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Abstract: The genetic basis of ischemic stroke (IS) remains unexplored. In this research we compared the
lists of candidate genes obtained with three approaches: classical genome-wide association studies (GWAS),
cluster-based GWAS and transfer of transcriptome data from rat to human subjects. The risk genes of IS
downloaded from three online repositories were also included into consideration. Human orthologues of rat
genes demonstrated good presence in public repositories thus pointing the potentials of rat data transfer ap-
proach. Different search strategies resulted in almost unique sets of candidate-genes. We assumed the ap-
proaches considered complement each other. The studies of genetic basis of multifactorial diseases can ben-
efit from multiple research strategies.

Keywords: ischemic stroke, genome-wide association studies, animal models, genes

1. Introduction

Ischemic stroke (IS) is a multifactorial disorder with heritability reaching up to 40% depend-
ing on its subtypes [1]. About 80 genes are found to be associated with IS [2] but its genetic basis
remains underexplored [3]. The key approaches to identify risk genes are linkage analysis, candi-
date gene studies and genome-wide association studies (GWAS), among which the last one was
the most productive. Nevertheless, it has some limitations, which consequences are incomplete
set of genetic markers and low reproducibility. Previously we introduced two promising exten-
sions of GWAS and candidate gene approaches. Firstly, we demonstrated that statistical tests of
individual single nucleotide polymorphisms (SNPs) can be elaborated with clustering approaches
resulting in blocks of linked SNPs [4]. Secondly, we proposed and applied the protocol for the
translation of the results obtained from rat models of IS into humans [5-8]. Here we present the
results of comparative analysis of genes obtained with traditional and cluster-based GWAS and
with transcriptome analysis of rat brains under ischemic conditions (Figure 1). Risk genes re-
trieved from three public repositories were also included into comparisons.

[ |
classical GWAS cluster-based GWAS

rat-human transfer

35 genes 135 genes 17 genes, which 7
W, N were associated Y,
\‘/ Y

from 100 to 300 for case or
control of Russians

5581 (4929 case, 652 control) of European ancestry

Figure 1. Candidate gene searching strategies

2. Patients and Methods

We explored SNPs in 17 genes obtained by transferring rat genes expressed differentially un-
der tMCAO into human genome, genotyped them by real-time PCR in a cohort of individuals self-
identified as Russians [5-8]. Seven of these genes were found to be associated with IS. The classical
and cluster based GWAS were made for 5581 individuals with European ancestry (4929 cases and
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652 controls). The first one consisted of statistical testing of individual SNPs under different mod-
els of inheritance, the second one utilized SNP grouping with density-based spatial clustering al-
gorithms DBSCAN [9] and HDBSCAN [10] followed by haplotype inference and statistical testing
[4]. Previously we did not include the intergenic SNPs in downstream analysis. Now all SNPs were
annotated and genes thus obtained considered. The annotation was made with snpEff software
[11]. We also considered 131 genes associated with IS from Monarch Initiative (monarchinitia-
tive.org, accessed on 13 June 2023) [12], 1159 genes from DisGeNET (disgenet.org, accessed on 7
October 2022) [13], and 400 genes from GWAS Central (gwascentral.org, accessed on 2 April
2023) [14].

3. Results

The classical GWAS revealed 29 SNPs significantly associated with IS, while cluster-based
GWAS detected 666 and 892 SNPs from blocks associated significantly for DBSCAN and HDB-
SCAN, respectively [4]. The p-values in both approaches were < 0.05 after Bonferroni correction.
These SNPs can potentially affect 35 (classical GWAS), 1035 (DBSCAN) and 1362 (HDBSCAN)
genes. The number of common genes for both algorithms of clusterization consisted of 135. They
were further analyzed. This resulted in 13 common genes between classical and cluster-based ap-
proaches. The gene RUNXI detected with classical GWAS and seven genes (USF1, CD34, KIF26B,
MSX2, LHFPL3, RUNXI, and LGALS2) identified with cluster-based approach were presented in
online repositories. Seventeen genes analyzed within rat-human approach contained 6 genes
(CC1.23, HSPBI, PTX3, CD14, LGALS3, and TSPO) from DisGeNET and RGS9 from GWAS Cen-
tral (Figure 2)

DisGeNet MI

GWAS Central Transfer

Figure 2 The intersections of candidate genes determined by rat-human transfer ap-proach with known
genes in online repositories.

Neither of 7 genes validated by rat-human transfer protocol were presented in the results of
classical or cluster-based GWAS. However, two of such genes, LGALS3 and PTX3, were presented
in DisGeNET. Among three online resources of genes associated with IS, DisGeNET had the high-
est number of unique genes, that is 68.6%, while Monarch Initiative has the lowest number (2.4%).

4. Discussion

The number of candidate genes obtained previously for European cohort with cluster-based
approach in-creased from 88 to 135 because of inclusion into consideration the intergenic SNPs.
Classical and cluster-based GWAS resulted in 13 common genes, thus demonstrating 14% and 78%
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of unique genes, respective-ly. We hypothesized cluster-based GWAS detects the genes missed
by classical one since it is less influ-enced by multiple testing correction. We saw cluster-based
approach resulted in more candidate genes than classical GWAS and it had greater fraction of
genes in common with public resources. Therefore, it makes sense to consider the results of both
approaches together. Last years, we have elaborated the protocol that allowed transferring the re-
sults of transcriptome analysis of rats under model ischemia into human studies. It is interesting
to compare the results obtained with human genomic and rat transcriptomic data analysis. Previ-
ously we examined 17 human orthologues of rat genes expressed differentially under tMCAO [5-
8]. All of these genes except CHRM4 were presented in GWAS data since the SNPs affecting them,
according to snpEff, were genotyped and tested. Now we found that seven genes validated with
rat-human transfer protocol were not reproduced by classical or cluster-based GWAS. Nine genes
that were not verified with rat-human approach were also absent among the significant results of
both GWAS approaches. It is clear that this comparison is preliminary, and more genes pro-
cessed with transfer protocol should be considered. This is supported by the presence of 7 out of
17 genes considered in online repositories as being associated with IS. We believe this indicates a
possibility for rat transfer protocol being further applied. For example, other model animals can
be analyzed in similar way, allowing new genes associated with IS to be identified.

5. Conclusions

The comparison of three strategies for searching the candidate genes of IS on the level of gene
lists showed that they complement each other. A combination of these methods can reinforce the
studies of genetic underpinnings of ischemic stroke and other multifactorial diseases.

