoN 4yepe3 CTPYMMUHHMI
HeOyraiisep, Tofi Ak rpyna B (n = 14) BuxopucroBysanma pMDI 3i creiicepom tumy Vortex. ITonpu 3icTaBHi BuXinHi
xapakrepuctuku (p >0,05), y rpymi B criocrepirammcs mBupanra kaiHiuHa cTabimisania, BUIImil piBeHb cHiBIIpalLi fiTel
Ta 3MEHIIIeHHsI 3arasbHOI Ki/IbKOCTI HeOOXigHMX iHrassani. [IpuMiTHO, 1[0 YacTOTa MOBTOPHUX MEIVYHUX 3BEPHEHD i
rocriTaisanii 6y1a HIKYOI0 y IpyIi criericepa (1o 7,1 % [/1 KO>KHOTO IIOKa3HYKa) IIOPiBHAHO 3 IPYIO0 HeOyaiisepa
(25,0 %1 12,5 % BigmosigHo). OTpuMaHi pe3ynsTaTi cBigumny, mo pMDI 3i cieiicepoM € BucoKoe(deKTMBHUM OCHOBHUM
3acoboM 1A JMiKyBaHHA €IIi30/iB JIETKOI Ta CEPEHbOL TAXKKOCTI B aM6ynaT0pHI/IX i JOMAIIHIX YMOBaXx. He6yna1713€pHy
Teparlilo JOLi/IbHO pe3epByBaTH JyIA TSKKUX KIHIYHMX BUIIA[KiB a00 HMallieHTiB 31 3HAYHOIO TiIIOKCI€I0 Ta TPyRHOIAMMA
KOOpAMHAaLil, AKi 3a3BM4all HOTPeOyIOTh KIiHIYHOrO HarIARy. IHTerpalisa creiicepiB y IpOTOKO/IM IePBUHHOI MEANYHOI
TOIIOMOTY MO>Ke ONTUMi3yBaTy e(eKTUBHICTD JIIKyBaHHA Ta 3MEHIINMTY HaBaHT)XXEHH: Ha CTalliOHapy, 3a0e3euyrdn
HaJiilHe BeleHHA MEHII TsDKKMX OOCTPYKTUBHMX CTaHiB
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Abstract. The aim of the study was to compare approaches to tobacco smoking prevention in dental practice in Ukraine
and the European Union countries. The study was carried out as an analytical review of the literature with elements of
comparative analysis, within which 38 sources were processed for the period 2005-2026; the analysis studied the dental
consequences of tobacco smoking and approaches to preventive counselling, the practices of Ukraine and the European
Union countries were compared, and the generalisation formulated common features, differences, and directions for
adapting European experience. The analysis of the sources showed that tobacco smoking and the use of alternative nicotine
products are associated with a complex of dental changes that include periodontal tissues, oral mucosa, oral hygiene
status, dental hard tissues and restorative materials. It was found that dental practice has a preventive potential for early
detection of tobacco use, brief counselling and support for smoking cessation, however, the level of formalisation of such
interventions is uneven. In Ukraine, the general regulatory framework for tobacco control is more clearly presented, while
in the European Union countries, professional guidelines, educational support and structured counselling models are
more clearly traced. It was determined that the most realistic directions for adapting European experience to Ukrainian
dental practice are standardisation of preventive counselling, routine assessment of tobacco status, professional training of
dentists and implementation of brief clinical algorithms. The results confirmed the feasibility of integrating anti-smoking
interventions into routine dental practice and adapting structured European approaches to the Ukrainian context. The
obtained data can be used by dentists, teachers of higher medical education institutions, health care organisers, developers
of clinical recommendations and postgraduate training programmes to improve preventive counselling, professional
algorithms of actions and organisation of anti-smoking interventions in dental care

Keywords: tobacco; nicotine; periodontium; oral cavity; preventive counselling; tobacco smoking; alternative
nicotine products

Introduction

Tobacco smoking remains a common behavioural factor
that is directly associated with damage to oral tissues,
worsening of dental diseases and reduced treatment ef-
fectiveness. According to the World Health Organisation
(WHO), in 2024, 24.1% of adults in the European Region
used tobacco, which corresponded to 173 million peo-
ple [1]. In Ukraine, in 2024, the prevalence of cigarette
smoking among the adult population was 17.8%, and
the total current use of tobacco and nicotine products
reached 26.0%, including 5.3% of e-cigarette users and

Suggest Citation:

2.6% of consumers of heated tobacco products [2]. Under
such conditions, insufficient integration of anti-smoking
approaches into dental care can lead to late detection of
tobacco-associated changes, progression of periodontal
pathology, deterioration of dental hard tissues and oral
mucosa, reduced effectiveness of therapeutic and preven-
tive measures, and an increase in the frequency of repeat-
ed clinical interventions.

The impact of smoking on the oral cavity is manifested
both in the formation of periodontal lesions and in broad-

Kravchenko B. Anti-smoking programmes in dentistry: A comparative analysis of approaches in Ukraine and the EU countries. Int ]

Med Med Res. 2026;12(1):84-96. DOI: 10.63341/ijmmr/1.2026.84

‘Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0009-0003-4511-1994

Kravchenko

er changes in dental status. As shown by LS. Lisetska &
M.M. Rozhko [3], smoking is associated with an increased
risk of periodontal tissue diseases. The authors found that
tobacco exposure is accompanied by impaired microcir-
culation, changes in vascular response, weakening of local
tissue resistance and an increase in the frequency of peri-
odontal lesions, which contributes to the chronicity of the
pathological process. In the work of N.B. Kuzniak et al. [4],
the authors investigated the structure and prevalence of
periodontal tissue diseases in smokers who used tobacco
heating devices. The results showed that the use of such de-
vices does not eliminate periodontal risk, but is associated
with an increased frequency of periodontal tissue lesions
and variability of the clinical forms. The impact of alterna-
tive nicotine products on objective and subjective indica-
tors of oral health was studied by L.S. Kryvenko et al. [5].
Scientists proved that alternative nicotine products are also
accompanied by negative changes in dental status, which
confirms the harmful effects not only of traditional nico-
tine consumption, but also of modified nicotine.

