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REVIEW OF CHALLENGES AND SYSTEMIC GAPS IN ORGANIZING
SURGICAL SERVICES IN REGIONAL CLINICS

Merab Tatishvili'4, Tamaz Chkhikvadze?#, David Jikia®#
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Rezume Background: Regional clinical centers hold a critical but often overlooked position in national surgical systems. These fa-
cilities are expected to provide a wide range of surgical care. This includes everything from emergency laparotomy to
elective oncological procedures. However, they routinely operate amid structural underfunding, workforce attrition, and
insufficient infrastructure. Georgia, a South Caucasus country in a post-Soviet healthcare transition, is a relevant case
study. Following the introduction of Universal Health Coverage (UHC) in 2013, surgical access improved. Still, deep geo-
graphic and qualitative disparities between Thilisi's tertiary centers and regional hospitals have remained or worsened.
Aim: This review aimed to synthesize existing evidence on the organizational structure, operational challenges, and out-
come disparities of surgical services at regional clinical centers, with particular attention to the Georgian healthcare con-
text and its alignment with international findings.

Methods: A systematic search was conducted across five electronic databases: PubMed, Scopus, Web of Science, Co-
chrane Library, and EMBASE. This was supplemented by grey literature from the World Health Organization, the Georgian
National Center for Disease Control (NCDC), and the Georgian Ministry of Health. Searches took place in March 2026
and included publications from January 2005 to March 2026. Eligibility was limited to studies addressing surgical service
organization, workforce, infrastructure, or outcomes at the non-tertiary regional level. The PRISMA 2020 framework guid-
ed all parts of study selection, data extraction, and quality appraisal. Quality was assessed using the Newcastle-Ottawa
Scale (NOS) for observational studies, AMSTAR-2 for reviews, and Cochrane Risk of Bias for trials and prospective co-
horts.

Results: Of the 3,921 initially identified records, 21 studies met the inclusion criteria. Studies were conducted in 34 coun-
tries across Africa, South/East Asia, Eastern Europe, and high-income comparators. Three Georgian-specific sources were
identified, but all lacked methodological rigor. Key findings converged around five themes: critical deficits in regional
surgeon numbers; infrastructure gaps affecting anesthesia and critical care; high unmet need in rural and peri-urban areas;
limits and possibilities of task-sharing; and the economic case for investing in regional surgery. Georgian data, though
limited, matched international patterns: fewer than 20% of elective procedures took place outside Thilisi, and about 25%
of trained surgeons worked abroad.

Conclusion: Widespread, interconnected structural failures limit surgical services in regional centers. Georgia's post-UHC
experience shows that better financial access to surgery alone is not enough. There must also be investment in human
resources, infrastructure, and quality oversight at the regional level. Evidence-based recommendations include setting re-
gional capacity targets, creating a specialist retention program, mandating audit systems, and introducing a tiered referral
protocol into UHC policy.

Key words: regional surgical services; healthcare systems organization; surgical workforce; LMICs; Georgia healthcare;
post-Soviet health reform; surgical access disparities

INTRODUCTION The Lancet Commission on Global Surgery (2015)
concluded: "The global burden of disease amenable to
surgical intervention, such as trauma, cancer, and compli-
cations from childbirth, is substantial and growing. Despite
this, there are currently gross disparities in access to safe
surgical care worldwide. Surgery is an integral, indivisible
component of a properly functioning health system, and all
people should have access to safe, high-quality surgical
and anesthesia care with financial protection when need-
ed." []. The Commission estimates that up to 5 billion peo-
ple worldwide lack access to safe and affordable surgical
services, and this severe challenge falls disproportionately

Surgical care has often been considered the preroga-
tive of specialized medical centers in cities, which, para-
doxically, has led to a greater or lesser degree of neglect
of surgical infrastructure and service needs at the region-
al/district level worldwide for a long time. However, a
large proportion of emergencies occur at the regional
level. For example, trauma, perforation of internal organs,
obstetric complications, etc., are represented by a smaller
percentage in the coverage areas of specialized centers.
The consequences of this discrepancy are very serious and
measurable.
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on rural and remote populations. Alkire et al. (2015) esti-
mated that an additional 143 million surgical procedures
are needed each year, most of which are concentrated in
low- and middle-income countries, and that the failure to
provide them results in an annual GDP loss equivalent to
USD 12.3 trillion over the decade. These figures have lent
urgency to a conversation that had previously sat at the
margins of global health policy.

If we consider it systematically, regional clinical cen-
ters serve the population of regions/districts. They function
as an intermediate link between specialized urban clinics
and primary care centers. The main function of these re-
gional centers is not only control, but also the provision
of appropriate emergency services. Unfortunately, this
often exceeds their capabilities. International evidence
identifies common problems: too few surgeons per capi-
ta, limited anesthetic services, unreliable supply chains for
surgical items, insufficient intensive care beds, and limited
perioperative quality monitoring.

Georgia is a unique case in post-Soviet healthcare
change. Since its independence in 1991, Georgia's
health system has seen several reforms. In 2013, univer-
sal healthcare coverage expanded the right to publicly
funded surgical care. Surgical volumes rose, and by 2018,
over 80% of the population had health insurance. Still, the
geography of surgical services within Georgia saw little
real change. Data from the NCDC show elective surgical
procedures remain focused in Thilisi. Regional centers ac-
count for fewer than one-fifth of these procedures, though
they serve more than half the population.

Several factors explain this gap. There is a post-Sovi-
et history of centralized hospitals and specialized hierar-
chies. Medical workforce emigration hits regional areas
hardest. Hospitals outside the capital continue to deteri-
orate physically. Current reimbursement models have not
changed to support regional surgical delivery. These issues
are common to Eastern European and Caucasian post-So-
viet settings. However, a lack of peer-reviewed Georgian
data makes analysis difficult and highlights an important
evidence gap.

This review was prompted by recognition of serious,
understudied problems in Georgia's regional surgical
services. By bringing together international findings and
Georgia's experiences, we aim to offer a practical frame-
work. This can help clinicians, health administrators, and
policymakers working in this context.

AIM

The main purpose of this systematic review was to as-
sess the evidence on how surgical services are organized
and the challenges faced in regional centers. A second ob-
jective was to place findings in the context of the Georgian
health system. We aimed to answer three key questions:

*  What structural and organizational factors most con-
sistently predict inadequate surgical service delivery
at the regional level?
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* What evidence exists for effective interventions —
whether workforce, infrastructure, or policy-based —
in improving regional surgical capacity?

* To what extent do Georgian-specific data corroborate
or diverge from international patterns, and what policy
implications follow?

MATERIALS AND METHODS
Study Design and Reporting

This systematic review was conducted and report-
ed in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020
statement (Page et al., 2021). A prospective review pro-
tocol was registered prior to initiating the search. Given
the heterogeneity of study designs and outcome defini-
tions identified during preliminary scoping, a quantitative
meta-analysis was not deemed appropriate; findings are
therefore presented as a narrative synthesis structured
around thematic domains.

Eligibility Criteria

Studies were eligible for inclusion if they: (a) addressed
the organisation, delivery, capacity, or outcomes of surgi-
cal services at a regional, district, or sub-national non-ter-
tiary clinical facility; (b) reported at least one quantifiable
outcome related to surgical workforce, infrastructure,
volume, quality, or access; (c) were published in English,
Russian, or Georgian between January 2005 and March
2026; and (d) represented original research, systematic
reviews, or formally validated institutional reports.

Studies were excluded if they: (a) focused exclusively
on a single surgical specialty technique without reference
to service-level organization; (b) were conducted solely
in tertiary or academic medical centers without sub-anal-
ysis of regional services; (c) involved exclusively pediat-
ric populations unless the service-level finding had direct
adult-care applicability; or (d) were conference abstracts
without accompanying peer-reviewed publication.

Information Sources and Search Strategy

Electronic searches were conducted across PubMed/
MEDLINE, Scopus, Web of Science, the Cochrane Central
Register of Controlled Trials (CENTRAL), and EMBASE.
Searches were performed on 15 March 2026. The search
strategy employed MeSH headings and free-text terms,
including combinations of: 'surgical services', 'hospital or-
ganisation', 'regional hospital', 'district hospital’, 'surgical
capacity', 'surgical workforce', 'global surgery', 'health-
care access', 'post-Soviet healthcare', 'Georgia (country)',
'‘Caucasus', 'LMICs', 'rural surgery', and 'health system re-
form'. Boolean operators (AND/OR) and truncation were
used systematically. Reference lists of included studies and
relevant reviews were manually screened for additional
eligible sources.

Grey literature was searched via the WHO Global
Health Observatory, the World Bank Open Data reposito-
ry, the Georgian National Center for Disease Control and
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First Author, Year

Sub-Saharan Afri-

Study Design

Cross-sectional

Population /
Setting

District hospitals;

Table 1. Summary of Included Studies

Key Outcome(s)

Surgical capacity gaps;