6. Prognosis and Conclusion

The natural history of Moyamoya disease tends to be progressive in children and adults. In
studies with long-term follow-up of untreated patients, progression of neurological deficit and
poor outcome were reported in 50-66% of cases. Radiographic progression within five years of
diagnosis was noted in 36% of children with moyamoya. Vascular pathology is usually aggravated
by extensive occlusion of intracranial large arteries and collateral circulation. Patients often suffer
from cognitive and neurological decline due to recurrent ischemic stroke or hemorrhage.

Application of artificial intelligence: The review is written without the use of artificial intelligence technol-
ogies.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
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Abstract: Rationale. Verification of chronic generalized periodontitis is rated among the most promising ar-
eas of personalized therapy. Osteodestructive changes will inevitably lead to tooth loss. Correction of micro-
circulatory disturbances, which constitute one of the factors indicating the hemostasis of periodontal tissues,
may help reduce the financial burden faced by the entire healthcare system when offering medical assistance
to the respective category of patients.

Aim of study. This study was aimed at determining the role of combined laser and EHF irradition in the
pathogenetic therapy offered to cases of chronic generalized periodontitis.

Materials and methods. The whole set of periodontal treatment procedures offered to 40 patients was ex-
panded with a combination of laser and EHF irradiation (MATRIX unit). As the study was carried out, clin-
ical and laboratory values were recorded, as well as an assessment of the indicators for periodontal tissues
was done, namely, measures were taken for the pocket depth; the contents of the pocket discharge was iden-
tified; the Muhllemann-Cowell index, the papillary-marginal-alveolar index (PMA), the plaque index (PI),
and the oral hygiene index (OHI) were evaluated, along with the hemostasis system microcirculatory link
studied - the platelet functional activity (adhesion and aggregation), in particular.

Results. The comprehensive treatment of periodontitis, which included combined laser and EHF irradiation,
resulted in an improved clinical status: the depth of periodontal pockets revealed a decrease, whereas no
suppuration was to be observed. The improvement in the periodontal tissues came along with positive dy-
namics of the following indices — the PMA index featured a statistically significant decrease; the PI values
showed a change to a lesser extent compared to the PMA index, yet also within the statistically significant
range; the oral hygiene improved, which manifested itself through an increase in the OHI values. Notable is
that the difference in the index values taken prior to the comprehensive treatment and following it, was sig-
nificant. This change in the indices is related closely to changes in the aggregation and adhesive capacity of
platelets.

Conclusion. Given the above, the obtained data point at high efficiency of the combination of laser and EHF
exposure introduced into the set of treatment measures offered for periodontal diseases. The clinical and la-
boratory data are important both as a theoretical expansion to the available knowledge and from the practical
stance. Platelet functional activity indicators are important markers of inflammation issues affecting perio-
dontium. The study outcomes allow viewing the combination of laser and EHF irradiation as an effective
component of comprehensive treatment for the said pathology, as well as recommend it be introduced into
the treatment plan.

Keywords: chronic generalized periodontitis, combined laser and EHF irradiation, disturbed microcircula-
tion, index evaluation for periodontal tissue status.
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1. Introduction

Diseases involving periodontium are one of the most complex pathologies faced by dentists,
both in the Russian Federation and abroad, while ranking second in prevalence giving way to den-
tal caries. As reported by the World Health Organization (WHO), 95% of the adult population
and 80% of children globally, have been diagnosed with various clinical manifestations of inflam-
matory periodontal diseases (IPD) [1]. The overall medical and social role of IPD, taken as a special
section within dentistry, is due to the following factors: high incidence; diverse etiology; tendency
to progression; significant issues in arriving at stable remission; mild symptoms through the early
stages; an increase in the number of young capable population featuring severe destructive and
atrophic periodontal changes; possible loss of intact teeth; chronic infection foci arising due to the
development of gingival and periodontal pockets, as well as their role in the occurrence of general
somatic pathology [2-10]. The protective and compensatory periodontal mechanisms and the hu-
man body status as a whole is a factor that determines the prevalence and intensity degree of the
inflammatory process [11-15].

Gingivitis and periodontitis account for the most common pathologies in the structure of
periodontal diseases. The two health issues in question rely on inflammation, a typical pathological
process based on changes occurring through the effects of periodontal pathogens [16-18].

The clinical picture of chronic generalized periodontitis in its early stages can be described
by a low-manifest and latent course, which makes setting diagnosis in due time complicated and,
respectively, leads to a later start of proper treatment and rehabilitation measures [19].

Microcirculation disorders associated with increased activity of the vascular-platelet hemo-
stasis link play a key role in the IPD pathogenesis. Patients with chronic generalized periodontitis
have disturbances involving both the aggregation-related function of platelets and their adhesive
activity, whereas it is the severity of the disease course that is decisive for the degree of such dis-
turbances [20-24]. One of the most significant effects wrought by helium-neon laser radiation is a
positive impact it has on microcirculatory issues. There are results of numerous studies available,
which confirm a significant decrease in blood viscosity and platelet aggregation activity. An im-
portant point about the hypo-coagulation effect of low-intensity laser radiation is the improve-
ment in the kallikrein-kinin system values [25].

One of the mechanisms behind laser radiation effects is the generation of secondary weak
radio emission belonging to the EHF band. A certain part of the biological effects of low-intensity
laser radiation may be mediated by this endogenous EHF effect [25]. The advantage of such an
impact implies high efficiency, non-invasiveness, none of any adverse responses and contraindica-
tions to use, low cost, and good compatibility with other methods [26].

Cells are known to produce electromagnetic vibrations of a very wide range through their life
cycle. However, the predominantly narrow range of EHF waves is employed by cells to exchange
information required to regulate intracellular functions and intercellular interaction [25,26]. An
extra piece of proof to this idea is a response appearing on the side of both cells and the body as a
whole, to low-intensity, informational influences [27].

Numerous studies have revealed that the best result when dealing with treating inflamma-
tory periodontal diseases can be expected through combined treatment only, which includes etio-
logical, pathogenetic and symptom-bound therapy [27]. Physiotherapeutic effects serve an ex-
tremely valuable component of combined treatment offered to cases of inflammatory periodontal
diseases. Effective treatment of microcirculatory disorders determines largely the overall treat-
ment in patients with inflammatory periodontal diseases and has a significant effect on the course
of the diseases mentioned above [26]. Treating such disorders via non-medication methods, unlike
pharmacotherapy, entails no side effects, and given their significant effectiveness, can be recom-
mended as a component of comprehensive treatment for patients suffering from inflammatory per-
iodontal diseases.

Aim of study

The study was aimed at identifying the role that combined laser and EHF irradiation have in
the pathogenetic therapy of chronic generalized periodontitis.