Clinical and hygienic changes in tobacco use vary in
severity depending on the type of product consumed, the
age of patients, and behavioural characteristics of oral care.
In the article by B. Kravchenko [6], the incidence of dental
caries, the number of extracted and filled teeth, and hygiene
indices in different groups of smokers were compared. The
results of the study showed that the nature of dental disor-
ders depends on the type of product consumed: cigarette
smokers had the highest values of the index of carious,
filled, and extracted teeth, users of tobacco heating systems
had the most pronounced accumulation of soft plaque and
tartar, and smokeless tobacco users had the highest rates of
gingivitis. The state of oral hygiene and the level of sanitary
and hygienic knowledge in adolescents and young adults
who smoke were analysed by LS. Lisetska & M.M. Rozh-
ko [7]. Scientists found that the combination of poor oral
hygiene with insufficient preventive awareness contributes
to the accumulation of dental plaque, increased inflamma-
tory changes in periodontal tissues and an increased likeli-
hood of progression of dental pathology at a young age. In
the study of O.M. Boychenko et al. [8], the prevalence of
dental diseases in young people was characterised. The au-
thors identified the frequency of pathology of dental hard
tissues and inflammatory periodontal lesions, which gives
grounds to consider young age as a period of increased sen-
sitivity to the action of adverse behavioural factors.

The use of electronic cigarettes and heated tobacco
products expands the range of dental problems, since the
impact covers not only periodontal status, but also the
conditions of clinical management of patients and the con-
dition of dental hard tissues. Ya.T. Vasylyshyn [9] investi-
gated the condition of periodontal tissues in young peo-
ple who used electronic devices for smoking. As a result,
it was found that the use of such devices is accompanied
by a deterioration in periodontal indicators, and with an
increase in the duration of the use, the severity of patho-
logical changes increases. Dental and anaesthetic problems

in nicotine-dependent individuals were summarised by
O.V. Kravets et al. [10]. The authors showed that nicotine
addiction is combined not only with damage to the organs
and tissues of the oral cavity, but also with complications in
the clinical management of patients, in particular during
anaesthetic support of dental interventions. The effect of
cigarette smoke and aerosol from heating tobacco on the
colour stability of hard tooth tissues and restorative mate-
rials was studied by F. Zanetti et al. [11]. The researchers
proved that both types of aerosol loading worsen the colour
stability of enamel, dentin and composite materials, which
expands the understanding of the dental consequences of
tobacco exposure from the periodontal level to aesthetic
and restorative aspects.

Despite the existence of works devoted to the dental
consequences of smoking and the use of alternative nic-
otine products, information on preventive and advisory
practices in dentistry, taking into account the differences
between Ukraine and the countries of the European Union
(EU), remains insufficiently systematised. The aim of the
study was to identify and study the features of anti-smoking
approaches in dentistry in Ukraine and the EU countries.
The objectives of the study were as follows: to analyse the
dental consequences of smoking and the use of alternative
nicotine products as a basis for anti-smoking interventions;
to generalise approaches to prevention, counselling and
reducing tobacco exposure in dental practice in Ukraine
and the EU countries; to identify common features, differ-
ences, and directions for adapting European experience to
Ukrainian dental practice.

Materials and Methods

The study was conducted as an analytical review of the lit-
erature with elements of comparative analysis. The subject
of the study was approaches to the prevention of smoking
in dental practice, forms of the implementation at the clin-
ical, organisational and preventive levels, as well as the fea-
tures of the integration of anti-smoking interventions into
dental care in Ukraine and the EU. The element of compar-
ison was not individual countries of the European Union,
but regulatory and professional approaches common in
EU countries. The choice of such a comparison format was
due to the need to compare the Ukrainian experience with
models characterised by a higher degree of legal regulation,
professional standardisation of preventive counselling and
institutionalisation of the participation of the dentist in
smoking cessation.

The search for sources was carried out in scientomet-
ric and bibliographic databases (PubMed, Scopus, Web of
Science, Google Scholar) in Ukrainian and English using
the following keywords and search queries: “tobacco smok-
ing and dentistry”, “tobacco prevention in dentistry”, “an-
ti-smoking approaches in dental practice”, “smoking and
periodontitis”, “electronic cigarettes and oral health”, “smok-
ing cessation in dentistry”, “tobacco prevention in dental
dentist-delivered smoking cessation”, “smoking

»
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practice’,
and periodontal disease”, “heated tobacco products and oral
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health”, “e-cigarettes and oral health”, “anti-smoking inter-
ventions in dental care”. The review included publications
that were relevant to the research topic, contained data on
the dental consequences of tobacco smoking or alternative
nicotine use, covered preventive, advisory or organisation-
al approaches in dentistry, were published in Ukrainian or
English, and had full text in open or institutional access.
Exclusion criteria were duplicate entries, publications with-
out a clear connection to dental practice, sources without
available full text, short abstracts without sufficient de-
scription of the results, and materials that considered to-
bacco smoking without analysing the dental context.

In addition to scientific publications, the analysis in-
cluded the official WHO analytical report for 2020, dedi-
cated to assessing the state of tobacco control in Ukraine
and the possibilities for its further development [12], the
current Law of Ukraine No. 2899-1V [13], which regulated
measures to prevent and reduce the use of tobacco prod-
ucts and the harmful effects on the health of the popula-
tion, the Council of the European Union recommendation
document [14] on an environment free of tobacco smoke
and aerosols, as well as professional documents of the FDI
World Dental Federation [15; 16], which defined approach-
es to smoking cessation in dental practice and the role of
the dentist in such an intervention. The selection of sources
was carried out in three stages: at the first stage, a search,
and initial extraction of records by keywords were carried
out; at the second stage, the title, annotation, and relevance
to the topic were assessed; in the third — analysis of full texts
and final formation of the corpus of sources for the review.
The selection was carried out by two reviewers with higher
medical education and experience in preparing scientif-
ic review publications in the field of dentistry and public
health; agreement on controversial positions was achieved
through repeated independent review and discussion until
consensus was reached. The final review included 38 sourc-
es published during 2005 - January 2026.

The work used a complex of general theoretical meth-
ods of cognition, which ensured consistent processing and
interpretation of the selected sources. The analysis studied
the dental consequences of smoking [17-19] and the use
of alternative nicotine products [20-22], the content and
forms of preventive counselling in dentistry [23; 24], fea-
tures of dentist participation in smoking cessation [25-27],
as well as ways of implementing anti-smoking interven-
tions in routine dental care [28; 29]. The synthesis method
was used to combine disparate information into a holistic
view of the structure of anti-smoking approaches in dental
practice, including clinical, preventive and organisational
components. The comparison was used to compare ap-
proaches to tobacco prevention in dentistry, represented
in Ukraine by regulatory, preventive and informational
and clinically oriented, but less formalised approaches to
dentist participation in anti-smoking counselling [12; 30],
and in the European professional space — by regulatory and
recommendation, professionally standardised, structured
clinical counselling and integrated approaches [14-16].

The comparison was carried out according to the criteria
of regulatory support for anti-smoking measures, pro-
fessional regulation of the participation of the dentist in
smoking cessation, forms, and level of standardisation of
preventive counselling, as well as the degree of integration
of anti-smoking interventions into routine dental care. The
abstraction method made it possible to identify the most
representative features of anti-smoking practices, which
were important for comparative assessment. The general-
isation method was used to formulate final provisions on
common features, differences, limitations and promising
directions of adapting European experience to dental prac-
tice in Ukraine.