Kingham et al., 2009 . shortage of trained surgeons; NOS: 6/9
ca (multi-country) survey general surgeons . .
inadequate infrastructure
Systematic re- Regional hospitals in 5 billion people lack access to AMSTAR-2:
M Il 2000 Hillch elelezl] view & modelling LMICs safe, affordable surgical care Moderate
Economic model- District/regional 143 million additional proce-
Alkire et al., 2015 Global (LMICs) . e 9 dures needed annually; GDP NOS:7/9
ling study facilities .
loss from surgical neglect
. . . Task-sharing feasibility; out-
Saluja et al., 2020 Erhlopla' Rasaee Mixed-methods DIS".Id LS . comes comparable to specialist NOS: 6/9
Zambia surgical task-sharing
care for selected procedures
. - . . ‘Neglected global surgical
Ozgediz &Riviello, LMICs (global) ijrohve Rura! and regional crisis'; untreated surgical condi- NOS: 5/9
2008 review hospitals ; ; .
tions cause substantial mortality
. . Specialist surgical density
Cross-section- National and X
Holmer et al., 2015 G|oba! (194 al database regional surgical <20 per 100,0001in many NOS:7/9
countries) R LMICs; strong correlation with
analysis workforce data
outcomes
Global (Lancet Commission re- District and regional Surgery as essential for UHC; AMSTAR-2:
Raykar et al., 2015 e . .
Commission) port / modelling level care phased scale-up plan proposed High
X X High perioperative mortality;
Chu et al., 2009 Uganda (rural) Refrospective Regl?nql refefrql . lack of monitoring equipment NOS: 6/9
cohort hospital surgical unit .
and anaesthesia as key factors
International Regional hospitals 30-day mortality post-abdom-
Bhangu et al. (Global- Multi-country (73 , i mi)? din mp ’ inal surgery 2 higher in LMICs Cochrane
Surg), 2016 countries) prospective ? come vs HICs; anaesthesia & ICU RoB: Low
cohort settings L
deficits
. Underfunded surgical services;
Hider et al., 2019 Eastern Europe / Policy analysis el rural-urban disparities; physi- NOS: 5/9
Caucasus care systems - -
cian emigration
. - . Surgical scale-up highly cost-ef-
Verguet et al., 2015 Sub-—Sohuron Cost—eﬁcec‘rl‘ve» District / first refer- fective; USD 10-100 per DALY NOS: 6/9
Africa ness analysis ral level
averted
Regional hospitals; Low surgical volume; high unmet
Grimes et al., 2011 Ghana, Tanzania Cross-sectional surgical volume need; inadequate supply chains NOS: 6/9
analysis for surgical consumables
Mukhopadhyay et al., India (rural/re- Cross-sectional DI.Smd hOSPITCﬂS; Staffing, infrastructure, and
) - primary surgical supply shortfalls comparable to NOS: 6/9
2017 gional) & qualitative .
care Sub-Saharan settings
. Rural-urban disparities in sur-
Retrospective egfienell graerel gical access even within HICs;
Soreide et al., 2019 Norway (rural) surgery; rurality . ’ NOS:7/9
cohort o centralisation vs. local access
n tension
Tansley et al., 2019 Sub-Saharan Systematic S:;?;C(Ejuﬁl(gin Z{J(:Ir::r;? fu:ni?‘t:lzsst‘;?nl?:\re:csfe AMSTAR-2:
Y N Africa review pacity 9 gieal ouTPU: P Moderate
programmes beyond initial programme
. Africa (25 coun- Prospective co- Regional referral P.os‘ropércmv.e mortality 2.9 - Cochrane
Biccard et al., 2018 ) . higher in Africa vs global; criti-
tries) hort (AfroSurg) hospitals o RoB: Low
cal care lack a dominant factor
. . 83 million people/year suffer
Dareetal., 2014 Global (LMICs) Modelllr}g / bur- S.urglccl c‘md obstet- due to lack of surgical care; NOS: 6/9
den of disease ric capacity . . ; .
disproportionate in rural regions
NCDC Georgia Reports, Georai National administra- | Regional clinical centres; SUTQI,Cal vo|ume~ L .
eorgia . ° ) Thilisi; rural regions account for Descriptive only
2018-2022 tive data national registry o h
<20% of elective procedures
Cross-sectional Healthcare workforce; " 25% of trained surgeons work
Tsiskaridze et al., 2021 Georgia . L ’ outside Georgia; regional hospitals NOS: 5/9
survey medical emigration
most affected
Japaridze & Kvaratskhelia Universal healthcare UHC increased surgical coverage
pariaz v = Georgia Policy review programme impact on overall; rural access gap persists; NOS: 5/9

2020

surgery

emergency surgery underreported
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Table 2. PRISMA Flow Diagram (Tabular Representation)

PRISMA Stage Records (n) Notes / Reason for Exclusion

Identification - Database search 3,847 PubMed (1,621), Scopus (1,048), Web of Science (734), Cochrane (212), EMBASE
(232)

Identification — Grey literature 74 WHO reports, Georgian NCDC publications, MoH policy documents, conference
abstracts

After duplicate removal 2,891 956 duplicates removed

Title/Abstract screening 2,891 2,647 excluded (irrelevant topic, non-surgical focus, paediatric-only, non-regional
setting)

Full-text assessed for eligibility 244

Excluded at full-text 223 Reasons: (a) Exclusively tertiary/urban setting, n=87; (b) Single procedure focus
unrelated to service organisation, n=54; (c) Insufficient outcome data, n=39; (d)
Non-peer-reviewed without validation, n=28; (e) Language barrier without translation
available, n=15

Studies included in synthesis 21 Quantitative synthesis: 18 studies; qualitative synthesis: 3 studies; Georgian-specific
sources: 3

Public Health (NCDC), the Georgian Ministry of Labor,
Health and Social Affairs official publications portal, and
the European Observatory on Health Systems and Policies.
The latter provided health system profile data for Georgia
that, while not primary research, offered indispensable
contextual framing (Richardson et al., 2014).

Study Selection

Studies were selected based on a review of fitles
and abstracts. Inconsistencies were then corrected after
reviewing the full text. Potentially interesting texts were
processed according to pre-agreed criteria summarized

in Table 2.
Data Extraction

A standardized data extraction form was applied to all
included studies, capturing: lead author and year; coun-
try and setting; study design and population; primary and
secondary outcomes; key quantitative findings; and meth-
odological quality appraisal score. For studies reporting
Georgian-specific data, an additional extraction field
documented the institutional source and data validation
method.

Quality Assessment

Observational studies were appraised using the New-
castle-Ottawa Scale (NOS), which rates studies across
three domains: selection of study groups, comparability,
and outcome assessment (a maximum of 9 stars). System-
atic reviews were evaluated with AMSTAR-2. Prospective
cohort studies with defined protocols were assessed using
the Cochrane Risk of Bias tool (RoB 2.0). Quality scores
are reported in Table 1. Studies scoring below 4/9 on
the NOS (or equivalent threshold on other tools) were
retained in the synthesis but flagged in the discussion as
potentially unreliable.

Synthesis Approach

Given substantial heterogeneity in study design, pop-
ulation, setting, and outcome definitions, a formal me-

10

ta-analysis was not conducted. Instead, a thematic nar-
rative synthesis was employed, following the framework
proposed by Popay et al. (2006). Themes were developed
inductively from the data and iteratively refined through
reviewer consensus. Quantitative findings are reported
as extracted from primary sources and juxtaposed across
studies to identify convergent and divergent patterns.

RESULTS
Study Identification and Selection (PRISMA Flow)

The initial database search retrieved 3,847 records.
An additional 74 records were identified through grey
literature and manual reference checking. After de-dupli-
cation (n = 956 removed), 2,891 unique records under-
went title and abstract screening. Of these, 2,647 were
excluded as clearly irrelevant — primarily because they
addressed exclusively tertiary care, single-technique sur-
gical outcomes, or non-human research. A total of 244
full-text articles were retrieved for eligibility assessment.

Full-text review led to the exclusion of 223 studies, the
most common reasons being: exclusive focus on tertiary or
academic settings without regional sub-analysis (n = 87);
single-procedure orientation without service-level gener-
alisability (n = 54); insufficient quantitative outcome data
for meaningful synthesis (n = 39); grey literature sources
lacking methodological validation (n = 28); and language
barrier despite translation efforts (n = 15). The final syn-
thesis incorporated 21 sources: 18 peer-reviewed studies
or systematic reviews, and 3 Georgian-specific institution-
al or administrative sources. Table 2 presents the full PRIS-
MA flow in tabular form, and Table 1 provides a structured
overview of included studies.

Characteristics of Included Studies

Included studies spanned a broad geographic and
methodological range. In terms of design, the corpus in-
cluded: six cross-sectional surveys or capacity assess-
ments; four systematic reviews or commission reports;
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four prospective multi-center cohort studies (including two
large international collaborative studies — GlobalSurg
and AfroSurg); two retrospective cohort analyses; two
economic modeling studies; two policy or health systems
analyses; and one mixed-methods study. Geographically,
11 studies focused on Sub-Saharan Africa, three on South
or Southeast Asia, two on high-income comparator set-
tings (Norway, United Kingdom), one on a broad Eastern
Europe/Caucasus policy domain, and three specifically
on Georgia. Study populations ranged from individual
regional hospitals to national and multi-country datasets.
Sample sizes spanned from single-site audits of a few hun-
dred cases to multi-country datasets exceeding 11,000
patients. Table 1 summarizes the included studies.

Key Findings by Thematic Domain
Theme 1: Surgical Workforce Deficits at the Regional Level

The most consistently documented finding across all in-
cluded studies was the inadequacy of surgical workforce
density at regional, district, and non-tertiary facility levels.
Holmer et al. (2015), in a landmark cross-national analysis
covering 194 countries, demonstrated that specialist sur-
gical density falls below 20 surgeons per 100,000 pop-
ulation in the majority of LMICs, with the lowest densities
systematically concentrated outside major urban centers.
The Lancet Commission on Global Surgery (Meara et al.,
2015; Raykar et al., 2015) set a minimum benchmark
of 20 surgical, anesthetic, and obstetric providers per
100,000 population — a threshold unmet by 77 countries
at the time of publication and largely unaddressed in sub-
sequent assessments.

In the Georgian context, Tsiskaridze et al. (2021) con-
ducted a survey of the domestic surgical workforce. They
estimated that approximately 25% of Georgian-trained
surgeons are currently employed outside the country, with
regional hospitals experiencing the most acute retention
failures. This figure is consistent with documented patterns
of healthcare worker emigration from post-Soviet states,
where salary differentials, limited professional develop-
ment, and inadequate equipment create structural push
factors that disproportionately affect the periphery. Hider
et al. (2019), analyzing Eastern European and Caucasian
health systems broadly, characterized rural and regional
surgeon shortages as 'a defining feature' of the post-Sovi-
et surgical system, driven by the historic concentration of
specialist training and practice in capital cities.

Theme 2: Infrastructure and Anesthesia Deficits

Inadequate anesthetic capacity was identified as a
critical bottleneck across multiple study designs and geo-
graphic contexts. Chu et al. (2009), in a retrospective
analysis of perioperative mortality at a regional referral
hospital in Uganda, attributed the majority of preventable
deaths to intraoperative monitoring failures and anesthetic
complications arising from equipment deficits rather than
surgical technique error per se. The GlobalSurg Collab-
orative (Bhangu et al., 2016), drawing on 73-country

data, found that 30-day postoperative mortality following
abdominal surgery was more than twice as high in LMICs
compared to high-income countries, with multivariable
analysis identifying anesthesia provider ratio and ICU bed
availability as the two strongest institutional predictors.

Biccard et al. (2018), through the AfroSurg network,
replicated these findings in 25 African countries, report-
ing a postoperative mortality rate nearly three times the
global average in African regional hospitals, with a critical
care deficit as the dominant explanatory variable. Grimes
et al. (2011) documented comparable findings in Ghana
and Tanzania, where unreliable oxygen supply, absent
pulse oximetry, and shortages of essential anesthetic
agents rendered routine elective surgery perioperative-
ly high-risk. For Georgia, published anesthetic capacity
data from regional hospitals are absent from the peer-re-
viewed literature; however, NCDC administrative data
suggest that a significant proportion of regional centers
lack continuous anesthetic specialist coverage, and that
anesthesia for major cases is frequently deferred pending
specialist availability from Thilisi.

Theme 3: Unmet Surgical Need and Geographic Inequity

Dare et al. (2014) estimated that 83 million people
globally suffer annually from conditions for which surgical
care is indicated but not received, with the burden con-
centrated in rural and peri-urban populations. Alkire et al.
(2015) calculated that this unmet need results in an an-
nual economic loss of USD 12.3 trillion over the decade,
primarily through premature mortality, disability-adjusted
life years, and loss of productive capacity. These global
estimates find partial corroboration in Georgian adminis-
trative data: NCDC reports from 2018 to 2022 indicate
that elective surgical procedures are performed in Thilisi
in more than 80% of cases nationally, despite the capital
housing approximately 28% of the Georgian population.