2. Materials and Methods

The examination carried out within the study involved 40 patients with periodontitis, whose
comprehensive treatment included the combined effects of laser and EHF irradiation (MATRIX
device). Through the study, clinical and laboratory parameters were recorded, as well as an assess-
ment carried out for the indicators showing the status of periodontal tissues: measures were taken
for the pocket depth; the contents of the pocket discharge was identified; the Muhllemann-Cowell
index, the papillary-marginal-alveolar index (PMA), the plaque index (PI), and the oral hygiene
index (OHI) were evaluated, along with the hemostasis system microcirculatory link studied,
namely, the platelet functional activity (adhesion and aggregation).
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Platelet adhesion and aggregation were evaluated by the impedance method, the principle of
which implies recording microcurrents flowing in a special electrode unit when it is immersed in
a blood sample. During that, the change in the impedance (resistance) of the electrode system is
measured. The impedance increase is in a direct proportion to the platelet mass deposited on the
electrode unit. The impedance kinetics allows quantifying the kinetics of the aggregation process.
The initial contact of the electrodes with the blood sample results in a platelet monolayer devel-
oping on them. Then, as agonists are added (ADP, collagen, arachidonic acid, ristocetin, etc.), there
is a gradual aggregation of platelets on the electrodes happening, which leads to some typical
changes in the electrical properties of the system.

This method also allows taking into account the leukocyte-platelet adhesion phenomenon
observed in some patients’ samples. The following parameters were used for quantifying aggrega-
tion: the degree of aggregation, which is estimated by the maximum aggregatogram amplitude,
which corresponds to the maximum increase in the resistance at the electrode following the intro-
duction of the inductor; the aggregation rate, which is estimated by the aggregatogram amplitude
I minute following the aggregation start; the delay time - estimated by the time in seconds elapsed
after the inductor addition and prior to the start of aggregation registration; the area under the
aggregation curve — the product of the amplitude and the rate of its development.

The obtained data statistical processing was performed using the EXCEL and STATISTICA
6.0 software package, with the average value and the average error determined based on the Stu-
dent and Mann-Whitney reliability criteria.

3. Results

An objective examination of the patients with generalized periodontitis undergoing treat-
ment showed a significant decrease or complete disappearance of inflammation affecting the free
and attached gums. Respectively, the depth of periodontal pockets featured a decrease (from
5.28+0.17 mm to 4.04+ 0.24 mm), whereas their suppuration was no longer to be observed. Apart
from the clinical improvement, there was also positive dynamics registered in the indices. The pa-
pillary-marginal-alveolar index demonstrated a statistically significant decrease, if compared to
the values obtained prior to the treatment (mild chronic generalized periodontitis cases — by
82.76+3.62%; patients with moderate degree — by 81.1+3.29%; severe cases — by 75.35¢2.98%) (Ta-

ble).
Table 1. Changes in the indices due to the effect of laser and EHF irradiation treatment in patients with
periodontitis
Index
Oral hygiene Papillary-marginal- | Periodontal index,
index, points alveolar index, % points
Group
Control (n = 20) 1.03(0.9;,1.2) 3.21 (115.3) 0.032(0.012;0.09)
o & 2.12(1.8;2.2) 47.75 (40.1,52.4) 3.47 (2.9;4.1)
e é’ Z1=3.71; Z1=5.17; Z1-4.67;
° 2 § p1=0.000205 p1=0.000001 p1=0.000003
2 % ) -8
A=t N
= 5 O - 117 (0.9;1.4) 8.23 (4.9;12.6) 174 (1.2;3.5)
3 = | 8§ Z1-1.47, Z1=2.51; Z1=2.74;
'% E § p1=0.140895; p1=0.012093 p1=0.006190;
_§~ :O & Z22-3.92; Z22-4.67; Z22=2.05;
8 p2-0.000089 p2-0.000003 p2-0.040057
§ o & 2.24(212.4) 65.6 (51.6;76.8) 4.25(3.9;4.8)
% o g Qé Z1-4.33; Z1=5.32; Z1=5.07;
% g E :j p1=0.000015 p1=0.000001 p1=0.000001
= 5 ~ g
_g LC: 81 o o 1.34 (1.2;1.6) 12.41 (5.6;17.1) 2.25(1.8;2.6)
© —43 S| g g Z1=2.43; Z1=3.11; Z1=2.74;
2O % g p1=0.015247; p1=0.001866; p1=0.006190;
Eo § Z2=31]; Z2-5.18; Z2-4.00;
- p2-0.001866; p2-0.000001 p2-0.000063
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o & 262 (2.5:2.9) 84.4 (78.2:87.3) 637 (5.97.1)
g Z1-4.29; Z1-6.87; Z1-5.87,
Y é g p1-0.000018 p1-0.000001 p1-0.000001
5 _ 5
S8 162(15; 1.8) 208 (17.6:242) 413 (3845)
s&| ZE 71-2.63; Z1-4.58; Z1-315
3 £ p1-0.008443; p1-0.000005; pl1-0.001866;
E; g 72-3.82; 72-6.68; 72-4.58;
p2-0.000136; p2-0.000001 p2-0.000005

Note: each case demonstrates the average value, the lower and the upper quartiles
(25%;75%); Z1, pl — compared with the control group; Z2, p2 — compared with the group of
patients prior to treatment.

The periodontal index showed a smaller change (in patients with mild chronic generalized
periodontitis — by 49.85+2.08%; in cases of moderate degree — by 47.0+2.31%, whereas patients
with severe course featured a decrease of 35.16+1.88%), which, however, fell within the statistically
significant range (p<0.05). This can be accounted for by the treatment eliminates inflammatory
phenomena in periodontal tissues only, yet do not eliminate the periodontal pocket. Along with
inflammation subsiding, there was an improvement noted in the hygiene status of the oral cavity,
which expressed itself through positive dynamics in the oral hygiene index values (Table). A com-
parison of the indices before and after the treatment made it obvious that the best clinical results
were to be observed after treatment with the MATRIX unit, the difference in the indices being
significant (p<0.05).

The changes in the indices correlate closely with changes in platelet aggregating and adhesive
capacity [26]. The identified correlations of clinical and laboratory data are of importance both in
view of theoretical understanding and of practical application. From the theoretical stance, the
data explain the mechanism behind pathogenetic changes in periodontal tissues in case of inflam-
matory diseases. As far as practical use is concerned, platelet functional activity indicators consti-
tute important differential and diagnostic criteria for evaluating inflammatory periodontal dis-
eases [27].