Results and Discussion
Dental consequences of tobacco smoking and the use
of alternative nicotine products. The dental dimension
of tobacco smoking is determined by the fact that tobac-
co use affects not only the general state of health, but also
the structures of the oral cavity, the course of inflammato-
ry processes, oral hygiene status, aesthetic characteristics
of teeth and long-term results of restorative treatment.
The analysis showed that conventional cigarette smoking,
e-cigarette use and heated tobacco products were consid-
ered factors that could change the clinical course of dental
pathology, rather than merely accompany it [20; 22]. That
is why the study of the dental consequences of tobacco and
nicotine consumption is a necessary prerequisite for sub-
stantiating anti-smoking interventions in dental practice.
Periodontal disorders are one of the main dental con-
sequences of tobacco smoking. The analysis revealed that
smoking is associated with a deterioration in periodontal
status, an increase in the frequency of periodontal tissue
lesions and a less favourable course of the inflammatory
process [31; 32]. Such changes indicate that tobacco ex-
posure affects not only the occurrence of periodontal pa-
thology, but also its clinical dynamics, deepening structural
and functional disorders in periodontal tissues. It was also
found that the relationship between smoking, periodontal
pathology and other systemic disorders is multicompo-
nent, since periodontal damage is combined with broader
negative effects of tobacco exposure on the body [19]. This
makes it possible to interpret periodontal changes not as a
local isolated process, but as a component of the complex
pathological impact of tobacco smoking. Separately, it was
observed that the use of tobacco heating systems does not
eliminate the risk of periodontal changes, but only changes
the format of tobacco exposure [31; 32]. Such results are
consistent with the work of PJ. Ford & A.M. Rich [17],
in which tobacco smoking was presented as a factor in a
wide range of oral lesions, including periodontal diseases.
Similarly, D.A. Apatzidou [18] emphasised that the role of
smoking is not only related to the development of perio-
dontal disease, but also to the outcomes of dental treatment,
in particular implant therapy, which expands the clinical
understanding of tobacco exposure from an etiological fac-
tor to a predictor of the course and prognosis of treatment.

86

International Journal of Medicine and Medical Research, 2026, Vol. 12, No. 1



Kravchenko

Deterioration of oral hygiene is one of the most re-
producible dental consequences of tobacco exposure.
Smoking was associated with poorer oral hygiene, a higher
likelihood of gingival inflammation, and a general deteri-
oration in dental status, suggesting a combination of clini-
cal and behavioural risk factors [33]. The analysis demon-
strated that adverse dental manifestations associated with
tobacco smoking are recorded not only in adults, but also
in adolescents and young adults (up to 18 years of age),
i.e., at the stage of early formation of stable behavioural
patterns [34]. This gives grounds to consider young age
as a period in which tobacco exposure is already reflect-
ed in the clinical condition of the oral cavity. In addition,
it was shown that the level of patients’ awareness of the
consequences of smoking for the oral cavity and attitudes
towards quitting smoking are directly related to the pre-
ventive capabilities of the dental appointment [35]. In
this context, S. Gajendra et al. [26] emphasised that the
detection of such changes during a dental appointment
creates grounds for early counselling and involvement of
the dentist in supporting smoking cessation. Thus, hygiene
violations, early appearance of adverse dental changes and
insufficient preventive awareness form an interconnected
clinical and preventive complex that enhances the need for
early dental intervention.

A separate area of analysis covered the dental conse-
quences of using alternative nicotine products. The analysis
of sources showed that electronic cigarettes and vaping are
associated with changes in oral status, in particular with
changes in the oral mucosa, xerostomia, and potential de-
terioration of periodontal status [21; 36]. This indicates that
the effect of new nicotine products extends simultaneously
to several aspects of oral health and is not reduced to an iso-
lated local effect. It was also found that the systematic data
do not provide grounds to interpret electronic cigarettes
and heated tobacco products as safe for dental health [22].
Therefore, it is advisable to consider electronic cigarettes
and heated tobacco products not as a neutral replacement

for traditional smoking, but as another format of nicotine
exposure with its own spectrum of clinical consequences.
Along with this, it was emphasised that the clinical assess-
ment of new nicotine products should take into account
not only short-term effects, but also potential long-term
changes in oral tissues [20; 22]. Similarly, O. Bilynskyi et
al. [37] concluded that electronic nicotine delivery systems
have an adverse effect on the oral cavity, which confirms
the need to consider these systems as a separate dental risk
factor, and not as a safe alternative to traditional smoking.
Therefore, during a dental examination, the use of electron-
ic cigarettes and heated tobacco products requires separate
clinical consideration when assessing the state of oral tis-
sues and planning preventive counselling.

Changes in dental hard tissues and restorative materi-
als are also among the dental consequences of tobacco ex-
posure. Electronic cigarettes and heated tobacco products
affect the colour parameters of teeth, changing the aesthet-
ic characteristics and potentially worsening the appearance
of the dentition [38]. This indicates that the effect of new
nicotine products extends not only to soft tissues and in-
flammatory processes, but also to indicators that are im-
portant for the aesthetic assessment of dental status. The
impact of traditional smoking and new tobacco products
on materials manufactured using computer-aided design
and computer-aided milling technologies was also found,
indicating the possibility of changing the properties during
use [39]. Similarly, K.E Irusa et al. [21] pointed out that
the assessment of the consequences of using electronic cig-
arettes should include not only pathological changes in the
tissues of the oral cavity, but also clinical aspects that may
affect the results of dental interventions. Therefore, tobacco
and nicotine exposure should be considered as a factor that
can affect not only the development of dental pathology,
but also the long-term aesthetic and functional prognosis
of restorative treatment. To summarise the dental con-
sequences of smoking and the use of alternative nicotine
products, these consequences are presented in Table 1.