Japaridze and Kvaratskhelia (2020) assessed the im-
pact of Georgia's UHC program on surgical access. They
found that emergency surgical admissions increased sig-
nificantly in regional hospitals following the 2013 reform
— a finding consistent with the program's removal of out-
of-pocket barriers — but that elective surgical backlogs
in regional centers grew proportionally, suggesting that
demand materialized faster than capacity was built. The
geographic concentration of surgical volume in the cap-
ital reflects not only workforce maldistribution but also
patient-driven referral preferences rooted in longstanding
perceptions of quality differentials between regional and
Thilisi-based institutions.

Theme 4: Task-Sharing and Workforce Innovation

A growing body of evidence, primarily from Sub-Saha-
ran Africa, has examined the potential of task-sharing as
a strategy to extend surgical capacity in resource-limited
regional settings. Saluja et al. (2020), in a mixed-methods
study across Ethiopia, Uganda, and Zambia, demonstrated
that non-physician clinicians trained in selected operative
procedures achieved outcomes statistically comparable to
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specialist surgeons for common conditions, including her-
niorrhaphy, appendectomy, and cesarean section. Tansley
et al. (2019), in a systematic review of capacity-building
interventions, found that structured mentorship and train-
ing programs sustained increases in surgical volume be-
yond the duration of the initial intervention in 70% of re-
viewed programs.

The applicability of task-sharing models to Georgia
requires careful contextualization. Unlike Sub-Saharan
settings where physician-level training resources are fun-
damentally scarce, the Georgian system retains a broadly
physician-based healthcare tradition and sufficient med-
ical school output. The dominant barrier is not a lack of
medical graduates per se, but rather the failure to retain
trained surgeons in regional posts and the absence of con-
tinuing professional development infrastructure outside
Tbilisi. Task-sharing in the Georgian context is therefore
more likely to take the form of supervised scope-of-prac-
tice expansion for regional general surgeons into sub-spe-
cialist domains, rather than the delegation of operative
tasks to non-physician providers.

Theme 5: Economic Argument for Regional Surgical Invest-
ment

Verguet et al. (2015) conducted a cost-effectiveness
analysis of surgical scale-up at the district and first-refer-
ral level in Sub-Saharan Africa, finding that investment
in regional surgical capacity averted disability-adjusted
life years for USD 10 to 100 per DALY — a threshold
widely considered highly cost-effective by international
standards. Soreide et al. (2019), examining rural-urban
surgical disparities in Norway, demonstrated that even in
a well-resourced, high-income country, geographic dis-
tance to surgical care meaningfully increased morbidity
for time-sensitive conditions, including acute appendicitis
and perforated ulcers, suggesting that centralization mod-
els incur measurable health costs that economic analyses
must account for. These findings collectively reinforce the
argument that underinvestment in regional surgical capac-
ity is not fiscally neutral — it transfers costs onto emergen-
cy services, generates preventable long-term disability
expenditure, and imposes indirect economic losses through
workforce incapacitation.

Discussion
Interpretation of Core Findings

The convergence of evidence across 21 heteroge-
neous studies — spanning four continents, a range of in-
come settings, and multiple methodological approaches
— is striking and clinically important. It suggests that the
structural challenges confronting regional surgical services
are not idiosyncratic failures of particular health systems
but predictable consequences of identifiable policy and in-
vestment decisions. At their core, these challenges involve
three mutually reinforcing dynamics: the concentration of
surgical training and specialist careers in urban centers;
the chronic underfunding of regional hospital infrastruc-
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ture; and the absence of quality monitoring mechanisms
that would otherwise create accountability pressure for
improvement.

The fact that these same dynamics recur whether one
examines a rural Ugandan district hospital (Chu et al.,
2009), a Ghanaian regional facility (Grimes et al., 2011},
or a Georgian regional clinical center (NCDC, 2018-
2022) points toward structural drivers that transcend
specific cultural, geographic, or economic contexts. This
convergence is analytically useful because it implies that
effective interventions in one setting may offer transfer-
able lessons, adjusted for context, to others.

The Georgian Healthcare Context in International Per-
spective

Georgia's position within this international landscape
is that of a country caught between the formal policy
achievements of UHC expansion and the persistent real-
ity of delivery inequity. The 2013 UHC reform was, by
multiple accounts, a landmark advance: it eliminated the
most severe financial barriers to access to surgical care,
particularly for emergency and oncological conditions.
Japaridze and Kvaratskhelia (2020) documented tangible
improvements in emergency surgical admission rates, and
qualitative reports suggest reduced catastrophic house-
hold expenditure on surgical episodes in the post-reform
period.

However, the reform addressed the demand side of
surgical access without proportional investment in the
supply side — particularly at the regional level. The result
is structurally analogous to what Meara et al. (2015) de-
scribed as 'coverage without capacity’: a system in which
formal entitlement to surgical care exists but is undermined
by geographic inaccessibility, workforce shortages, and
quality uncertainty. The NCDC data pattern, with fewer
than 20% of elective procedures performed outside Thili-
si, is not merely a statistical artifact. It reflects a rational
patient and clinician response to real quality differentials:
when regional centers lack the specialist staff, anesthet-
ic reliability, and ICU capacity to manage complex cases
safely, both patients and referring physicians default to
Tbilisi — creating a self-reinforcing cycle of underutiliza-
tion and further disinvestment at the regional level.

The workforce emigration finding reported by Tsis-
karidze et al. (202 1) adds a further dimension. An estimat-
ed 25% of Georgian-trained surgeons working abroad is
a substantial figure for a country of approximately 3.7 mil-
lion people; even if partially attributable to the document-
ed trend of Georgian diaspora healthcare professionals, it
represents a significant loss of trained human capital that
the regional system, in particular, cannot absorb. Interna-
tional evidence (Holmer et al., 2015; Hider et al., 2019)
consistently shows that physician emigration from post-So-
viet states disproportionately depletes the regional rather
than the capital-city workforce, as those who emigrate are
often precisely the younger, more adaptable professionals
who might otherwise have populated regional posts.
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Systemic and Healthcare Organizational Considerations

Analyzing the Georgian situation through the lens of
health system frameworks reveals several systemic ten-
sions that complicate straightforward policy prescrip-
tion. First, the UHC reimbursement model, as currently
structured, reimburses procedures at national tariff rates
that may not adequately reflect the higher per-unit cost
of providing safe surgical care at lower-volume regional
institutions. This creates a financial disincentive for region-
al hospitals to perform complex surgery and incentivizes
referral upstream — a pattern documented in analogous
settings by Ozgediz and Riviello (2008) under the rubric
of the 'neglected surgical crisis'.

Second, the regulatory and accreditation framework
for regional surgical departments in Georgia remains
weakly developed. Unlike Thilisi-based institutions —
many of which are now subject to international accredita-
tion processes as part of medical tourism development —
regional hospitals are rarely subjected to formal surgical
quality audit or external review. This absence of quality
accountability removes an important lever for improve-
ment and makes it structurally difficult to detect, let alone
address, deteriorations in perioperative safety at the re-
gional level. The GlobalSurg and AfroSurg collaborative
studies (Bhangu et al., 2016; Biccard et al., 2018) demon-
strated that standardized outcome data collection at re-
gional facilities is both feasible and actionable — findings
that have direct relevance for a Georgian national audit
initiative, should one be pursued.

Third, the spatial organization of surgical care in
Georgia has not been systematically evaluated against
population need. A rigorous needs assessment, comparing
the geographic distribution of surgically remediable con-
ditions with the current distribution of surgical capacity,
would be essential groundwork for rational regional plan-
ning. Such assessments have been conducted in several
African contexts (Grimes et al., 2011; Dare et al., 2014)
with direct policy impact; their absence in Georgia rep-
resents a missed planning opportunity.

Limitations

This review has several notable limitations that must
be acknowledged. Most fundamentally, the scarcity of
peer-reviewed, methodologically rigorous surgical data
from Georgia itself severely constrains the strength of
conclusions that can be drawn about the Georgian context
specifically. The three Georgian-specific sources incorpo-
rated into this review were administrative or policy docu-
ments with limited methodological reporting; none met the
threshold for a Newcastle-Ottawa score of 6 or higher.
This is not a criticism of those sources per se — they repre-
sent the best available evidence — but it underscores the
urgent need for original primary research on the organi-
zation of the Georgian surgical system.

Second, the international literature, while now sub-
stantial, remains skewed toward Sub-Saharan African and
South Asian settings, with Eastern European and Caucasian
post-Soviet contexts substantially underrepresented. The

extrapolation of findings from, for example, rural Uganda
to regional Georgia must be done with caution, given the
different historical trajectories, baseline physician density,
and health system structural characteristics involved.

Third, the narrative synthesis approach, while appro-
priate given study heterogeneity, is less statistically robust
than formal meta-analysis. Thematic conclusions reflect
reviewer judgment in pattern recognition across studies,
and alternative thematic structures could reasonably have
been imposed on the same data. We have attempted to
mitigate this by maintaining close fidelity to quantitative
findings within each theme.

Practical Implications for Clinicians

For clinicians practicing at the regional level in Geor-
gia, this review affirms several evidence-based practical
imperatives. First, the development and use of local com-
plication and outcome tracking — however rudimentary
— is both feasible and valuable. The AfroSurg experience
(Biccard et al., 2018) demonstrated that simple perioper-
ative mortality recording at regional hospitals, when ag-
gregated, generates actionable evidence for system-level
improvement. Georgian regional surgeons do not need to
wait for national policy directives to begin this process.
Second, structured clinical mentorship between Tbili-
si-based tertiary specialists and regional surgical teams,
modeled on evidence from the African task-sharing liter-
ature (Tansley et al., 2019), could meaningfully expand
regional operative scope without requiring additional
staffing.

Third, advocacy for regional surgical infrastructure
investment — framed in the economic terms demonstrat-
ed by Verguet et al. (2015) and Alkire et al. (2015) — is
itself a clinical responsibility. The evidence that regional
surgical investment is cost-effective is now robust enough
to constitute a policy-relevant argument that clinicians are
well-positioned to make.

Conclusion

Regional surgical services globally are constrained by
predictable, intersecting, and — critically — addressable
structural failures. This systematic review has synthesized
21 studies from diverse geographic and methodological
contexts to identify five thematic pillars of this challenge:
workforce density deficits, infrastructure and anesthetic
gaps, geographic inequity of access, the potential and
limits of task-sharing, and the compelling economic case
for regional surgical investment. Georgia's documented
experience, while limited in peer-reviewed depth, is con-
sistent with these international patterns: a UHC reform that
broadened formal access without proportional regional
infrastructure investment has produced a coverage-with-
out-capacity dynamic, with surgical care remaining ef-
fectively inaccessible to large portions of the population
outside Thilisi.

Based on this evidence, the following recommenda-
tions are advanced for Georgia:
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e Establish national benchmarks for regional surgical
capacity — including minimum surgeon density, an-
esthetic specialist coverage, and essential equipment
standards — aligned with Lancet Commission thresh-
olds and monitored through the NCDC.

* Develop a structured specidlist retention program for
regional posts, incorporating financial incentives, con-
tinuing medical education access, and career progres-
sion pathways comparable to Thilisi-based positions.

* Implement a mandatory regional surgical audit system,
beginning with perioperative mortality and 30-day re-
admission tracking, to create accountability and gen-
erate the primary data currently absent from Georgian
surgical literature.