4. Discussion

Comprehensive treatment employing combined laser and EHF irradiation results in a signif-
icantly improved clinical course of inflammatory periodontal diseases. This is to be seen from a
statistically reliable improvement in the oral hygiene index, the papillary-marginal-alveolar index,
as well as the periodontal index. Combined laser and EHF irradiation with a MATRIX device al-
lows putting to a quick stop inflammation in periodontal tissues and prepare patients for the sur-
gical stage of treatment, also preventing complications [28].

The above means that the obtained data serve proof to a high efficiency of combined laser and
EHF exposure if used as a pathogenetic therapy aimed at improving the hemostasis system micro-
circulatory link.

5. Conclusion

When dealing with patients suffering from chronic generalized periodontitis, there is a need
to study the aggregation and adhesive activity of platelets, which is to be done through laser ag-
gregatometry.

Combined laser and EHF exposure has a significantly positive effect on the status of the he-
mostasis system microcirculatory link in patients with chronic generalized periodontitis. The
most pronounced effect can be observed in mild and moderate cases.

The high efficiency obtained through combining the effects of laser and EHF irradiation when
treating microcirculation disorders is due to an increase in the adhesive and aggregating capacity
of platelets, and this allows proposing the said method to be used as part of the comprehensive
treatment administered to patients suffering from the respective pathology.

Application of artificial intelligence:
The article is written without the use of artificial intelligence technologies.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Due to the widespread use of drug therapy in the treatment of oncological diseases in the practice
of a radiologist, various manifestations of its damaging effects on the liver parenchyma have become more
common. One of these side effects is sinusoidal obstruction syndrome, in which a violation of microcircula-
tion develops at the level of the sinuses of the hepatic lobes. Developing pathological changes in the liver
parenchyma of a vascular, structural and functional nature can simulate the progression of the oncological
process. Also, late diagnosis of drug toxicity can lead to the development of irreversible changes - liver cir-
rhosis, portal hypertension. Thus, diagnosing sinusoidal obstruction during various medical imaging meth-
ods is an urgent task for a radiologist.

Keywords: sinusoidal obstruction syndrome, computed tomography, magnetic resonance imaging, chemo-
therapy

1. Introduction

Sinusoidal obstruction syndrome (SOS), formerly called veno-occlusive disease, is a life-
threatening complication that is associated with high-dose chemotherapy. SOS often develops
rapidly and unpredictably. It is important to identify risk factors that will allow timely diagnosis
of this complication and initiation of appropriate therapy [1].

It is believed that with SOS there is a toxic effect on the sinusoidal endothelium, endothelial
cells, which leads to damage to the sinusoidal barrier [3], giving the liver a bluish tint. This primary
damage to the endothelium leads to extravascular release of red blood cells, leukocytes and other
blood cells into the space of Disse, which can lead to thrombo-fibrinolytic balance, further dissec-
tion of the endothelial lining with embolization and venular occlusion [4]. In the future, hepato-
renal hypertension may develop with the development of multiorgan failure.

SOS can manifest itself in acute (1-3 weeks), subacute and chronic phases. Chemotherapy
regimens associated with this condition include oxaliplatin, cisplatin, cyclophosphamide and vin-
cristine [2].
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Clinically, patients with SOS present with jaundice, hepatomegaly, weight gain, abdominal
pain, and encephalopathy [4]. Chronic SOS can progress to liver cirrhosis.

When using instrumental research methods for SOS, hepatosplenomegaly, ascites, edema-
tous thickening of the gallbladder wall, portosystemic shunts and periportal edema are detected.
When ascites is detected, it is important to confirm the diagnosis of SOS and carry out a differen-
tial diagnosis with malignant ascites associated with the spread of the pathological process
through the peritoneum or metastases [7,11]. In surgical patients, the presence of signs of portal
hypertension is important because these signs are potentially associated with a worse prognosis
for patient survival due to an increased risk of bleeding or liver failure after surgery [6].

2. Diagnostics

Contrast-enhanced CT shows heterogeneous enhancement in the arterial and portal phases
of the scan, which is explained by perfusion abnormalities characterized by a “mosaic pattern” or
diffuse linear areas of low density resulting from hepatic congestion, which in the delayed phase
of scanning may merge with the liver parenchyma [14].

A diffuse reticular pattern in the hepatobiliary phase of contrast-enhanced MRI in patients
after chemotherapy is a characteristic feature of TOS [8]. MR images demonstrate a heterogeneous
reticular or linear pattern in normal parenchyma, characterized by hypointensity on T1-weighted
images and hyperintensity on T2-weighted images. When using a hepatotropic contrast agent, re-
ticular hypointensity of liver tissue on hepatobiliary phase images with a location in the peripheral
areas of the liver is highly specific for TOS [12]. This radiological pattern is likely due to decreased
penetration of contrast agent into liver tissue due to dysfunctional hepatocyte damage and de-
creased portal blood flow [13]. In focal SOS, the presence of unclear boundaries, especially on
hepatobiliary phase images, as well as the absence of diffusion restriction are important differential
diagnostic criteria between toxic manifestations in the liver parenchyma and metastases. Table 1
shows the features of sinusoidal obstruction syndrome [2].

Table 1. Features of sinusoidal obstruction syndrome

Sinusoidal obstruction syndrome occurs when the sinusoidal endothelium of the liver is
damaged, usually after administration of oxaliplatin, cyclophosphamide and vincristine.
This condition is associated with an increased risk of bleeding and liver failure.

Radiological findings Adrug
Ultrasound: ascites, thickening of the Oxaliplatin, 6-MP, dacarbazine, azathioprine,
gallbladder wall and hepatosplenomegaly. cyclophosphamide, fluorouracil and vineris-
CT: Ascites, decreased diameter of the right tine

branch of the portal vein (<0.45 cm), parae-
sophageal varices, hepatosplenomegaly and
recanalization of the umbilical vein. MRI:
diffuse hypointense reticular pattern on
post-contrast delayed phase hepatobiliary
T1-weighted imaging, periportal edema

3. Results

When conducting oxaliplatin-based chemotherapy, the maximum radiological manifesta-
tions of the severity of SOS are determined approximately 4 months after the start of treatment,
radiological remission is observed approximately 3 months after cessation of treatment [9]. Cessa-
tion of chemotherapy is often accompanied by a decrease in these manifestations, suggesting that
SOS, at least in mild to moderate forms, both diffuse and focal, is potentially reversible [10]. Severe
forms of SOS can also progress after cessation of therapy, leading to the appearance of regenerative
nodules, followed by the formation of cirrhotic changes [15].