Table 1. Tobacco exposure factors and dental manifestations

Factors Manifestations (consequences)

deterioration of periodontal status, higher frequency of periodontal tissue

Traditional tobacco smoking lesions, less favourable course of periodontal pathology

Use of electronic cigarettes, vaping, and heated tobacco
products

changes in the oral mucosa, xerostomia, potential deterioration of
periodontal health

Tobacco and nicotine exposure as a factor in oral
hygiene disorders

worse oral hygiene indicators, signs of gingivitis, general deterioration of
dental status

Tobacco and nicotine exposure as a factor in aesthetic
and material-related changes

changes in tooth colour parameters, deterioration of aesthetic
characteristics of restorations, impact on the properties of dental materials

Source: compiled by the author based on C. Schwarz et al. [19], D. Cichonska et al. [20], N. Camoni et al. [22],1.D. Kiiun [31],
I. Miskovi¢ et al. [32], A. Beklen et al. [33], D. Olczak-Kowalczyk et al. [34], A.B. More et al. [35], S. Niemczyk et al. [36],
S. Gupta et al. [38], E Makkeyah et al. [39], PM. Duarte et al. [40]

The data in Table 1 showed that the dental manifes-  periodontal tissues, but alongside these changes, there are

tations of tobacco and alternative nicotine exposure are
multilevel in nature and are not limited to periodontal
pathology. The most consistent sources trace changes in

disturbances in oral hygiene status, changes in the mucous
membrane, as well as aesthetic and material effects. This
means that the patient’s tobacco status should be taken into
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account during a dental examination as a clinically signifi-
cant factor that affects the course of the disease, the choice
of treatment tactics and the prognosis of its results. Thus,
the results showed that smoking and the use of alternative
nicotine products form a complex of dental changes that
has not only diagnostic but also preventive significance.
This justifies the feasibility of integrating preventive coun-
selling and anti-smoking interventions into dental practice.

Preventive counselling and dentist participation in
smoking cessation. Preventive counselling in dentistry is
considered one of the areas of reducing tobacco exposure,
since the dental appointment combines the possibilities of
detecting tobacco consumption and assessing its conse-
quences for the oral cavity. Direct contact with the patient
makes it possible to link the detected dental changes with
tobacco exposure and use this as a basis for motivation to
quit smoking. In this regard, the participation of the dentist
includes informing about the risks, brief preventive inter-
ventions, supporting behavioural changes and integrating
anti-smoking practices into routine dental care. In preven-
tive counselling in dentistry, it is advisable to distinguish
several interrelated approaches: screening and identifica-
tion, informational and motivational, brief structured in-
tervention, guidance, and support and integrated routine.
This classification reflects the sequence of actions of the
dentist - from identifying the patients tobacco status to
primary behavioural support and organising further care.

Dental practice provides the conditions for early de-
tection of tobacco use and preventive counselling, as it is
during the examination that the effects of smoking on the
tissues of the oral cavity can be visualised. The analysis of
sources showed that the dental office is considered a suita-
ble environment for brief anti-smoking interventions, mo-
tivational talk and referral of the patient to further care [25;
27]. The participation of the dentist in smoking cessation
is associated not only with a preventive but also with a
clinical function, since the discussion of tobacco status is
integrated into the assessment of dental health [23]. This
means that counselling in dentistry is considered as part of
the professional interaction with the patient, and not as an
activity external to the treatment. In this context, R. Holli-
day et al. [41] showed that the effectiveness of the dentist’s
advice depends on how it is perceived by the patient with-
in the clinical interaction. Therefore, the participation of
the dentist in smoking cessation has an informational and
communicative-motivational dimension. Within the pro-
posed classification, this stage corresponds to the screen-
ing-identification approach, in which the dentist detects
the fact of tobacco consumption, records its connection
with the clinical condition of the oral cavity and transfers
the topic of smoking from an optional discussion to the lev-
el of a clinically significant parameter.

The content of preventive counselling in dentistry in-
cludes several sequential actions: detecting the fact of to-
bacco consumption, briefly informing about the risks to
the oral cavity, assessing the patient’s readiness for change
and providing initial motivational support [23; 27]. It was

found that the effectiveness of such counselling increas-
es when the dentist’s recommendation is specific, tied to
the identified clinical changes and understandable to the
patient [25]. In addition, it was found that the preventive
potential of the counselling increases if the topic of smok-
ing is systematically raised, rather than its episodic men-
tion [27]. A comparison of these data is consistent with the
conclusions of B.W. Chaffee et al. [24] that dental counsel-
ling should cover a wider range of nicotine and behavioural
risks, and therefore requires a clear communicative struc-
ture. Preventive counselling in dentistry is a structured
process, the effectiveness of which depends on the content
of the message, the way it is presented and the connection
to the clinical situation. This segment corresponds to the
information-motivational approach, the essence of which
is to provide the patient with a brief, clinically relevant and
personalised message about the consequences of smoking
for the oral cavity and the benefits of quitting smoking.

A separate area of research concerns briefs anti-smok-
ing interventions that can be implemented directly into
routine dental care. It was established that brief interven-
tion models involve the detection of smoking, brief advice
on quitting, recording readiness for change and offering
additional support or referral [28]. The use of such a tool in
public dental services is practically feasible and does not re-
quire a radical restructuring of the usual appointment [28].
In dental research protocols, there is a tendency to compare
very brief counselling with extended intervention models,
indicating the development of this direction from the gen-
eral idea of counselling to the testing of specific formats of
care [29]. In this regard, J.A. Alblowi & H. Mohamed [23]
actually confirmed that brief advice is clinically appro-
priate if it is embedded in standard patient interactions.
In contrast, J. Byakodi [27] considered brief intervention
as a basic professional tool capable of initiating further
smoking cessation even in the limited time of the dental
appointment. Therefore, brief anti-smoking interventions
have not only conceptual but also practical applicability in
dentistry. The above provisions correspond to a brief struc-
tured intervention approach, which includes four basic
components: identification of tobacco use, brief clear ad-
vice to stop smoking, assessment of the patient’s readiness
for change, and provision of initial support or referral. This
approach is the most suitable for routine dental practice, as
it does not require a long time, a separate consultation visit,
or a specially created infrastructure.

The analysis of sources showed that the effectiveness
of the dentist’s participation in smoking cessation depends
on the motivational component of the counselling. Linking
the advice to the patient’s real dental status, visual changes
in the oral cavity and the prognosis of treatment increases
the persuasiveness of the intervention [25]. It was observed
that the dental appointment has the potential to influence
the patient’s attitude towards smoking, precisely by demon-
strating the direct consequences of tobacco exposure for
oral health [27]. The participation of the dentist is inter-
preted as a form of primary behavioural support, and not
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only informing about the harms [25]. Similarly, S. Rajput et
al. [42] established that counselling on smoking cessation
is part of the professional tasks of the dentist and requires
practical readiness to implement it in everyday clinical
work. At this stage, preventive counselling takes on the char-
acteristics of a guidance-supportive approach, as the den-
tist not only informs the patient, but also initiates further
movement towards behaviour change by supporting the
intention to quit smoking, re-raising the topic during sub-
sequent visits, or referring to other available forms of care.