¢ Revise the UHC reimbursement model to reflect the
genuine cost of safe regional surgical practice, remov-
ing the current financial disincentives for complex case
management outside Thilisi.

References:
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e Commission a national surgical needs assessment map-
ping surgically remediable disease burden against
current regional service capacity, to enable evi-
dence-based resource allocation.

The organization of surgical services in regional clin-
ical centers is not a peripheral concern in health systems
— it is a core determinant of preventable mortality and
morbidity for the majority of the Georgian population. The
evidence assembled here makes that case with sufficient
clarity to warrant urgent policy attention.
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Objective: To evaluate the effectiveness and implementation of a new surgical method for the treatment of large, recurrent,
and complex ventral hernias (hernia defect horizontal diameter >8-10 cm)—namely, anterior abdominal wall component
separation reconstructive plasty (anterior, posterior, and hybrid approaches)—at “Guidmed” Clinic.

Materials and Methods: The essence of the method consists of the elimination of giant and complex hernias through sep-
aration of the anatomical components of the anterior abdominal wall, followed by reconstructive component separation
with mesh reinforcement. Over the past five years, 54 patients underwent surgical treatment using anterior component
separation technique (ACST), posterior component separation technique (PCST), or a hybrid approach.

The study evaluated the necessary conditions for surgical management of complex hernias (as surgery is not indicated in all
cases), the essential factors contributing to hernia development, and the required technical aspects of anterior, posterior,
and hybrid component separation reconstruction. The clinic developed its own hybrid component separation reconstructive
technique. Between 2019 and 2025, 54 operations were performed at “Guidmed” Clinic for large, complex, and postop-
erative ventral hernias (w >8-10 cm). Of these, 32 were performed using anterior component separation (ACST); 10 using
posterior component separation reconstruction (GCST), including é according to the Carbonell method and 4 according to
the Novitsky method; and 12 using a hybrid approach (sublay technique combined with fasciotomy). Recurrence occurred
in 3 cases.

Conclusion: Anterior, posterior, and hybrid component separation reconstructive techniques are all acceptable, modern,
and reliable methods for the surgical treatment of large and complex ventral hernias (w >8-10 cm). However, the choice
of technique should be individualized based on the patient’s general condition, comorbidities, age, disease duration, sur-
geon’s expertise, and optimal timing of surgery. In cases of recurrence, regardless of the method used in the initial opera-

tion, posterior component separation—particularly GCST and TAR techniques—should be preferred for reoperation.

Key words: hernia, giant hernia, complex ventral hernia, CST (component separation technique)

INTRODUCTION:

Surgical treatment of hernias spans more than a cen-
tury. However, despite this, it remains problematic today,
especially the surgical treatment of large and postopera-
tive ventral hernias, because it is often associated with a
sharp reduction in the total volume of the abdominal cav-
ity, which in turn leads to a disruption in the normal func-
tioning of vital systems and, no less importantly, difficulties
in operating. In the USA, on average, 1 million surgeries
are done per year due to hernias of the anterior abdomi-
nal wall. The increase in quantity was caused by the gener-
ally higher number of laparotomies, which was driven by
advances in diagnostic technologies, anesthesiology, and
postoperative intensive care. In the same USA, according
to registry data, 11-19% of hernias develop after lapa-
rotomy per year, which is an average of 350,000 oper-
ations. For comparison, 400,000 cholecystectomies are
performed each year. (According to registry data, 15% of
the population on our planet develops a hernia, and 13%
develops calculous cholecystitis) [1, 2, 3].
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A big part of the operations is done with the diagno-
sis of postoperative and recurrent hernias. According to
many authors’ data, the rate is 10-60%, and the majority
of recurrences occur during the first year after surgery.
The recurrence rate after surgery for large giant hernias is
53%. Therefore, great importance is attached to modern
tactics [4] and the mastery of complex surgical techniques
to meet the main requirement: reducing postoperative re-
currence and improving quality of life [5, 6].

The history of surgical treatment of hernias includes
several stages. In the first stage, plastic surgery was per-
formed using the patient's own tissues, based on the man-
datory tightening of the latter. This latter was proportional
to the size of the hernial orifice, of course, plastic surgery
of large hernias using only local tissues was often impos-
sible, because internal pressure of abdomen was sharply
increased by such plastic surgery, which used to end up
with the possible development of abdominal compartment
syndrome and fatal complications (respiratory failure, dis-
tress, cardiovascular failure, thromboembolism, obstruc-
tion, etc.). That is why managing the operation of so-called
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Usher's illustration showing subfascial implantation of the mesh to bridge a muscle defect.
(a) is similar to the previous, noted early retraction of suture closure from the external
oblique. Reprinted from Arch Surg. 1961;83:8, by permission from Excerpta Medica Inc.

Francis Usher (1908-1988), a pioneer in the de-

velopment of polypropylene prosthetic mesh and
its use in difficult hernia operations. Courtesy of
Drs. Rosenberg, Shul, and Jordan, Houston, Texas.

Reprinted from Arch Surg, 1961;82:87, by permission (Copyrighted 1961, American
Medical Association). Usher’s illustration of bilateral Marlex mesh bridging of a muscular
defect. Again, he pioneered a technique which is same as that employed today.

Figure 1. Usher F. (Hernia repair with Marlex mesh Usher, Francis C. et al. Surgery, Volume 46, Issue 4,718 - 724)

big, giant, mainly post-surgical recurrent hernias was fre-
quently impossible [7, 8].

Second stage, in other words, a new era in plastic sur-
gery of Hernia began in 1950 (non-massive), when Fran-
cis Usher first used an organic prosthesis to close a ventral
hernia defect. After this, with the development of prosthet-
ic material production and improvements in its quality, its
use began in USA and then in Europe in the 1970s. Today,
up to 4 million meshes are used worldwide each year for
this purpose [9] (Figure 1).

Lichtenstein and his clinic have made great contribu-
tions to improving the tactics and procedures for the sur-

Onlay

Preperitoneal

Retromuscular

gical treatment of hernias. They distinguish the following
forms of ventral hernia mesh repair (Figure 2):

Onlay - The mesh is sutured to the external surface of
the rectus muscle aponeurosis.

Inlay - The mesh is sutured to the inner surface of the
aponeurosis, between the rectus muscle and the aponeu-
rosis.

Underlay - The mesh is sutured beneath the rectus mus-
cle, between the muscle and the posterior layer of the
aponeurosis (which is often inseparable from the parietal
peritoneum and therefore referred to as the “sublay”).

Inlay

Intraperitoneal

Figure 2. EuraHS$ terminology of mesh positions during ventral hernia (F.E. Muysoms et al., 2012)
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Sublay - The mesh is sutured beneath the posterior apo-
neurotic layer of the rectus muscle, between it and the pa-
rietal peritoneum.

Interperitoneal - The mesh is sutured on the inner side of
the parietal peritoneum.

Our work concerns large (giant), postoperative her-
nias - the so-called "complex hernias". The classification
proposed by Chevrelle and Rath in 2000 was recognized
and adopted by the EHS Incisional Hernia Classification.
According to this classification, the characteristic param-
eter of the hernia size was the transverse, horizontal, and
not the longitudinal (vertical) size of the hernial orifice.
According to this classification (according to transversal
size of the hernias after surgery), W1- 4-5 cm - small and
average size, W2 - 4-8 cm average and big; W3 - more
than 10 cm - big (giant); Hernias according to localiza-
tion - Middle (M), Lateral (L), Merged (Combined ML);
Also, the increase in the number of laparoscopic surgeries
in the 20th century led to the addition of so-called trocar
site hernias, and if they are multiple, they are classified as
complex hernias. In 2009, the XXXVI Conference of the Eu-
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ropean Association of Herniologists included multiple her-
nias of the anterior abdominal wall in the group of com-
plex hernias [10, 11, 12] (picture 3 - A,B,C and picture 4).

Later, the study of the frequency and clinical course
of operations has allowed us to explain the mechanisms
of complications with postoperative hernias (hernia dis-
ease is caused by a violation of the complex muscle-fas-
cia-muscle synergism, resulting from inhibition of collagen
metabolism combined with mechanical impact). As a re-
sult, the development of a hernia occurs due to damage
to the fascia. [14.] Today, it is no longer controversial
thatfor the operation of large, postoperative hernias, it is
not enough to know only the transverse size of the her-
nial orifice; in addition, the degree of abdominal reduc-
tion (displacement of visceral organs into the hernia sac),
genetic predisposition, immunodepression, duration of the
disease, concomitant diseases, and increased intra-ab-
dominal pressure (IAP) 1 are of great importance. There-
fore, most surgeons believe that a combination of factors
causes hernia development, and it is now called hernia
disease. Classical methods of operation for a giant hernia

Figure 3.

Figure 4.
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include the sublay and onlay techniques. In such a case,
plastic surgery with tightening does not yield the desired
result because the return of the protruding organs into the
abdominal cavity increases intra-abdominal pressure, or,
in other words, intra-abdominal hypertension, which leads
to the development of compartment syndrome and organ
dysfunction [15,16]. In this regard, the inlay method of sur-
gery, as a non-stretching plastic of the anterior abdominal
wall, was considered a relatively better method, although
the intra-abdominal pressure (IAP) with this method cannot
always remain within the desired limits (its optimal values
are 8-13 mm.Hg; However, some surgeons believe that
the operation can be completed with a thickness of 18
mmHg (this corresponds to 30 mm of water column).

Considering reliability and anatomical and function-
al properties, an intervention is acceptable when we re-
store the muscular-aponeurotic apparatus of the anterior
abdominal wall, close to the true anatomical structure, by
implanting a mesh of appropriate size while maintaining
the normal volume of intra-abdominal pressure. This ap-
proach is now called separation reconstruction of the
anterior abdominal wall (Abdominal wall reconstruction
- VWR). This method is based on the separation of the an-
atomical components of the anterior wall and the surgical
technique (components separation technique - CSI) [18].
A distinction is made between anterior (anterior compo-
nents separation technique — ACST) and posterior (poste-
rior components separation technique — PCST) separation
[19,20,21]. A Mexican plastic surgeon proposed the first
one — Ramirez [22, 23] with a mesh and without a mesh
(Figure 6).

Moreover, the second one, posterior wall separation,
is relatively new. It was proposed in 2008 that Carbonell
A and a group of authors were the first to publish their
work in the journal Hernia, where, along with the division
of the anterior abdominal wall components, dissection of
the deep layers was provided, and it was called the pos-
terior separation method as a whole [24]. Unlike standard
dissection of the retromuscular space, here, regardless of
the size and number of hernial orifices, the muscles are
completely dissected, the space between the internal
oblique and transverse muscles is precisely identified and

The third stage of ventral hernia repair has arrived.
Previous surgeries failed to restore the anatomical and
functional integrity of the anterior abdominal wall muscles.
The rectus muscles remain laterally stretched and immo-
bile, and, as a result, atrophy and lose function. Over time,
the structure and metabolism of the muscles and connec-
tive tissue change. Unfortunately, chronic inflammation
develops at the site of implant-tissue contact, preventing
the formation of connective tissue and leaving the muscle
tissue incomplete. Therefore, in cases of large and postop-
erative hernias, it is very difficult to achieve the desired re-
sults with the generally accepted hernioplasty techniques
(Onlay and Inlay) [17] (Figure 5).