4. Conclusions

In conclusion, many chemotherapy drugs can cause various liver lesions in cancer patients,
which are becoming more common due to the longer life expectancy of patients. Radiologists must
be aware of the imaging features of liver tissue damage during chemotherapy to guide physicians
in making therapeutic decisions and, thus, prevent the development of serious complications in
patients.

14




Journal of Clinical Physiology and Pathology (JISCPP) 2024, 3 (2) ISSN 2989-1116 (Online)

Application of artificial intelligence: The review is written without the use of artificial intelligence technol-
ogies.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conlflicts of Interest: The authors declare no conflict of interest.

References

1. Corbacioglu S, Jabbour EJ, Mohty M. Risk Factors for Development of and Progression of Hepatic Veno-Occlusive Disease/Sinusoidal Ob-
struction Syndrome. Biology of blood and marrow transplantation. 2019;25(7):1271-1280.

2. TorriGB, Soldatelli MD, Luersen GF, Almeida Ghezzi CL. Imaging of chemotherapy-induced liver toxicity: an illustrated overview. Hepatic
Oncology. 2021;8(4): 32

3. Mohty M, Malard F, Abecassis M, Aerts E, Alaskar AS, Aljurf M, Arat M, Bader P, Baron F, Bazarbachi A, Blaise D, Ciceri F, Corbacioglu S,
Dalle JH, Duarte RF, Fukuda T, Huynh A, Masszi T, Michallet M, Nagler A, NiChonghaile M, Pagluica T, Peters C, Petersen FB, Richardson
PG, Ruutu T, Savani BN, Wallhult E, Yakoub-Agha I, Carreras E. Sinusoidal obstruction syndrome/veno-occlusive disease: current situation
and perspectives-a position statement from the Furopean Society for Blood and Marrow Transplantation (EBMT). Bone Marrow Trans-
plant. 2015:50(6):781-9.

4. Piccin A, Sartori MT, Bisogno G, Van Schilfgaarde M, Saggiorato G, Pierro AMD, Corvetta D, Marcheselli L, Mega A, Gastl G, Cesaro S.
New insights into sinusoidal obstruction syndrome. Journal of Internal Medicine. 2017;47(10):1173-1183.

5. McGettigan MJ, Menias CO, Gao Z], Mellnick VM, Hara AK. Imaging of Drug-induced Complications in the Gastrointestinal System.
Radiographics. 2016;36(1):71-87.

6. Viswanathan C, Truong MT, Sagebiel TL, Bronstein Y, Vikram R, Patnana M, Silverman PM, Bhosale PR. Abdominal and pelvic complica-
tions of nonoperative oncologic therapy. Radiographics. 2014;34(4):941-61.

7. Torrisi JM, Schwartz LH, Gollub MJ, Ginsberg MS, Bosl GJ, Hricak H. CT findings of chemotherapy-induced toxicity: what radiologists
need to know about the clinical and radiologic manifestations of chemotherapy toxicity. Radiology. 2011;,258(1):41-56.

8. Sharma A, Houshyar R, Bhosale P, Choi JI, Gulati R, Lall C. Chemotherapy induced liver abnormalities: an imaging perspective. Clinical
and Molecular Hepatology. 2014;20(3):317-26.

9. Han NY, Park BJ, Kim MJ, Sung DJ, Cho SB. Hepatic Parenchymal Heterogeneity on Contrast-enhanced CT Scans Following Oxaliplatin-
based Chemotherapy: Natural History and Association with Clinical Evidence of Sinusoidal Obstruction Syndrome. Radiology.
2015;276(3):766-74.

10.  Brancatelli G, Furlan A, Calandra A, Dioguardi Burgio M. Hepatic sinusoidal dilatation. Abdominal radiology (NY). 2018;43(8):2011-2022

11.  Sangisetty SL, Miner TJ. Malignant ascites: A review of prognostic factors, pathophysiology and therapeutic measures. World Journal of
Gastrointestinal Surgery. 2012;4(4):87-95.

12.  You SH, Park BJ, Kim YH. Hepatic Lesions that Mimic Metastasis on Radiological Imaging during Chemotherapy for Gastrointestinal Ma-
lignancy: Recent Updates. Korean Journal of Radiology. 2017:18(3):413-426.

13.  Shin NY, Kim M]J, Lim JS, Park MS, Chung YE, Choi JY, Kim KW, Park YN. Accuracy of gadoxetic acid-enhanced magnetic resonance
imaging for the diagnosis of sinusoidal obstruction syndrome in patients with chemotherapy-treated colorectal liver metastases. European
Radiology. 2012;22(4):864-71.

14.  Karmazanovsky GG, Dunaev AP, Nudnov NV, Sheikh ZhV, Popov MV. Focal formations of the liver: differential diagnosis with MSCT and
MRI M.: Kraft+.2018;232.

15.  Maor Y, Malnick S. Liver injury induced by anticancer chemotherapy and radiation therapy. International Journal of Hepatology. 2013;

2013:815105.

15




Journal of Clinical Physiology and Pathology (JISCPP) 2024, 3 (2) ISSN 2989-1116 (Online)

Article

Gender Features of Autonomic Regulation of Cardic Activity in

Young Athletes

Tatiana Vlasova'", Maria Spirina!, Anastasia Bezborodova!, Artem Ryzhov!, Evgenia Tyagusheva!

Citation: Vlasova T., Spirina M., Bez-
borodova A., Ryzhov A., Tyagusheva E.
Gender Features of Autonomic Regula-
tion of Cardic Activity in Young Ath-
letes. Journal of Clinical Physiology and
Pathology (JISCPP) 2024; 3 (2):16-20.

https://doi.org/10.59315.JISCPP.2024-3-
216-20

Academic Editor: Igor Kastyro

Received: 19.04.23
Revised: 13.05.24
Accepted: 10.06.24
Published: 28.06.24

Publisher’s Note: International Society
for Clinical Physiology and Pathology
(ISCPP) stays neutral with regard to ju-
risdictional claims in published maps

and institutional affiliations.

Copyright: © 2024 by the authors. Sub-
mitted for possible open access publica-

tion.

! Institute of Medicine, National Research Ogarev Mordovia State University, Saransk, Russia;
* Correspondence: v.t.i@bk.ru

v.ti®bk.ru , https://orcid.org/0000-0002-2624-6450 (T.V.);_

mas.dokuments@yandex.ru, http://orcid.org/0000-0001-9974-1981 (M.S.)

apbezbor@gmail.com, https://orcid.org/0000-0003-0434-9210 (A.B.)

artyom3690@gmail.com, http://orcid.org/0000-0002-5350-1744 (A.R.)_
evgenia.tyagusheva@yandex.ru, https://orcid.org/0000-0002-1193-3178 (E.T.).