Along with the possibilities of implementation, the lit-
erature also highlighted barriers to the implementation of
such practices. It was found that these include insufficient
training of dentists, uncertainty about the dentists own
role, limited appointment times, lack of established algo-
rithms, and insufficient inclusion of this topic in profes-
sional education. Gaps in knowledge and skills are already
evident at the undergraduate level, which may further
reduce the dentist’s readiness for behavioural counsel-
ling [43]. With the availability of a short-standardised tool
and organisational support, these barriers can be partially
overcome [28]. In this context, A. Beklen et al. [33] linked
the assessment of oral health with the issue of supporting
smoking cessation, which indicates the possibility of in-
tegrating this practice into clinical interaction. Thus, the
barriers are educational and organisational in nature, but
do not exclude the real implementation of anti-smoking
counselling in dentistry. From a practical point of view, the
most realistic approach for Ukrainian dental care is an in-
tegrated routine approach, in which preventive counselling
is not separated into an independent resource-intensive
service, but is built into a standard dental appointment.
Given the organisational limitations of the health care
system, it is advisable to use very brief standardised in-
terventions that can be implemented without significantly
increasing the duration of the visit. Given the staffing con-
straints and the unequal level of training of dentists, the
implementation of short action algorithms, templates for
recording the patient’s smoking status, and targeted train-
ing modules in undergraduate and postgraduate education
is of paramount importance. Given resource constraints, a
more realistic implementation model is a phased approach
that does not require the creation of separate offices or
dedicated services in dental facilities, but involves routine
inquiry about smoking status, brief personalised advice,
and, if necessary, referral to a family doctor or other availa-
ble smoking cessation support services. This is the adapta-
tion model that combines clinical feasibility, organisational
feasibility, and relatively low resource cost.

Thus, a review of the literature suggests that preventive
counselling in dental practice includes tobacco use screen-
ing, brief structured interventions, motivational support,
and the possibility of further referral. Dentist participation
in smoking cessation is based on clinical feasibility, com-
municative readiness, and the availability of organisational
conditions for such activities. The generalised classifica-
tion of approaches to preventive counselling in dentistry

includes screening and identification, informational and
motivational, brief structured intervention, guidance and
support, and integrated routine approaches. This makes
it possible to consider dental practice as a real tool for re-
ducing tobacco exposure, provided that it is professionally
regulated and standardised intervention models are imple-
mented. For Ukrainian practice, the most appropriate is
the phased implementation of integrated brief counselling
models, adapted to the limitations of the appointment time,
the level of personnel training, and the available resources
of the health care system.

Comparative characteristics of approaches in
Ukraine and EU countries. Approaches to tobacco pre-
vention in dental practice in Ukraine and the EU differ
in the level of regulatory support, professional regulation
and the degree of inclusion of the dentist in the process
of smoking cessation. These differences are traced in the
forms of preventive counselling, the nature of profession-
al recommendations, approaches to limiting tobacco and
nicotine products, as well as in the level of integration of
anti-smoking interventions into routine dental care. The
comparative analysis showed that between Ukrainian prac-
tice and the approaches presented in the European profes-
sional space, there are differences in regulatory support,
professional regulation of the role of the dentist, forms of
preventive counselling and the level of integration of an-
ti-smoking interventions into routine dental care. That is
why a comparison of Ukrainian and European experience
is necessary to identify common features, differences, and
practices that may be relevant for dental prevention.

The results of the analysis showed that in Ukraine, the
regulatory framework for tobacco control is available and
sufficiently clearly formulated at the national level. This was
observed both in the World Health Organisation report on
the assessment of the state of tobacco control in Ukraine
and in the current legislation regulating measures to pre-
vent and reduce the use of tobacco products and the harm-
tul effects on the health of the population [12; 13]. This reg-
ulatory framework is primarily focused on the regulation
of tobacco products, limiting the use and protecting the
population from smoke exposure, and not on the detailed
implementation of dental-oriented anti-smoking practic-
es. This coincides with the conclusions of I. Demchenko &
P. Vasylkivskyi [30] that in Ukraine there are already mech-
anisms to assist individuals who want to quit smoking, but
these mechanisms need a clearer connection with clinical
environments, in particular dental ones. A. Skipalskyi et
al. [44] considered the Ukrainian context as one in which
tobacco control is developing under the influence of com-
plex external circumstances, which further complicates
the stable implementation of preventive practices. Thus, in
Ukraine, the normative field is more pronounced than the
level of dental operationalisation of anti-smoking interven-
tions. Thus, the Ukrainian context is more characterised by
regulatory and general preventive approaches, while the
clinical integration of the dentist into the system of assis-
tance for smoking cessation remains less formalised.
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In contrast, sources related to the European profes-
sional space show a higher level of combination of regu-
latory and professional regulation. It was found that the
EU Council recommendation document on smoke-free
environments and aerosols reflects the desire to extend
control not only to traditional smoking, but also to new
formats of tobacco and nicotine consumption [14]. The
professional documents of the World Dental Federation
explicitly define the role of dental professionals in smok-
ing cessation and offer guidelines for integrating relevant
interventions into practice [15; 16]. This means that in the
European space, the dentist is considered not only as a
specialist who records the dental consequences of smok-
ing, but as a formalised participant in preventive inter-
vention. In this context, D. Gurung et al. [45] consistently
emphasised that the dental professional has professional
grounds for systematic participation in the anti-smok-
ing system. Similarly, H. Bendotti et al. [28] showed that
brief interventions can already be built into public dental
services as a routine tool. Therefore, the formalisation of
the dentist’s role at the interface of professional recom-
mendation and organisational implementation is more
characteristic of the European professional space. Thus,
the normative-recommended, professionally standard-
ised and integrated clinical approaches to anti-smoking
interventions in dentistry are more clearly presented in
the European space.

A comparison of forms of preventive counselling
showed that in the Ukrainian context these forms are
mostly described as a promising or necessary direction,
while in European sources - as an already structured tool
of clinical practice. In the analysed Ukrainian materials,
the emphasis is on general promotion of smoking cessa-
tion, informing the population and strengthening the pre-
ventive component of health care [30; 46]. In contrast, in
sources reflecting European professional experience, very
brief counselling, short clinical algorithms, assessment of
the patient’s readiness for change and the connection of
counselling with routine dental appointments were more
clearly traced [28; 29]. This difference is fundamental, as it
indicates not only a different level of description of prac-
tices, but also a different degree of the institutional ma-
turity. J.A. Alblowi & H. Mohamed [23] showed that the

perception of tobacco counselling by dentists is already
part of the plane of professional self-identification. In
contrast, S. Rajput et al. [42] demonstrated that even with
awareness of the dentist’s role, the practical implementa-
tion of counselling depends on the readiness of the spe-
cialist, that is, on the transition from declarative recogni-
tion to real practice. Thus, the main difference is that in the
European space, counselling is more often presented as an
algorithmised practice, and in the Ukrainian space - as a
less formalised direction of prevention. In agreement with
this conclusion with the previously presented classification
of approaches to preventive counselling, it can be stated
that in Ukrainian practice, screening-identification and
general information-motivational components prevail,
while in the European professional space, brief structured
intervention, guidance-support and integrated routine ap-
proaches are more clearly represented.