Figure 5.

entered smoothly, with maximum preservation of the epi-
gastric perforant nerves and blood vessels.

In2012-2013, the group of USA surgeons under the
leadership of Novitsky Y.W. developed and put into prac-
tice a relatively modernized surgical method called trans-
versus abdominis release (TAR) [25]. Unlike the Carbonell
method, it requires a vertical dissection of the lateral edge
of the posterior rectus sheath and the transverse muscle,
thereby achieving maximum mobility of the rectus, trans-
verse, and aponeurotic-fascial plate (Figure 7).

Nowadays, this method is considered a leading ap-
proach for prosthetic repair of large ventral hernias. Most
authors agree that posterior abdominoplasty reduces the
number of recurrences and other complications and main-
tains functional integrity [26]. However, over time, the
transverse muscle atrophies, while the internal oblique
and rectus muscles hypertrophy (in a compensatory man-
ner). When comparing anterior and posterior separations,
wound complications, bleeding, hematoma, and seroma
are of particular concern during ACST. However, accord-
ing to data from some surgeons, there is no significant dif-
ference in recurrence rates between ACST and PCST [27]
(Figure 8, 9).

Therefore, it remains unequivocal that treating giant
and postoperative hernias only with the TAR method, due
to the complex surgical intervention and large volume of
the operation, will probably not be correct.
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Transversus abdominis release

Figure 6. Components of anatomic separation technique by Ramirez Figure 7. The transversus abdominis muscle is divided
modified after "Reoperative Aesthetic and Reconstructive Plastic (Reprinted with permission from Novitsky Y.W.).
Surgery" by James C. Grotting, Vol. Il, 1995. Transversal view.
E - external oblique muscle, | - internal oblique muscle, T - transversus
abdominis muscle.

Figure 8. Schematic drawing of endoscopic component separation technique (A) and transversus abdom-
inis release (B) (Scheuerlein, Hubert & Thiessen, Andreas & Schug-Paf3, Christine & Kéckerling, Ferdinand.
(2018). What Do We Know About Component Separation Techniques for Abdominal Wall Hernia Repair?.
Frontiers in Surgery. 5. 24. 10.3389 /fsurg.2018.00024)

Figure 9. Diagram of TAR separation plastic and mesh arrangement (green) -
(a) ACST (Anterior Component Separation Technique); (b) PCST (Posterior Component Separation Technique)
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Therefore, today, many surgeons, taking into account
the patient's age, comorbidities, and risks, favor hybrid
separation reconstruction, which includes elements of both
anterior and posterior separation, as well as sublay and
inlay. Moreover, recent data indicate that many surgeons
believe that operations performed with different CST vari-
ants yield approximately the same results when assessing
quality-of-life parameters. In this regard, they are approx-
imately equal.

As aresult of modern data analysis, the optimal method
for large and postoperative hernias has been identified:
anterior wall reconstruction with separate prosthetic ma-
terial, where the prosthesis is placed intramuscularly or,
in exceptional cases, intraperitoneally, if an appropriate
adhesive-coated mesh is available. TAR plastic surgery,
which has been increasingly used recently, is a technically
challenging surgical intervention that requires impecca-
ble surgical technique, detailed knowledge of abdominal
anatomy and its variants, and meticulous adherence to the
sequence of surgical stages. All methods of TAR plastic sur-
gery are effective, but today it is clear that PCST (Pectus
Carinatum Surgery Technique) has advantages over ACST
(Anterior Wall Ramirez) plastic surgery. PCST has difficul-
ties and challenges for wider use, so many surgeons pre-
fer ACST (Ramirez reconstruction), but in case of hernia
recurrence, they definitely prefer PCST. The issue is com-
plex, so further studies are necessary to provide medical
evidence for the concept of separating plastic. Especially
since during PCST and intraperitoneal mesh placement, the
intra-abdominal pressure (IAP) is evenly distributed over
every cm2 of the anterior wall and, compared to ACST,
the weak areas of the plastic are more protected; how-
ever, at present, the consensus is that W1 and W2 can be
repaired laparoscopically and with ACST whenever possi-
ble, while complex hernias larger than 10 cm, i.e., W3, can
only be repaired with GCST [28].

Purpose of work: Introduction of a relatively new sur-
gical procedure, separation reconstruction, for the sur-
gical treatment of large, giant postoperative hernias at
the clinic “Gidmedi”. Comparative analysis of anterior,
posterior, and hybrid abdominal wall separation recon-
struction—5-year follow-up of 54 patients after surgery,
comparative analysis of results, short-term and long-term
outcomes.

Patients and type of surgeries: In 2019-2024, we per-
formed surgery on 54 patients with giant, postoperative,
recurrent hernias of the anterior abdominal wall. (w>8-
10cm) Age from 30 to 74, men - 32, women - 17.

Types of plastic:

1. Anterior separation reconstruction was performed in
32 patients, 7 of them with the Ramirez method, 25
of them with the Ramirez method added to fasciotomy
with our modification;

2. Posterior separation reconstruction -10, 6 of them with
the Carbonell method and 4 of them with the Novitsky
method;

3. With the hybrid method - 12, by the Sublay or Ramirez
method, plus fasciotomy.

All operations were performed according to current
requirements, namely:

1. Intra-abdominal pressure was measured before,
during, and after the operation with a catheter inserted
into the bladder;

2. In all cases, the muscles constituting the anterior wall
were repositioned, i.e., returned to their normal ana-
tomical-topographic location, and

3. inea alba was restored.

The postoperative period was satisfactory: In 1 case,
the wound was complicated by hematoma, in 3 cases by
seroma. In 2 patients, recurrence occurred (fhe operation
was performed with anterior separation). In one, it was
caused by a violation of the mesh's integrity along its entire
length; in the other, by mesh shrinkage and detachment on
one side. Inboth cases, posterior separation reconstruction
was performed, with positive results. We also performed
posterior reconstruction separation (TAR) plasty (not the
Sabley method plasty performed by us - complicated by
intestinal adhesions and microperforations).

Anterior separation

Ramirez's method, or in other words, Spiegel's, which
involves incising the skin up to the crescent line and dis-
secting the subcutaneous fatty tissue and aponeurosis. If
intra-abdominal pressure (IAP) does not decrease to 20
mmHg, the aponeuroses of both rectus muscle sheaths are
dissected along their entire length. 30 x 30 cm mesh is
placed on the line, and it is fixed on the aponeurosis with
knotted sutures, with necessary fixation on the edges of
the dissected aponeurosis.

Posterior separation

1. With the Carbonell method. After the hernia sac is
isolated and incised, the rectus muscles on both sides
are dissected from the posterior layer and the parietal
peritoneum (in cases of long-standing or giant hernias,
separation of the inferior rectus sheath and the parietal
peritoneum is usually impossible). The lateral edge of
the sheath is incised laterally and with an upper direc-
tion, and the internal oblique and transversus abdomi-
nis muscles are bluntly separated (using the fingers). A
30 x 30 cm mesh is placed (after suturing the peritone-
um) lower to the rectus muscle and laterally from it, on
both sides, between the transverse and internal oblique
muscles; the mesh is fixed with several transmuscular
sutures.

2. With Novitsky method - initially, similar to Carbonell's
method, but after dissecting the lateral edges of the
rectus muscle in an upward direction, the transverse
muscle is very carefully dissected (by cutting small
parts with a dissector), which leads to the maximum re-
duction of tension in the anterior abdominal wall and,
as aresult, a decrease in intra-abdominal pressure. The
mesh is fixed with three strips cut out on both edges of
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a 30x30 cm mesh, which protrude over the external
aponeurosis and are secured fo it with knotted sutures.

Hybrid method

We performed the following procedure: mostly mesh
transplantation using the Sabley or Ramirez method, plus
fasciotomy; the aponeurosis covering both rectus mus-
cle sheaths was vertically dissected, and additional mesh
pieces were placed. This prevented extensive layering of
the skin and subcutaneous tissue, thereby protecting the
patient from extensive damage to blood vessels and nerve
trunks.

The necessary conditions for applying all the rules
were the following:

1. Intra-abdominal pressure should not exceed the per-
missible norm (18-24 mm Hg);

2. Restoration of the linea albg;

3. Return of the muscular-fascial apparatus of the anteri-
or wall to the geographical anatomical boundaries and
maximum restoration of elasticity;

4. Maximum sparing of perforating blood vessels and
nerve fibers.

CONCLUSIONS AND RECOMMENDATIONS:

1. A modern and reliable method for the surgical treat-
ment of large and postoperative, complex hernias (W
> 10 cm) should be considered for the reconstruction
of the anterior abdominal wall with separation of the
constituent muscles and aponeurosis.

2. The type of separation reconstruction should be deter-
mined based on a detailed study of the patients' vital
systems (metabolic disorders: obesity-mass index, di-
abetes, respiratory, cardiovascular, and respiratory
system conditions, age).

3. The patient should be aware that the recurrence rate
increases after each operation (estimated at 39%-
80% for the 3rd operation), and the surgeon should
not always offer the patient surgery for a giant hernia
(W>10 cm). There are hernias whose plastic surgery is
not correct and should not be performed.

4. The main criteria for the surgical treatment of giant
hernias, whether anterior, posterior, or hybrid sepa-
ration, are: 1. Maintaining intra-abdominal pressure
(15-30 mmHg) within the normal range; 2. Restoring
the linea alba; 3. Restoring the anatomical geography
of the muscles and aponeurotic apparatus that make up
the anterior abdominal wall, and restoring maximum
elasticity.

5. Before, during, and after separation reconstruction
surgery, constant monitoring of intra-abdominal pres-
sure is crucial. In our case, 18-24 mmHg (for refer-
ence, 18 mmHg corresponds to 30 water column) was
the optimal pressure.
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6. Separate reconstruction, especially posterior TAR-plas-
ty, is a technically difficult operation and requires me-
ticulous execution of an approved protocol, which is
possible with good knowledge of the anatomy and to-
pography of the anterior abdominal wall and reliable
experience of the surgeon.

7. Depending on the patient's general condition, con-
comitant diseases, and the size of the domain (visceral
organ reduction), the surgeon chooses the type of sep-
aration plastic surgery (anterior, posterior, or hybrid).
However, in the case of recurrence, we agree that it
is better to perform reconstructive plastic surgery via
posterior separation.

8. Anterior abdominal wall reconstruction performed
using the posterior separation technique (GCST, TAR)
often provides better results in terms of muscle repo-
sitioning, linea alba restoration, and aesthetic effect
compared to ACST plastic surgery.

9. Anterior abdominal wall plastic surgery with anterior
separation plus fasciotomy (the Ramirez and Sabley
procedure plus longitudinal incisions of the external
aponeurotic plate of the rectus muscle - "Gidmedi"
modification) is a justified surgery in aggravating cir-
cumstances (age, concomitant disecses), because we
achieve the desired result in a relatively short time and
with less tfrauma.