Abstract: Background. The success of sports activities depends on the level of the athlete’s functional state.
The study of heart rate variability will help determine the adaptive capabilities and state of cardiac reserves
in athletes as they currently are, as well as predict sports results. The purpose of this study is to study gender
characteristics of the autonomic regulation of cardiac activity in children involved in sports.

Materials and methods. The study involved 22 children aged 12-18 years. All study participants were divided
into two groups: group 1 (n-10) - boys and group 2 (n=12) - girls. Heart rate, systolic and diastolic blood
pressure, weight and height were measured non-invasively. Based on the data obtained, adaptation potential,
body mass index, and Kerdo index were calculated. When assessing heart rate variability, the autonomic
balance index (ABI), autonomic rhythm index (ARI) and tension index (TI) of regulatory systems were cal-
culated. Statistical analysis was performed using t-test, U-test and Chi-square test (x2).

Results. In both groups, satisfactory adaptation of the cardiovascular system (CVS) to physical activity was
noted (BP <2.6), but the value of this indicator was 7.25% higher in boys (p <0.001), which indirectly indicates
that The functional reserve of the cardiovascular system in adaptation to physical activity is better in girls.
When calculating the Kerdo index and studying heart rate variability (HRV), it was found that 50% of boys
have sympathetic tone and 10% have parasympathetic tone. In the group of girls, an increase in the tone of
the sympathetic division of the ANS occurs significantly more often by 8.3%. The RRNN value in the boys
group is 15% higher than in the girls group (p<0.001). The NN50 and pNN30 values were also higher among
boys by 44.87% and 41.17%, respectively (p<0.05). SDNN and RMSSD in the girls group are less by 25.5%
(p<0.01) and 34.5% (p<0.05), respectively. The average heart rate is 11.6% higher among girls (p<0.01). IVR,
VPR and IN were greater in the girls group by 32.8%, 32.9% and 50.8%, respectively (p<0.01).

Conclusions. Satisfactory adaptation of the body to physical activity was evident in both gender groups. Lin-
ear rhythmogram and column histogram data show that HRV is higher in the boys group, and the stress index
is higher in the girls group.

Keywords: heart rate variability and adaptation, child athletes, Kerdo index, adaptive potential, cardiovas-
cular system.

1. Introduction

Current tasks of sports and the high level of sports achievements indicate the need to study
the functional capabilities of the cardiovascular system (CVS), which is a key link in the adapta-
tion of the human body to increased physical activity (PE) [1]. The success of sports activities is
directly related to the level of the functional state of the body |2, 3]. The main signs characterizing
a high level of the functional state of the cardiovascular system include bradycardia, hypotension
and physiological hypertrophy of the myocardium. Rational exercise leads to an improvement in
the morphological and functional characteristics of the heart and blood vessels. The heart of an
athletic person combines economical activity at rest and the achievement of maximum perfor-
mance during physical activity [1].

The functional activity of the body is regulated through the joint work of the central nervous
system (CNS), immune and endocrine systems. The autonomic nervous system (ANS), which pro-
vides adaptive regulation, determines the consistency and, ultimately, the effectiveness of the reg-
ulatory systems of the athlete’s body [4, 5]. The outcome of exposure to stress factors on the body
depends on the level of the functional state of the ANS. Economization and mobilization of func-
tions at rest and during exercise determine adaptive changes in regulatory processes, thereby en-
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suring variability and variability of regulation under the expected background conditions of activ-
ity [6, 7]. The model of heart rate regulation is based on the already studied mechanisms of regula-
tion of the sinoatrial node of the heart. There are autonomous and central regulatory loops. The
first of them, autonomous, is formed from the cells of the sinoatrial node themselves with the par-
ticipation of the parasympathetic division of the ANS. Another circuit, the central one, includes
three levels; it provides intrasystem control, hormonal-vegetative homeostasis and interaction of
the body as a whole with the external environment [8].

The ANS of adolescent children undergoes a certain transformation due to active hormonal
changes. The regulatory functions of the ANS develop unevenly due to the fact that during puberty,
significant changes are observed in the ratio both between the severity of sympathetic and para-
sympathetic, and in the ratio between the segmental and suprasegmental levels of regulation of the
activity of the cardiovascular system [9]. During puberty, problems of autonomic nervous regula-
tion arise, such as a decrease in HRV as a consequence of dysregulation of metabolic control [10].

Thus, the autonomic regulation of cardiac activity has gender differences. Assessing the func-
tioning of all regulatory circuits will make it possible to fully determine the adaptive capabilities
and state of the athlete’s body reserves at the present time and predict the sports result.

2. Patients and Methods

The study was conducted on the basis of the SSOR for cycling in the city of Saransk from
September 19, 2022 to October 22, 2022. The study involved 22 children aged 12 to 18 years. All
study participants were divided into 2 groups: group 1 (n=10) - boys, group 2 (n=12) - girls. The
average age of the participants was 14.9+0.2 years in group 1and 15.25+0.3 in group 2.

We non-invasively measured heart rate (HR), systolic and diastolic blood pressure (SBP and
DBP), body weight, and height. Based on the data obtained, we calculated the adaptation potential
(AP) of the CVS using the formula of R. M. Baevsky [11]. Body mass index (BMI) was assessed
using SDS tables [12] and centile scales (WHO, 2007). To assess the impact of VNS, the Kerdo
index (KI) was used.

Using the BiTronics Lab, a training laboratory for neurotechnology, HRV was assessed using
a linear rhythmogram and a column histogram. Short five-minute recordings were used in accord-
ance with the International Standard [13]. The vegetative balance index (ABI), the vegetative
rhythm index (VRI) and the tension index of regulatory systems (IN) were calculated.

The distribution of the obtained data corresponds to the law of normal distribution. For in-
dicators for which the differences were not statistically significant, the U test was used. For para-
metric analysis, t-test and Chi-square test (x2) were calculated.

Statistical analysis was performed using the U test and correlation analysis (SPSS Statistics
13) was used.

3. Results and discussion

As part of the study, AP, BMI, KI were calculated, HRV was analyzed and gender differences
were identified.

On average, the AP value in group 1 was 1.33+0.016, and in group 2 —1.24+0.015. In a compar-
ative aspect, the value of this indicator is higher in group 1 by 7.25% (jp<0.001).

It was found that on average SBP fluctuated within the normal range and amounted to
121.1£0.66 mm Hg in group 1, which is 5.03% more than in group 2 (p<0.001). DBP was also normal
in both groups and amounted to 78.8+0.37 mm Hg in group 1 and 72+0.57 mm Hg in the 2nd group.
In comparative terms, this indicator is higher in group 1 by 9.4% (p<0.001). As for KI, its value
averaged 30.9+0.99% in group 2, which is 276.1% more than in group 1 (see Table 1). In group 2,
increased tone of the sympathetic division of the ANS occurs more often by 8.3% (p<0.001).