The comparative analysis also revealed a difference in
the degree of professional training and educational support
of anti-smoking interventions. In the European academic
environment, dental students’ knowledge about smoking,
the attitude towards smoking cessation programmes and
the effectiveness of special training modules are separate-
ly considered [47; 48]. This indicates the inclusion of the
topic of smoking cessation in the educational and pro-
fessional discourse. In works related to Ukraine, the em-
phasis is more often on general mechanisms of assistance
and preventive awareness of patients than on the formal
training of dentists in anti-smoking counselling [30; 46].
This coincides with the results of S.E. Vollath et al. [47],
who showed that a specially designed training module can
improve the readiness of future dentists to help with smok-
ing cessation. Similarly, C. Bauer-Kemeny et al. [49] found
that the level of knowledge about the risks of smoking and
its prevention among dental students is insufficient and
requires targeted educational reinforcement. So, another
difference between Ukraine and the European professional
space is that in the European environment the problem is
more often institutionalised already at the stage of profes-
sional training, while in Ukraine it is more represented in
the plane of general prevention and information. The dif-
ferences between anti-smoking approaches in Ukraine and
the EU are summarised in Table 2.

Table 2. Comparative characteristics of anti-smoking approaches in dentistry

Criterion of comparison

there is a national legal framework for
tobacco control; emphasis on regulating
tobacco use and protecting the population

Regulatory support

Ukraine

European professional space

supranational guidance documents on
smoke-free and aerosol-free environments
are available

Dentistry-specific professional guidelines

limitedly represented, the general
preventive context prevails

specialised professional guidelines for
dentists are available

Forms of preventive counselling

less formalised, more often described as a
necessary direction of development

more structured; brief interventions,
very brief counselling algorithms, clinical
referral models are used

Role of the dentist in smoking cessation

justified by clinical feasibility and
preventive potential

formalised as a professional function of the
dental professional
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Criterion of comparison

Educational integration

Ukraine

less pronounced

Continued Table 2

European professional space

separately researched and supported
through training modules and assessment
of student training

Source: compiled by the author based on World Health Organisation [12], Law of Ukraine No. 2899-IV [13], Council of
the European Union [14], FDI World Dental Federation [15; 16], ].A. Alblowi & H. Mohamed [23], H. Bendotti et al. [28],
R. Holliday et al. [29], I. Demchenko & P. Vasylkivskyi [30], D. Gurung et al. [45], S.E. Vollath et al. [47], E. Rodakowska et

al. [48], C. Bauer-Kemeny et al. [49]

The data in Table 2 showed that the differences be-
tween Ukraine and the European professional space are
most clearly visible in the level of dental operationalisation
of anti-smoking approaches. In Ukraine, the regulatory
framework of the general anti-tobacco policy is well pre-
sented, but dental intervention models are described less
formally. In the European professional space, along with
regulatory recommendations, professional and education-
al reinforcement of the dentist’s role is observed, and brief
anti-smoking interventions are more often presented as
routinely suitable. This indicates a higher degree of inte-
gration of the dentist into the process of smoking cessation
in the European professional space. Thus, the comparative
analysis showed that the common orientation towards re-
ducing the tobacco exposure is implemented in Ukraine
and the European professional space in different ways. For
Ukrainian dental practice, the most realistic is the gradual
adaptation of individual elements of European experience,
primarily brief clinical interventions, professional algo-
rithms of dentist actions and educational support for the
implementation.

The limitations of Ukrainian practice and directions
for adapting European experience. The analysis showed
that the main limitations of Ukrainian practice in the field
of anti-smoking interventions in dentistry are associated
with insufficient standardisation of preventive counselling,
limited formalisation of the dentist’s role, and weak integra-
tion of such interventions into routine clinical care. There
are no clear algorithms for brief counselling, standardised
recording of the patient’s tobacco status, and defined rout-
ing of individuals who need help in quitting smoking. This
indicates that the dental office in Ukraine is viewed as a po-
tential, rather than an institutionally established, environ-
ment for preventive intervention. This situation reduces the
reproducibility of anti-smoking practices in the dentist’s
daily work and increases the dependence of the implemen-
tation on the individual initiative of the specialist. Addi-
tionally, the implementation of such approaches is compli-
cated by organisational, personnel, and resource limitations
of the health care system, which reduces the possibility of
direct transfer of developed European models to domestic
dental practice. Organisational constraints include the lack
of standardised action algorithms, insufficient formalisa-
tion of patient routing, and weak integration of anti-smok-
ing counselling into the standard clinical route. Staffing
constraints are manifested in the uneven level of training
of dentists in brief behavioural intervention, the deficit of

communication skills in motivational counselling, and un-
certainty in the own professional role. Resource constraints
are associated with the lack of time within the framework
of a regular appointment, the absence of a separate infra-
structure for specialised care, and the need to implement
new elements of prevention without significantly increas-
ing the burden on the existing dental service.

One of the most notable constraints is the lack of
standardisation of preventive counselling in everyday den-
tal work. In the Ukrainian context, a general understand-
ing of the feasibility of helping people who want to quit
smoking prevails, but clear clinical steps that the dentist
should perform during each appointment are less often de-
scribed [30]. This situation reduces the reproducibility of
preventive practice, since the effectiveness of the interven-
tion begins to depend on the individual initiative of a par-
ticular doctor, and not on an established professional algo-
rithm. In the European professional space, on the contrary,
there is a tendency to use more structured models - very
brief counselling, short clinical algorithms, assessment of
the patient’s readiness for change and further guidance [15;
28]. It is such algorithmisation that creates the conditions
for preventive counselling to become not a random ele-
ment of the appointment, but its expected component. Giv-
en the organisational limitations of Ukrainian practice, the
most realistic is the implementation of short standardised
algorithms suitable for use during each dental appointment
without complex restructuring of the clinical process.

Another limitation of Ukrainian practice is the insuf-
ficient formalisation of the role of the dentist as a partici-
pant in helping to quit smoking. The emphasis is on general
mechanisms for supporting people who want to quit smok-
ing, or on the level of preventive awareness of patients [30;
46]. However, the professional role of the dentist as a spe-
cialist who should not only record the consequences of to-
bacco use, but also initiate behavioural intervention, is not
clearly described. In the documents of the World Dental
Federation, this role is better defined: the dental worker is
considered as a subject of early detection of tobacco use,
brief counselling, motivation to quit and inclusion of the
patient in the further path of care [15; 16]. This creates an
important guideline for Ukraine: the adaptation of Euro-
pean experience should begin not only with individual
counselling techniques, but with a clear professional recog-
nition that anti-smoking intervention is part of the dentist’s
tasks. In practical terms, this means the need for regulatory
and organisational consolidation of the minimum scope of
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actions of the dentist: routine inquiry about tobacco status,
brief advice on smoking cessation and, if necessary, basic
referral of the patient to further care.