10.Plastic surgery, in addition to fasciotomy, allows us to
protect the aponeurosis from extensive tearing, which
in itself protects us from extensive damage to perforat-
ed blood vessels and nerve fibers.

11.All three methods of separation have complications.
Anterior separation has complications more frequent-
ly, posterior separation has fewer, but more difficult
outcomes (adhesions of the internal organs of the ab-
dominal cavity with the development of erosions, per-
forations, and fistulas - 1)

12.The involvement of an anesthesiologist along with the
surgical team is very important. Complete and contfin-
uous anesthesia is necessary for the first three days.

13.The modern method of surgical treatment of giant her-
nias - separation, reconstructive plastic of the anterior
abdominal wall is truly considered the most reliable and
acceptable operation today. All its types (anterior, pos-
terior, and hybrid methods) are acceptable, taking into
account the patient's general condition and the qualifi-
cation of the surgical team. In Europe and USA, these
operations are classified as category 5 in terms of com-
plexity and are priced at the level of a hemicolectomy.
In our country, it is equated with a linea alba hernia, and
its meager funding does not correspond to the cost of a
5-hour, technically difficult operation. This is precisely
why surgeons are less interested in these operations.
Separate Diagnosis-related group (DRG) codes with
adequate costing are necessary for such operations.
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Introduction: Seromas commonly form after incisional hernia repair, particularly when surgeons use prosthetic materials.
While most cases resolve spontaneously, some can be prolonged or recurrent, necessitating repeated intervention.

Case presentation: We present a case of seroma that developed following incisional hernia repair with mesh. Despite con-
servative treatment involving repeated aspiration and subsequent surgical drainage, the fluid reaccumulated and formed
an encapsulated mass, necessitating re-operation several months later. The organised seroma was excised without remov-
ing the mesh, and the patient was discharged without complications.

Conclusion: Prolonged and irreversible seroma formation after incisional hernia repair can lead to the development of a
chronic encapsulated pseudocyst. Early recognition, careful monitoring, and timely surgical intervention can prevent long-
term morbidity without the need to remove the mesh in non-infected cases.

Key words: Incisional hernia; Seroma; Pseudocyst; Mesh repair; Postoperative complications; Surgical management

INTRODUCTION

An incisional hernia is a common complication follow-
ing abdominal surgery, with an incidence ranging from
10% to 20% depending on the surgical technique used,
how well the wound heals, and patient-related factors
such as obesity, infection, and other health conditions [1].
Mesh repair, particularly in the sublay (retro-rectus) posi-
tion, has become the gold standard for hernia repair due
to its favourable biomechanical properties and lower re-
currence rate than onlay or inlay techniques [2, 3].

However, despite the advantages of mesh repair,
postoperative complications can occur. One of the most
common of these is seroma formation, which is the accu-
mulation of non-infected fluid in the 'dead space' created
by surgical dissection. It has an incidence ranging from 5%
to 25% [4]. Seroma formation can delay healing, cause
discomfort, and increase the risk of infection. In rare cas-
es, it can lead to the development of chronic encapsulated
seromas (pseudocysts), which are often refractory to con-
servative management.

The pathophysiology of seroma formation involves
mechanical and biological factors. Surgical dissection and
tissue devascularisation create potential sites for fluid ac-
cumulation, and a foreign body reaction to the mesh, as
well as local inflammatory responses, can increase fluid
exudation. While most seromas resolve spontaneously or
following simple aspiration, persistent or organised sero-
mas often necessitate surgical intervention [6].

We present the case of a patient who developed a
recurrent postoperative seroma following sublay mesh
repair of an incisional hernia. The patient underwent mul-
tiple interventions, including aspiration, surgical drainage,

and, finally, organised excision of the fluid capsule without
mesh removal. This report highlights the challenges associ-
ated with managing chronic seromas and reviews the ex-
isting literature on their prevention and treatment.

CASE PRESENTATION

A 75-year-old female patient was admitted to our
surgical department with a symptomatic incisional hernia
at the site of a previous midline laparotomy incision. The
hernial defect measured approximately 12 x 5 cm. Pre-
operative examinations revealed no pathology that would
affect the outcome, and there were no signs of infection or
intestinal obstruction.

The patient underwent elective incisional hernia sur-
gery under general anaesthesia. Following adhesiolysis
and excision of the hernia sac, the posterior rectus sheath
was closed, a polypropylene mesh was placed in the sub-
lay position, and the anterior fascia was closed. A drain-
age tube was left in the wound and removed after 3 days,
when the amount of fluid released decreased to 20 ml/
day. The early postoperative period was uneventful, and
the patient was discharged on the fourth postoperative
day.

Approximately one week after discharge, the patient
developed progressive swelling and mild discomfort at the
surgical site. An ultrasound examination revealed fluid ac-
cumulation consistent with a postoperative seroma. Con-
servative treatment was initiated, including local puncture
and aspiration under sterile conditions. However, despite
several aspiration attempts, the seroma reaccumulated. As
conservative measures proved ineffective, the patient was
readmitted and underwent surgical drainage under gen-
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eral anaesthesia. Around 3,000 ml of clear serous fluid
was evacuated, and a drain was inserted. Bacteriological
examination of the fluid revealed no microflora, and cyto-
logical examination revealed no atypical cells. The patient
was discharged in a stable condition.

During follow-up a few weeks later, recurrent oedema
developed at the same site. Imaging confirmed persistent
fluid accumulation without signs of infection (figure 1).

Over time, the seroma became encapsulated and or-
ganised, forming a pseudocyst-like cavity (figure 2). Fol-
lowing several months of observation and the failure of
conservative measures, a third surgical procedure was
performed.

At the time of surgery, a fibrous capsule containing se-
rous fluid was present ventrally to the mesh. The capsule
was carefully excised without removing the mesh, as a fi-
brous layer was observed between the prosthetic material
and the posterior wall of the cyst (figure 3, 4, 5). There
was no evidence of infection or pathological inclusions.
The patient was discharged home after surgery without
complications, and no recurrence of seroma or hernia was
noted after three months of follow-up.

DISCUSSION

Seroma formation is one of the most common compli-
cations following mesh hernia repair. This is primarily due

Figure 3. Cyst, blue arrow indicates the mesh, orange arrow indicates
the cyst cavity, green arrow indicates the abdominal cavity

Figure 3. Mass on the anterior
abdominal wall
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Figure 4. Anterior abdominal wall
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to tissue trauma, lymphatic damage, and the creation of
'dead space' during dissection [7]. Although the sublay
technique is associated with a lower rate of wound com-
plications than the onlay technique, seromas can still occur
due to the need for extensive retrorectal dissection.

PATHOPHYSIOLOGY

A seroma is an accumulation of sterile serous fluid re-
sulting from inflammatory exudation and lymphatic leak-
age. If this accumulation is not resolved over time, it can
stimulate the formation of fibrous tissue around it, leading
to encapsulation and the formation of a chronic seroma or
pseudocyst [?]. The capsule is composed of fibrous con-
nective tissue lined with inflammatory cells and can persist
despite repeated aspiration.

MANAGEMENT

The management of postoperative seroma depends on

its size, symptoms, and persistence.

1. Small, asymptomatic seromas may be observed as
many resolve spontaneously within weeks.

2. Symptomatic or large seromas are treated with needle
aspiration or percutaneous drainage.

3. If these measures fail, sclerotherapy using agents such
as doxycycline or ethanol may be employed, although
studies have shown mixed results [10].

TIS0.5 Mios

Figure 2. Ultrasound data of the cyst

Figure 5. Macroscopic image of

after cyst excision excised cyst
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4. Persistent or organised seromas require surgical exci-
sion of the capsule.

In our patient, despite repeated aspiration and one sur-
gical drainage procedure, the seroma reaccumulated and
organised over several months. A successful outcome was
ultimately achieved through the complete excision of the
fibrous capsule while preserving the mesh, as it was not in-
fected. Mesh removal is indicated only if infection or mesh
migration is suspected [11].

PREVENTION

Preventive strategies include achieving haemostasis,
minimizing tissue trauma, and ensuring adequate drain-
age. Using closed suction drains in large dissection sites

may reduce the incidence of seromas, although their rou-
tine use remains controversial [12]. Some studies have
suggested the use of fibrin glue.

CONCLUSION

The recurrence of seroma or the formation of a chronic
cyst after incisional hernia repair is a rare but challenging
complication. While most seromas respond to conserva-
tive treatment, those that are persistent or encapsulated
often require surgical intervention. If there is no infection,
the mesh can be retained. During the intraoperative pe-
riod, surgeons should focus on preventive measures and
provide close postoperative surveillance to ensure early
detection and appropriate management.
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Rezume Postoperative hemorrhage remains one of the most dangerous complications in the immediate postoperative period.
Among its causes, von Willebrand disease (VWD) occupies a significant place. Management becomes particularly chal-
lenging when surgeons encounter previously undiagnosed coagulopathy during urgent surgery.

Von Willebrand disease is an inherited bleeding disorder characterized by quantitative or qualitative defects of von Wil-
lebrand factor (VWF). VWF mediates primary platelet adhesion to damaged endothelium, supports platelet aggregation,
initiates thrombus formation, and stabilizes coagulation factor Vil in plasma.

Timely recognition of VWD in surgical practice remains difficult because routine preoperative coagulation tests—including
PT, PT%, INR, APTT, TT, and fibrinogen—often remain within normal limits and fail to raise diagnostic suspicion.

We report the case of a 77-year-old male who underwent emergency open mesh hernioplasty for an incarcerated indirect
inguinal hernia. During the postoperative period, the patient developed a progressively enlarging subcutaneous hematoma
that required surgical re-exploration. Intraoperatively, the surgical team identified no active bleeding source or technical
cause. Subsequent hematologic evaluation confirmed Type 1 von Willebrand disease. Targeted conservative hemostatic
therapy controlled the bleeding and led to clinical improvement.

Key words: Postoperative hemorrhage, von Willebrand Disease, inguinal hernia

INTRODUCTION the urgency of the operation—which may limit the time
available for comprehensive preoperative assessment and
optimization.

In addition to the above factors, one should give partic-
ular attention to disorders of hemostasis, which significant-
ly increase the risk of postoperative bleeding [5, 6, 11].
Among these, von Willebrand disease (VWD) represents
a distinct clinical entity characterized by impaired coagu-
lation and platelet adhesion. It therefore deserves special
consideration as a potential underlying cause of unexpect-
ed hemorrhagic complications in the postoperative period.

Although VWD is considered relatively common, its
true prevalence remains insufficiently defined [7]. Ac-
cording to various literature sources, reported prevalence
ranges from 0.6% to 2% in the general population [2, 7,
8]. The distribution of individual YWD subtypes, however,
demonstrates even greater variability across statistical re-
ports [1, 2, 8, 9].