BMI in group 1 averaged 20.58+0.37 kg/m2, and in group 2 - 20.86+0.22. This indicator does
not depend on gender (p>0.05), however, it was found that in group 1, deviations in BMI in the
direction of increasing and decreasing were observed 3.3% more often than in girls (see Table 1).

Table 1. Distribution of the studied indicators in children of different sexes

Index Interpretation of Ist group (boys, 2nd group x°p
the indicator n-10) (girls, n=12)
Height, m 1,7¢0,01 1,63+0,003 -
Weight, kg 62,14+173 56,09+0,65 -
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Average BMI, 20,58+0,37 20,86+0,22 0,65
kg/m? (p>0,05)
Body mass in- | Body weight defi- 20 16,7 0,94
dex, kg/m? ciency (SDS«- (p>0,05)
2.0),%
Normal body 60 66,6
weight (SDS+1.0)
Excess body 20 16,7
weight
(+1.0<SDS<+2.0)
KI medium 11,191 91 30,9+0,99 9,16
Kerdo index, % (p<0,001)
Parasympathico- 10 0 10,6
tonia (p«0,01)
Normotonia 40 41,7
Sympathicotonia 50 583
Adaptive potential 1,33+0,016 1,24+0,015 41
(p<0,001)

The indicators used to analyze HRV are presented in Table 2. During the study, we found
that RRNN (arithmetic mean of the duration of NN intervals in the analysis epoch) averaged
828+15 ms. in group 1, which is 139% more than in group 2 (p<0.001).

The total number of NN intervals (N) was 183.2¢7.25 and 214.5+7.82 among adolescents of
the 1st and 2nd groups, respectively. In comparative terms, this indicator is higher by 17.08% in
group 1. The number of pairs of studied NN intervals that differ by more than 50 ms. (NN50) in
group 1 averaged 48.1+4.4, which is 44.87% more than in group 2 (p<0.05). The proportion of NN50
from the total number of NN intervals (pNN50) in group 1 was 0.24+0.02, and in group 2 it was
0.17+0.018. In comparative terms, this indicator is higher in group 1 by 41.17% (p<0.05). The number
of pairs of studied NN intervals that differ by more than 20 ms. (NN20) was also higher in group
1, where this indicator was 82.7+5.64, which is 25.1% more than in group 2 (p<0.05). The standard
deviation of mean NN intervals (SDNN) was 149 # 14 ms. in group 2, which is 25.5% less than in
group 1 (p<0.01). The root mean square of successive differences (RMSSD) was 269 + 20 ms. in
group 1 and 200222 ms. in the 2nd group. In comparative terms, this indicator is higher in group 1
by 34.5% (p<0.05). Heart rate averaged 92.25+1.88 and 103+2.15 for groups 1 and 2, respectively. In
comparative terms, the value of this indicator is higher among adolescents of the 2nd group by
11.6% (p<0.0L).

In group 2, the average IVR value was 85+4, which is 32.8% more than in group 1 (p<0.01).
VPR was also greater in group 2 by 32.9% (p<0.001). The stress index (SI) value was 51.7+0.03.9
and 78.0+5.7 for groups 1 and 2, respectively. Comparing the results obtained, we can conclude that
the INis greater in group 2 by 50.8% (p<0.01).

Table 2. Heart rate variability in children of different sexes

The indicator being | Ist group (boys,n=10) | 2nd group (girls, n=12) p
studied

RRNN, ms. 828+15 720+10 4,99 (p<0,001)
SDNN, ms. 200+10 149+14 2,96 (p<0,01)
N 183,2+7,25 214,5+7,82 2,94 (p<0,05)
CV, % 30,37+2,09 23,21+2,08 2,43 (p<0,05)
RMSSD, ms. 269+20 200422 2,32 (p«0,05)
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Mo, s. 0,675+0,015 0,597+0,01 4,33 (p<0,001)
AMo, % 0,43+0,019 0,480,014 2,12 (p>0,05)
NN50 481+4 4 332432 2,74 (p«0,05)
PNNS50, % 2442 1718 2,6 (p<0,05)
NN20 82.7+5,64 66,145 21 2,16 (p<0,05)
PNN20, % 4242 36+2.,6 1,83 (p»0,05)
qycc 02,25+1,88 103+2,15 3,76 (p<0,01)
HBP 6437 85+4 3,85 (p<0,01)
BIIP 2,28+0,082 3,030,147 446 (p<0,001)
WH 51,7+3.9 78457 3,81 (p<0,01)

The results obtained showed that both groups had satisfactory adaptation of the cardiovas-
cular system to physical activity (AP <2.6). Since in 1 the AP value is greater than in 2, this may
indirectly indicate a better adaptation of the CVS of girls to physical activity.

An KI value in the range from -10 to +10% is considered normal; positive values of this indi-
cator, beyond this range, indicate the predominance of the influences of the sympathetic nervous
system, negative values indicate the predominance of the tone of the parasympathetic nervous sys-
tem. When analyzing the KI values in both groups, it was found that 50% of adolescents in group
1 are sympathicotonic and 10% are parasympathicotonic. In group 2, we revealed a predominance
of sympathicotonics.

Considering the fact that parasympathetic influences reduce heart rate and increase RRNN,
we can conclude that children of group 1 have a higher tone of the parasympathetic part of the
nervous system than children of group 2. A study by R. Abrarov et al [14] showed in a similar group
of children the predominance of the sympathetic link in the autonomic regulation of heart rhythm.
However, the authors included healthy children in their study, and we included child athletes, so
the differences obtained can be explained by the fact that athletes have higher HRV.

The pNN50 indicator is used to assess the predominance of the parasympathetic component
of autonomic regulation (VR) over the sympathetic one. Since the value of this indicator is higher
in group 1, we conclude that the parasympathetic type of VR is statistically more common in boys.

The SDNN indicator reflects the total effect of the autonomic regulation of the heart and al-
lows us to conclude that in group 1, the predominance of the autonomic regulation of the heart is
observed statistically more often. In a study by M. S. Ishbulatova, SDNN increases in different
groups of children aged 9-11 years and on average reaches 93.37 + 10.08 ms. for boys and 81.35+9.2
ms. for girls [15]. Comparing the results of the author’s study with ours, we can conclude that in
boys the autonomic regulation of heart rate actually predominates, but in our case the value of the
studied indicator turned out to be greater, which probably indicates greater HRV in child athletes.