The educational component also remains a deterrent.
The comparison showed that in the European academic
environment, the topic of smoking cessation is integrated
at the undergraduate and postgraduate levels, where the
knowledge of dental students, the attitude to anti-smoking
programmes and the results of special training modules
are studied separately [47; 49]. This indicates the institu-
tionalisation of the topic even before the young specialist
enters independent practice. In Ukrainian publications,
the educational aspect is less evident, which indicates the
limited preparedness of the dentist to confidently conduct
anti-smoking counselling. In this regard, the most realistic
areas of adaptation are the inclusion of the topic of tobac-
co counselling in dentist training programmes, cycles of
continuous professional development and internal clinical
training. Such a solution is practically achievable, since it
does not require a radical restructuring of the dental care
system, but it can change the level of readiness of specialists
for intervention. Given staffing constraints, priority is giv-
en to short training modules, typical counselling scenarios,
internal protocols and postgraduate educational formats
aimed at developing basic competencies: identifying tobac-
co status, briefly explaining dental risks, assessing patient
readiness for change and providing basic referrals. This
approach is important in conditions where dentists work
in different organisational circumstances, have different
previous experience and cannot always undergo long-term
specialised training.

The issue of routine integration of anti-smoking inter-
ventions into dental practice also requires attention. Based
on a comparison of Ukrainian and European experience,
it can be argued that one of the most realistic steps for
Ukraine is to include an assessment of tobacco status in a
standard patient survey. Such an action is technically not
difficult, but has high practical value, since it moves the
problem from the level of an optional conversation to the
level of a mandatory clinical parameter. The next step could
be a short-standardised counselling tied to specific dental
changes identified during the examination. The advantage
of this approach is that it uses the existing clinical situa-
tion as an argument for motivating the patient and does not
require a separate long visit. Further implementation may
include the development of local algorithms for referring
the patient to a family doctor, addiction treatment special-
ist, or appropriate smoking cessation support programmes.
It is this kind of phased integration that seems more real-
istic for Ukrainian practice than an attempt to introduce
comprehensive multi-component models all at once. Giv-
en resource constraints, it is important that such a model
does not require the creation of separate offices, additional
staff, or specialised infrastructure, but can be implemented
within the existing clinical practice. That is why the most
appropriate model for Ukrainian dental practice is a re-
source-saving implementation model that combines stand-
ardised inquiry about tobacco status, brief personalised
advice, recording the answer in clinical documentation,
and a simple mechanism for further referral. A flowchart
is presented to summarise the logic of adapting European
experience to Ukrainian dental practice (Fig. 1).

Identified limitations in Ukraine

« absence of standardised preventive counselling

« limited formalisation of the dentist’s role in smoking cessation

« insufficient educational training of dentists

« weak integration of anti-smoking interventions into routine appointments
« limited opportunities to introduce additional services without increasing the appointment workload

Elements of European experience suitable for adaptation

« very brief counselling and short clinical algorithms
« professional guidelines for dentists
« inclusion of tobacco counselling in specialist training

« organisational integration of interventions into routine dental care

. 4

Realistic implementation steps in Ukraine

« recording tobacco status during each dental appointment

« brief advice linked to identified dental changes

« development of a short professional algorithm for dentists’ actions

« training modules and postgraduate training
« referral of the patient to further care

¥

Expected result

« strengthening the preventive function of dental practice
« early detection of tobacco exposure
« increased participation of dentists in smoking cessation

« stronger integration of anti-smoking interventions into routine dental care

Figure 1. Step-by-step adaptation of the European standard in Ukrainian dentistry
Source: compiled by the author based on World Health Organisation [12], Law of Ukraine No. 2899-1V [13], Council of
the European Union [14], FDI World Dental Federation [15; 16]
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The above flowchart shows that the adaptation of Euro-
pean experience does not require mechanical transfer of all
models in an unchanged form. A more appropriate step-by-
step approach is one that first eliminates the most obvious
gaps: the lack of a standardised question on tobacco status,
the lack of short action algorithms and insufficient training
of dentists. After that, elements of routing, postgraduate
training and professional regulation can be expanded. Such
a sequence is realistic for the Ukrainian context, as it com-
bines clinical feasibility with organisational feasibility. The
practical value of this model is that each subsequent stage
can be implemented without a critical increase in the load
on dental appointment and without the need for significant
additional resources. Thus, the adaptation of individual
European approaches can become practically achievable
by strengthening the preventive function of dentistry in
Ukraine and increasing the role of the dentist in the system
of assistance for smoking cessation.

In general, the results of the analysis showed that smok-
ing and the use of alternative nicotine products have a mul-
ti-vector negative impact on the condition of the oral cav-
ity, covering periodontal tissues, mucous membrane, oral
hygiene status, dental hard tissues and the results of restor-
ative treatment. It was established that dental practice has
real potential for early detection of tobacco consumption,
preventive counselling and support for smoking cessation,
however, the level of formalisation of such interventions in
Ukraine remains lower than in the European professional
space. This gave grounds to consider the standardisation of
short clinical interventions, routine assessment of tobacco
status, professional training of dentists and adaptation of
relevant European models as the most realistic directions
for strengthening the preventive function of dentistry. Tak-
ing into account the organisational, personnel and resource
limitations of the health care system, such changes should
be implemented in stages, starting with those solutions that
can be integrated into everyday dental practice without
structural complications.

Conclusions

The results of the analysis showed that smoking and the use
of alternative nicotine products are associated with a com-
plex of dental changes that include periodontal tissues, oral
mucosa, oral hygiene status, dental hard tissues and restor-
ative materials. The most consistent link between smoking
and worsening periodontal status, a higher incidence of
periodontal tissue lesions and an unfavourable course of
the inflammatory process, was observed in the sources. It
was shown that electronic cigarettes, vaping, and heated
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tobacco products do not eliminate dental risk, but form
a different format of nicotine exposure, which is also ac-
companied by changes in oral health. Preventive counsel-
ling in dental practice includes identifying tobacco status,
brief advice on smoking cessation, assessing the patient’s
readiness for change and further support or referral. It was
established that the dental office is a suitable environment
for anti-smoking interventions, since clinical changes in
the oral cavity enhance the persuasiveness of the preventive
message. At the same time, the implementation of such ap-
proaches depends on the training of the dentist, the avail-
ability of clear algorithms of actions and communicative
readiness for behavioural support of the patient.