The pathophysiology of VWD is complex. Three major
types of the disease are recognized [1, 7, 91:

e Type | — accounting for 70-80% of cases, is inherited
in an autosomal dominant pattern and is characterized
by a quantitative deficiency of von Willebrand factor
(VWE). In this form, the protein's structure and function-
al integrity are preserved [1, 5].

e Type Il — observed in 7-25% of patients, is also typ-
ically inherited in an autosomal dominant manner. In
this subtype, plasma VWF levels are usually normal or

Postoperative hemorrhage occupies a leading position
among life-threatening complications encountered in sur-
gical practice [5, 6, 11]. Owing to its aggressive nature,
postoperative bleeding can rapidly and dramatically dete-
riorate a patient's condition, frequently resulting in hypo-
volemic shock and acute anemia. Such complications often
necessitate repeated surgical intervention and transfusion
of blood components, impair reparative processes, weak-
en anti-infective defense mechanisms, worsen overall
treatment outcomes, increase rates of disability and mor-
tality, prolong hospitalization, and significantly raise the
cost of care.

Despite advances in modern surgical technology, the
infroduction of high-precision minimally invasive tech-
niques, and the improved effectiveness of contemporary
therapeutic measures, postoperative bleeding remains a
relevant and challenging clinical problem.

The reported incidence of postoperative hemorrhage
varies widely in the international literature, reflecting the
influence of numerous contributing factors. These include:
the nature of the primary disease, the profile and com-
plexity of the surgical procedure, technical intraoperative
difficulties, the trophic condition of tissues in the surgical
field, the extent of inflammatory or neoplastic involve-
ment, patient age, severity of comorbidities, the necessity
of perioperative anticoagulant or antiplatelet therapy, and
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near normal, but the protein is functionally abnormal.

The literature describes more than 20 variants of Type

I, the clinically most relevant include Type 2A-AD, 2B-

AD, 2M-AD, and 2N-AR. [1, 5, 9].

e Type lll — the most severe and least common form, ac-
counting for 5-20% of cases, is inherited in an autoso-
mal recessive pattern and is characterized by a near-
complete or complete absence of VWF. This subtype
poses the highest bleeding risk, as even minimal trau-
ma or surgical intervention can lead to life-threatening
hemorrhage [4].

VWD is primarily a hereditary coagulation disorder,
but in rare cases it may develop as an acquired condition
secondary to other diseases—most commonly lymphop-
roliferative, myeloproliferative, or autoimmune disorders.
This form, known as acquired von Willebrand syndrome,
results from either reduced synthesis of VWF or acceler-
ated clearance of VWF from the circulation [2, 3, 9, 10].

The underlying cause of hereditary VWD is a mutation
in the gene that regulates VWF synthesis [2]. Von Wille-
brand factor is a multimeric glycoprotein essential for pri-
mary hemostasis, mediating platelet adhesion to damaged
vascular endothelium, promoting subsequent platelet ag-
gregation, and initiating thrombus formation.

Additionally, VWF plays a crucial role in transporting
and stabilizing coagulation factor VIII, thereby supporting
normal plasma levels of factor VIII [2, 3, 7, 9].

The pathognomonic clinical manifestation of VWD is
spontaneous or prolonged bleeding, occurring either with-
out provocation or following physiological and pathologi-
cal triggers such as trauma, surgery, or dental procedures.
Patients frequently exhibit easy bruising (ecchymoses) and
have a marked predisposition to recurrent epistaxis, men-
orrhagia, hematuria, and melena or hematochezia [5, 4].

Notably, a subset of patients may have no prior history
of clinically significant bleeding episodes, and therefore
may remain undiagnosed with VWD until a hemostatic
challenge occurs [2].

Routine coagulation studies—such as prothrombin time
(PT), prothrombin activity (PT%), international normalized
ratio (INR), activated partial thromboplastin time (APTT),
thrombin time (TT), and plasma fibrinogen concentration—
are frequently within normal limits, or altered only mini-
mally. As a result, standard coagulation profiles often fail
to raise diagnostic suspicion and are generally insufficient
for early recognition of VWD.

Accurate laboratory diagnosis relies on specific as-
says, including:

1. von Willebrand factor antigen (VWF:Ag);

2. Ristocetin cofactor activity of von Willebrand factor
(VWF: RCo);

3. Factor VIl procoagulant activity (FVIII: C).

When indicated, additional studies may include:

* von Willebrand factor collagen-binding activity (vWF:
CB)

e VWF multimer analysis

* Platelet aggregation studies using major inducers (ris-
tocetin, thrombin, adrenaline, ADP, and collagen).

30
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Because genetic defects cause VWD, it is not a curable
disorder. Management is symptom-directed and indicated
primarily in situations of active bleeding or when invasive
procedures are planned, including surgical or dental in-
terventions [6, 8]. The therapeutic objective is to increase
plasma VWF levels using vasopressin analogues (e.g., des-
mopressin) in cases of quantitative deficiency, or to pro-
vide factor replacement therapy when functional defects
are present [5, 6, 8]. To prevent premature fibrinolysis and
enhance clot stability, antifibrinolytic agents are also em-

ployed [5, 6, 8].

CLINICAL CASE PRESENTATION

A 77-year-old male was brought to the Emergency
Department of a University Clinic by the national emer-
gency medical response team (service 112) as an urgent
case. Upon admission, the patient was conscious, cooper-
ative, fully oriented, and hemodynamically stable, and was
complaining of persistent, severe pain in a large mass lo-
cated in the left inguinal region. The patient also reported
intermittent, colicky, moderate abdominal pain, dry mouth,
abdominal distension, nausea, multiple episodes of vomit-
ing containing gastric chyme, and generalized weakness.

According to the patient's history, a large left inguinal
hernia had developed over the past nine years. The her-
nia reportedly enlarged with increases in intra-abdominal
pressure, frequently descending into the scrotum, and,
while supine, could be manually reduced completely back
into the abdominal cavity. Approximately four hours prior
to hospital admission, following a severe coughing epi-
sode caused by accidental aspiration of water, the hernia
became irreducibly incarcerated, after which the afore-
mentioned symptoms progressively developed, prompting
emergency hospitalization.

Physical Examination:

The patient had a normosthenic body habitus. The
tongue was dry, the abdomen was distended, participating
minimally in respiration. Auscultation revealed intermittent
hyperactive bowel sounds, while percussion demonstrated
pronounced tympany, with preserved hepatic dullness. On
superficial and deep palpation, the abdomen was soft but
diffusely tender, without signs of peritoneal irritation. In the
left inguinal region, there was a fixed, firm, markedly ten-
der mass with a smooth surface, measuring 13.0x9.5x7.5
cm, with its distal third extending into the scrotum. could
no longer reduce the hernia manually into the abdominal
cavity, and the cough impulse was negative. A nasogas-
tric tube drained enteric fluid consistent with small bow-
el contents. Plain abdominal X-ray demonstrated multiple
air-fluid levels consistent with mechanical small bowel ob-
struction. Ultrasonography of the inguinal region revealed
small bowel loops within the hernia sac, along with a smalll
amount of free fluid.

Laboratory Findings:

Complete Blood Count (CBC): WBC: 30.34x10°/L,
NEUT: 92.8%, RBC: 7.90x10'2/L, HGB: 14.1 g/dL,
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Figure 1. Postoperative hematoma prior to the
second surgical intervention.

HCT: 48.0%, MCV: 60.80 flL, MCH: 17.90 pg, PLT:
694.00x10°/L, PCT: 0.67x10-2L/L;

Arterial Blood Gas (ABG): pH: 7.40, pCO,: 35.40
mmHg, pO,: 99.10 mmHg, HCO, (act): 21.50 mmol/L,
HCO, (standard): 22.30 mmol/L, BE (B): =2.60 mmol/L, BE
(act): =3.30 mmol/L, ctCO,: 22.60 mmol/L, SaO,: 97.60%,
FOHb: 94.70%, FCOHb: 1.90%, FMetHb: 1.10%, lac:
1.57 mmol/L, Na*: 136.00 mmol/L, K*: 3.93 mmol/L, Cl-:
103.00 mmol/L, Ca?*: 1.08 mmol/L, Glucose: 110 mg/dL;

Coagulation profile: PT = 14.20 sec, PT% = 70.60%,
INR=1.24.

Based on the clinical evaluation, the surgical team
diagnosed: unilateral or unspecified inguinal hernia with
obstruction, without gangrene (ICD-10 - K40.3). After ap-
propriate preoperative preparation, the team performed
an emergency operation under balanced anesthesia
(WAA408): reconstructive surgery for inguinal hernia
(NCSP - JASB10).

Upon opening the hernia sac, the surgeons identified
approximately 150 ml of yellowish, odorless serous fluid
and loops of small intestine. They aspirated the fluid. After
confirming bowel viability, they freely reduced the intes-
tinal loops into the abdominal cavity. The surgeons then
performed hernia repair using the Lichtenstein technique.
The operation proceeded without technical difficulties or
intraoperative complications, and the surgeons achieved
complete hemostasis.

During the postoperative period, the patient developed
a progressively enlarging subcutaneous hematoma at the
operdtive site. Despite the immediate application of local
hypothermia, the hematoma gradually expanded over sev-
eral hours, first involving the scrotum and left inguinal region
and eventually the entire hypogastrium (Figure 1, Figure 2).

These postoperative changes strongly suggested on-
going vascular bleeding and prompted wide re-explora-
tion of the herniotomy and hernioplasty area. Intraopera-
tively, the surgeons identified no discrete source of active

Figure 2. Ten days after the second surgical intervention.

bleeding other than diffuse, low-intensity cozing from the
postoperative tissues. This finding raised suspicion of a
possible coagulopathy.

Subsequent additional investigations, performed in col-
loboration with a hematologist, confirmed the presence of
Type 1 von Willebrand Disease (VWD). Administration of an-
tifibrinolytic therapy and agents stimulating von Willebrand
Factor (VWF) synthesis successfully achieved hemostasis.

DISCUSSION

Identifying VWD can be particularly challenging in ur-
gent or emergency surgery if clinicians have not previous-
ly diagnosed it. In such cases, the limited time available
before surgical intervention often makes comprehensive
preoperative evaluation difficult, particularly in emergen-
cy operations. From a diagnostic and preoperative prepa-
ration standpoint, the specificity of VWD lies in the fact that
standard coagulation tests (e.g., routine coagulation pan-
el) frequently fail to detect this disorder. reflected This pat-
tern in the presented case: the preoperative coagulation
profile did not reveal abnormalities (PT=14.20 sec, PT% =
70.60%, INR = 1.24), and the marked thrombocytosis (PLT
=694x10°/L, PCT = 0.67x10-2L/1) instead suggested an
increased risk of thrombosis, rather than bleeding.

Therefore, in suspecting VWD, a thorough and precise
medical history (anamnesis) becomes critically important.
However, this step also has inherent limitations. Prior to
surgery, a patient may fail to recall or may underestimate
previous episodes of abnormal bleeding, providing incom-
plete or misleading information. Additionally, a subset of
VWD patients may never have experienced clinically sig-
nificant bleeding or may never have received an official
diagnosis, despite having the disease.

In the presented case, as later confirmed through ex-
ternal sources, the patient had experienced prior bleeding
episodes but had intentionally concealed this history. He
had never sought medical attention and had not under-
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gone evaluation, which delayed recognition of the under-
lying coagulopathy.