RMSSD is an indicator that allows you to assess the activity of the parasympathetic part of
the ANS. This gives us the right to conclude that in children of group 1, the activity of the para-
sympathetic component of the ANS is statistically more likely to predominate. The obtained result
is comparable to the results of studies by other authors. In the same study by M. S. Ishbulatova,
RMSSD among boys 9-11 years old was greater compared to girls of the same age and averaged
111.27 + 14.03 ms. [15].

Taking into account the results obtained, namely the values of RRNN, pNN50, SDNN,
RMSSD in both groups, we conclude that adolescents of group 1 have higher HRV than adoles-
cents of group 2.

IVR shows the relationship between the activity of the sympathetic and parasympathetic
divisions of the ANS. VPR reflects the balance of regulation of the cardiovascular system by the
sympathetic and parasympathetic divisions of the ANS. It is known that an increase in these indi-
cators indicates the predominance of the sympathetic link in the regulation of the ANS. The stress
index (ST) indicates the degree of influence of the nervous system on the functioning of the heart.

The calculated indices were lower in group 1, on the basis of which we established that par-
asympathetic influences predominate in this group and this confirms our conclusion that HRV is
greater in group 1.

4. Conclusions

L. In both groups, there is satistactory adaptation of the cardiovascular system to physical
activity, but in girls the AP value is 7.25% less than in boys (p<0.001), which may indirectly indicate
better adaptive capabilities of the girls’ body.
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2. The predominance of the tone of the parasympathetic division of the ANS is typical for the
group of boys, where 10% of children are parasympathetic; among girls, an increase in the tone of
the sympathetic division of the ANS is more common by 8.3% (p<0.001).

3. Taking into account the values of RRNN, pNN50, SDNN, RMSSD, heart rate, as well as
the results of the stress index, autonomic rhythm index and autonomic balance index, heart rate
variability is higher in the group of boys.
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ogies.
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Abstract: The differential diagnosis of focal changes in the liver remains an urgent task for the radiologist.
Focal nodular hyperplasia (FNH), being the second most common benign formation of hepatocellular origin,
is formed in cancer patients as a result of vascular disorders during chemotherapy, in particular with the
development of sinusoidal obstruction. As a result, the resulting FNH node can simulate metastasis in a can-
cer patient, especially in cases where the primary tumor has a hypervascular structure. However, radiation
semiotics based on computed tomography and magnetic resonance imaging data allows, in most cases, to
confidently differentiate the nature of the focal formation and avoid false-positive diagnostic results.

Keywords: FNH-like lesions, computed tomography, magnetic resonance imaging, chemotherapy

1. Introduction

Focal nodular hyperplasia is a benign liver lesion consisting of a proliferation of hyperplastic
hepatocytes surrounding a central stellate scar. Any new formation in the liver in a patient with a
history of cancer raises serious concerns regarding metastasis. After or during chemotherapy treat-
ment, changes such as steatosis, steatohepatitis, and sinusoidal obstruction syndrome may occur
in the liver, which may manifest as focal lesions [2]. In addition to manifestations of hepatopathy,
against the background of high doses of chemotherapy, benign regenerative lesions in the form of
pseudometastatic nodules are detected in the liver [3]. These lesions are considered a late mani-
festation of sinusoidal obstruction syndrome (SSO). In adults, focal nodular hyperplasia (FNH)
develops in patients with colorectal cancer after oxaliplatin-based chemotherapy [4]. The exact
pathogenesis leading to the occurrence of FNH after chemotherapy remains unknown. FNH is a
benign hyperplastic lesion that occurs in the setting of a vascular malformation and often occurs
with a local increase in pressure in the hepatic arteries [5]. An important side effect of treatment
regimens using oxaliplatin is the occurrence of sinusoidal obstruction syndrome (SSO), which has
a toxic effect on sinusoidal endothelial cells. SSO reduces oxygen saturation of the liver [6], in-
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creases the expression of hypoxia-induced factors and stimulates angiogenesis by activating angi-
ogenic factors [7]. It is hypothesized that SSO and associated liver hypoperfusion may lead to the
formation of benign regenerative lesions such as FNH.

New or enlarged FNH-like lesions in the liver in patients under observation with a history of
cancer prone to metastasis to the liver may lead to unnecessary invasive procedures if they are
mistaken for metastases.

2. Diagnostics

On computed tomography (CT), focal nodular hyperplasia classically appears as a homoge-
neous, isodense, or slightly hypodense lesion relative to the liver parenchyma. On CT with bolus
intravenous contrast, the mass appears as a homogeneous hypervascular lesion; In delayed phases
of the scan, accumulation of a central scar can be observed. These pathognomonic signs of FNH
should be taken into account in the differential diagnosis of hypervascular metastases in the liver.
A differential diagnostic sign that distinguishes FNH from metastasesis an irregular shape, unclear
contours, hypervascular foci in the hepatobiliary phase of scanning on magnetic resonance imaging
(MRI). Metastases often accumulate contrast agent in a ring-like pattern.

Additional MRI features characteristic of FNH are signal isointensity on T1- and T2-
weighted images, early contrast enhancement of the lesion, and absence of diffusion restriction on
DWI (diffusion-weighted imaging) [8].

Metastatic malignancies that are commonly treated with oxaliplatin regimens are most often
hypovascular on MRI. Thus, when hypervascular foci appear in the liver in cancer patients during
chemotherapy, one should not immediately write about a metastatic lesion; FNH-like benign le-
sions should be included in the differential list [9].

Table No. 1 shows the features of sinusoidal obstruction syndrome [8].

Table 1. Features of sinusoidal obstruction syndrome

Focal nodular hyperplasia is thought to result from microvascular changes in the liver
and is associated with oxaliplatin use. Oncologists should be aware of this focal lesion
because it can be mistaken for hypervascular metastasis. MRI with hepatospecific con-
trast agent provides important information for the differential diagnosis of focal nodular
hyperplasia.
Radiological findings Adrug
MRI: signal isointensity on T1- and T2- Oxaliplatin-based chemotherapy
weighted images, early contrast enhance-
ment and no diffusion restriction (DWI)

3. Conclusions

Although the appearance of FNH-like lesions in the liver during chemotherapy is rAlthough
the appearance of FNH-like lesions in the liver during chemotherapy is rare, it is important for
physicians to be aware of the occurrence of these benign lesions because they can simulate metas-
tases and prevent overdiagnosis in such cases and prevent unnecessary invasive procedures.

Application of artificial intelligence: The review is written without the use of artificial intelligence technol-
ogies.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.
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