The comparative analysis showed that Ukraine and
the EU countries have a common orientation towards re-
ducing the tobacco exposure, but differ in the level of in-
clusion of dentistry in this policy. In Ukraine, the general
regulatory framework of tobacco control is well presented,
however, dental intervention models are less formalised.
In the European professional space, along with regulatory
recommendations, professional guidelines, educational
support and more structured models of brief counselling
are observed. This gives grounds to consider the stand-
ardisation of preventive counselling, routine assessment
of tobacco status, professional training of dentists, devel-
opment of clinical algorithms and phased integration of
anti-smoking interventions taking into account organ-
isational, personnel and resource constraints as realistic
directions for adapting European experience to Ukrainian
dental practice.

The limitations of the study were that its conclusions
were formed on the basis of theoretical generalisation of
scientific, normative and analytical sources without involv-
ing its own empirical data, which limited the possibility of
directly assessing the effectiveness of anti-smoking inter-
ventions in real dental practice. Further research should be
associated with conducting empirical work aimed at assess-
ing the effectiveness of standardised preventive counsel-
ling, brief anti-smoking interventions and patient routing
models in routine dental practice in Ukraine.
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AHTUCMOKIHIOBi NPOrPAaMM B CTOMATOAOTII:
NOPIBHAABHMU AHAAI3 NiAXOAIB YKpaiHM Ta KpaiH €C

borpan KpaBuenko

AcCnipaHT

HALIOHOABHMM YHIBEPCUTET OXOPOHU 3A0POB'S YKPAiHM imeHi M.A. LLynuka
04112, ByA. AOporoxuupbka, 9, m. Kuis, YkpaiHa
https://orcid.org/0009-0003-4511-1994

AHoOTALiA. MeTa JOC/iPKEHHS TIO/IsATaIa Y IOPIBHAHHI MIXOMIB 10 TPO(IIAKTUKY TIOTIOHONAIIHHS B CTOMATOIOT IHii
mpaktuii Ykpainu Ta jepkaB €pomneiicbkoro Corosdy. [locmimpkeHHA Oyl10 BMKOHAaHO SK aHIITUYHMIL OIJIAX
JiTepaTypu 3 eJleMeHTaMy NIOPIBHAIBHOIO aHaJIi3y, y Me)kax AKoro 6y/o ompanboBaHo 38 mxeper 3a nepion 2005-2026
POKIB; 3a JJOIIOMOrOI0 aHaJIi3y BMBYa/IM CTOMATOJIOIIYHI HAC/IAKYU TIOTIOHONAIIHHA Ta IifXOAU O IPOQiTaKTUIHOrO
KOHCY/IbTYBaHH:, 3a JOIIOMOTOI0 IOPiBHAHHA 3iCTaB/LAMM MPaKTUKM YKpainu i sep>kaB €ppormericpkoro Comsy, a 3a
IOIIOMOTOI0 y3arajbHeHHA (pOPMYIIIOBaIN CIIIbHI PYCH, BITMIHHOCTI Ta HaIlpsAMM aflalTalil €BPONENICHKOTO JOCBiTY.
AHati3 mpKepert 3acBif4MB, IO TIOTIOHONA/IIHHA Ta BUKOPUCTAHHA a/IbTePHATUBHUX HIKOTMHOBUX IIPOAYKTIB IIOB’A3aHi
3 KOMIIIEKCOM CTOMATOJIOTIYHMX 3MiH, AKi OXOIUIIOIOTh TKaHMHU IIAPOJIOHTY, CIM30BY OOOJIOHKY IOPOXHUHM POTa,
ririeHiYHMi cTaTyc, TBepAi TKaHMHM 3y0iB i pecTaBpauiiini Marepiamu. BcTaHOB/IEHO, [0 CTOMATOJIOr YHA IpaKTHUKa
Mae npodiTaKTUYHUI OTEeHIial IjI1 PaHHbOI'O BVABJICHHA TIOTIOHOBOTO CIIOXKVIBAHHA, KOPOTKOIO KOHCY/IBTYBaHHA
Ta IATPMMKM BiIMOBM Bif KypiHH:, OfHaK piBeHb (opMaiisauii Takux BTpy4aHb € HepiBHOMipHMM. B VYkpaini
YiTKillle ITpe/ICTAaB/IeHNIl 3arajJibHuil HOPMAaTUMBHO-IIPABOBUI KapKacC TIOTIOHOBOIO KOHTPOJII, TOAI fAK Y JeprKaBax
€spornericbkoro Coro3y 0i/bIlI BUPa3HO IIPOCTEXYIOTHCA MPodeciiiHi HaCTaHOBY, OCBITHA IIATPUMKA Ta CTPYKTYpOBaHi
MoJielli KOHCY/IbTyBaHHA. BusHaveHo, 10 HalipealiCTMYHIIIMMM HanpsAMaMM afalTallii €éBpOINEeNChbKOro OCBify HO
YKpalHChKOI CTOMATOJIOTIYHOI NPAaKTUKM € CTaHAApTU3alid Mpo¢iTakTUYHOIO KOHCYIbTYBAaHHA, PYTMHHA OLliHKa
TIOTIOHOBOI'O CTaTyCy, IpodeciiiHa IifroTOBKa CTOMATONOrIB i BIPOBA/PKeHHA KOPOTKUX KIIHIYHUX alrOpUTMIB.
Opep>xaHi pesynbTaTy MigTBEPANUIN JOLIIbHICTD iHTerpallii aHTUCMOKIHTOBUX BTPY4YaHb Y PYTMHHY CTOMATOJIOTidHY
MPaKTUKY Ta aflanTalii CTPyKTypOBaHUX €BPOIECHKIUX MiIXO/iB 10 YKPaiHCHKOTO KOHTEKCTY. OTpuMaHi JjaHi MOXYThb
OyTM BMKOPMCTAaHI CTOMATONOTAaMM, BUK/IafladaMyl 3aKjIafiB BMINOI MeAVYHOI OCBiTM, OpraHisaTopamMu OXOpPOHMU
3[0pOB’AA, PO3pOOHMKaMM KITiHIYHUX peKOMeHfaliil i mporpaM IiC/IARMIUIOMHOI HiATOTOBKM /I BJOCKOHAJIEHHA
po¢iIaKTUYHOrO KOHCY/IbTYBAaHHA, NpodeciliHuX anropuTMiB Aiif Ta opraHisanii aHTMCMOKIHIOBUX BTPy4YaHb y
CTOMATOJIOTiYHil JOTTOMO3i

KAIO4OBi CAOBQ: TIOTIOH; HIKOTIH; TAPOIOHT; MOPOXKHUHA POTA; NPOdiTaKTHIHE KOHCY/IbTYBAHHSA; TIOTIOHOIATIHHSA;
aJbTepHaTUBHI popMu namiHHA
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