In cases of postoperative bleeding at the surgical site,
clinicians typically first suspect a procedural technical er-
ror. Consequently, this often compels the surgeon to per-
form a repeat and essentially "unnecessary" reoperation,
even though von Willebrand Disease-caused bleeding
requires an entirely different, conservative treatment ap-
proach. Suspicion of a coagulopathy usually arises only
after intraoperative re-exploration fails to reveal a techni-
cal cause of bleeding. Must also emphasize that additional
surgical trauma inflicted during reoperation may further
aggravate the bleeding.

CONCLUSION

* In general surgery, VWD represents a significant risk
factor for life-threatening postoperative hemorrhage.

References:
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* Normal routine coagulation test results do not exclude
the presence of VWD or the possibility of massive post-
operative bleeding.

* Since standard coagulation tests cannot reliably detect
VWD promptly, obtaining a thorough, detailed bleed-
ing history is paramount.

PRACTICAL RECOMMENDATIONS FOR SURGEONS

* If intraoperative re-exploration fails to reveal an ac-
tive source of bleeding — Consider von Willebrand
Diseasel!

* Questions aimed at identifying prior bleeding episodes,
including their character and circumstances, must be
incorporated into every surgical patient's mandatory
preoperative assessment questionnaire.

* When VWD is suspected, and before the disease type
and specific targeted therapy are clarified, it is advis-
able to administer cryoprecipitate and antifibrinolytic
agents promptly.
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Gastric and duodenal ulcers are common diseases worldwide. Complications occur in 10-20% of patients, including perfo-
ration in 2-14% of cases. Ulcer perforation is more frequently found in the pyloric region of the stomach or in the proximal
part of the duodenum. Helicobacter pylori infection, excessive use of nonsteroidal antiinflammatory drugs and steroids, as
well as tobacco use, are considered the most common risk factors for ulcer formation in developing countries. Other risk
factors include: postoperative stress, burns, and Zollinger—Ellison syndrome. Perforation of two peptic ulcers simultaneously
is a rare occurrence, with only a few cases reported worldwide.

We present a rare clinical case of a 76-year-old woman who underwent emergency surgery for peritonitis caused by
the simultaneous perforation of two gastric ulcers—one located on the anterior wall and the other on the posterior wall of
the stomach. The first perforated ulcer was identified on the anterior gastric wall in the prepyloric region. In contrast, the
second perforated ulcer was found on the posterior wall, primarily toward the body of the stomach.

As is known, only a few cases of simultaneous perforation of peptic ulcers have been described in the medical literature,
including gastric and duodenal ulcers, two duodenal ulcers, and esophageal and duodenal ulcers. However, simultaneous
perforation of two gastric ulcers is an exceptionally rare occurrence. All surgeons performing operations for perforated
ulcers—whether open or laparoscopic—should be aware of and remember the rare but real possibility of two ulcers per-

forating at the same time.

Key words: peptic ulcer, ulcer perforation, simultaneous perforation of two gastric ulcers.

INTRODUCTION

Gastric and duodenal ulcers remain among the most
common diseases of the gastrointestinal tract [1,2]. The
annual incidence of peptic ulcer disease ranges from 0.1%
to 0.3% [3]. There are two main risk factors: Helicobacter
pylori infection and frequent use of nonsteroidal antiin-
flammatory drugs. Smoking, postoperative stress, and
steroid abuse also increase the risk of ulcer development
[4,5,6]. The incidence of ulcers increases with age, includ-
ing both duodenal and gastric ulcers. Duodenal ulcers [7]
tend to occur earlier than gastric ulcers, especially in men.
Several factors predict an increased risk associated with
nonsteroidal antiinflammatory drug use, such as H. pylori
infection, older age, and adjuvant therapy with medica-
tions including corticosteroids and anticoagulants. Com-
plications (bleeding, perforation, obstruction) can occur
in patients with peptic ulcers of any etiology. Perforation
occurs in approximately 5% to 10% of patients with active
peptic ulcer disease. Duodenal, antral, and gastric body
ulcers account for 60%, 20%, and 20% of peptic ulcer per-
forations, respectively [7,8]. Factors contributing to a poor
prognosis in perforated peptic ulcers include early-stage
shock, delayed diagnosis, metabolic acidosis, advanced
age, low body mass index, and heavy tobacco use [?].
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The most common site of perforated peptic ulcer is the
anterior duodenal wall, with the pylorus being the second
most common location [10,11]. Ulcers in the posterior
duodenal wall cause erosion of the gastroduodenal ar-
tery, leading patients to present with hemorrhagic shock,
whereas perforations of the anterior wall typically result
in peritonitis.

Helicobacter pylori infection is considered the most
important risk factor for the development of peptic ulcer
disease. Although improved hygiene has reduced the inci-
dence of H. pylori infection in developed countries, it still
accounts for 10-20% of cases [12]. Studies have shown
that 2-4% of individuals who regularly use nonsteroidal
antiinflammatory drugs develop perforated peptic ulcers;
tobacco use is also a significant risk factor in developing
countries. A meta-analysis has demonstrated that 23% of
peptic ulcers are due to tobacco use [13]. Other import-
ant risk factors include steroid abuse, alcohol consump-
tion, postoperative stress, and Zollinger—Ellison syndrome
(ZES).

Multiple peptic ulcer perforation is extremely rare, and
only a few cases have been reported worldwide, with the
causative factors including NSAIDs, ZES, postoperative
stress, steroid use, burns, and Degos disease [14]. Our pa-
tient developed a double peptic ulcer perforation in the
anterior and posterior gastric walls, which was caused



Ne14-15, 2026

Figure 1. Perforated ulcer located in pyloroantral part of the stomach

by the use of high doses of NSAIDs due to postoperative
stress and spinal pain.

Gastroduodenal perforation always requires urgent
surgical intervention, either laparoscopic or open. Conser-
vative treatment is possible only if there is minimal peri-
toneal effusion. The majority of patients can be managed
conservatively with intravenous fluids, IV antibiotics, and
proton pump inhibitors (PPls) [15]. Conservative manage-
ment requires the surgeon to continuously assess and moni-
tor the patient's condition. Endoscopic techniques are used
if the patient presents to the clinic within a short period
(<24 hours) of symptom onset and the perforation is small
[16]. Laparoscopic and open surgery have the same out-
come. The only difference is that laparoscopic interven-
tion is associated with less postoperative pain but a longer
operating time [17]. Successful treatment of perforated
peptic ulcers using a laparoscopic approach was first re-
ported in 1990 [18]. Since then, various institutions have
adopted this technique for treating patients with perforat-
ed peptic ulcers. Contraindications of laparoscopic treat-
ment of perforated peptic ulcers include large perforation,
previous abdominal surgery, posterior wall location of the
perforation, and poor overall health of the patient. Our
patient presented to the clinic 48 hours after symptom on-
set, with pronounced peritonitis and sepsis, which led to an
open operation consisting of laparotomy, ulcerorrhaphy,
and abdominal cavity sanitation and drainage.

CASE PRESENTATION

The patient, a 76-year-old woman, Ms. K.L., was
brought to the clinic as an emergency case and admitted to
the emergency department. She reported abdominal pain
and discomfort, primarily in the lower abdomen, along
with nausea, dry mouth, and general weakness. She had
been experiencing severe pain over the past few months
due to a cervical vertebra fracture and the postopera-
tive condition following its fixation. Notably, the patient's

Figure 2. Perforated ulcer of the posterior gastric wall

main complaints upon admission were severe spinal pain
at the postoperative site and a dull pain and discomfort in
the lower abdomen. On examination, the defect was not
pronounced; palpation was painful, mainly in the lower
abdomen; and Bloomberg's sign was positive in the low-
er abdomen, despite a soft abdominal wall. An abdominal
radiograph and CT scan were performed, revealing free
air in the abdominal cavity, including the subdiaphragmat-
ic spaces. After appropriate preoperative preparation,
which included correction of acid-base balance, blood
gases, and electrolytes, and hemodynamic parameters,
the patient underwent emergency surgery: laparotomy,
suturing of two perforated gastric ulcers, and drainage of
the abdominal cavity. Diffuse biliary-ulcerative peritonitis
was found, with a callous ulcer measuring 0.5-0.5 ¢cm and
a perforated hole, perifocal inflammation, and a peritone-
al fluid collection on the anterior wall of the pyloroantral
part (Figure 1).

After suturing the first ulcer, a thorough lavage of
the abdominal cavity was performed. During revision, a
second perforated hole measuring 0.8x0.8 cm was iden-
tified on the posterior wall of the stomach, closer to the
body (Figure 2). This perforated ulcer was then sutured.
The postoperative course was uneventful. Treatment was
carried out according to protocol, including a proton
pump inhibitor, amoxicillin, and clarithromycin, along with
correction of acid-base balance, blood gases, and elec-
trolytes, as well as symptomatic management. On the 9th
postoperative day, the patient was discharged from the
clinic in satisfactory condition for outpatient follow-up un-
der a gastroenterologist's supervision. Gastroscopy was
performed according to the established protocol.

DISCUSSION

Peptic ulcer perforation is a surgical emergency that
still carries a high risk of mortality. We successfully diag-
nosed and treated a rare case of synchronous perforation
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of two gastric ulcers. Thorough intraoperative revision
allowed us to identify a second perforated defect on the
posterior wall of the stomach and eliminate this pathology.
Finally, all surgeons should strictly adhere to the fundamen-
tal principle of abdominal surgery: performing a thorough
revision of the abdominal cavity in all cases of diffuse peri-
tonitis, even when the primary pathology is clearly visible.
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CONCLUSION

All surgeons performing surgery for perforated ulcers,
whether open or laparoscopic, should be aware of the
rare but possible occurrence of simultaneous perforation
of two ulcers. A thorough intraoperative examination of
the abdominal cavity is the most effective method for de-
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Rezume Gastric volvulus is a very rare disease, accounting for approximately 0.5% of all abdominal volvulus cases. It presents as
acute or chronic abdominal pain and vomiting, most commonly in young and middle-aged individuals, or in young children
with congenital gastrointestinal anomalies. The hallmark features are impaired blood supply to the gastric tissues and
obstruction of the gastrointestinal passage. Diagnosis relies on gastroscopy, radiological imaging, and computed tomogra-
phy. Prompt surgical intervention is mandatory to prevent complications.

The paper discusses the case of a 66-year-old woman who complained of diffuse abdominal pain, bloating, nausea, gen-
eral weakness, vomiting, and inability to tolerate both food and liquids. Her history included laparoscopic cholecystectomy
and Nissen-type surgery on the esophagus (which presumably became the cause of gastric volvulus). Using the above
investigations, the diagnosis was established, and emergency surgery was performed. The stomach was of large size,
markedly distended, occupying almost the entire abdominal cavity, twisted by 180 degrees, and fixed by dense adhesions.
The pyloro-antral part of the stomach was displaced beneath the diaphragm; both the esophagus and the duodenum were
twisted. This represented gastric volvulus, due to which the esophagus and duodenum were non-patent. Posterior to the
esophagus, the fransverse colon, together with the greater omentum, was visualized. There was a pronounced adhesive
process around the stomach. Adhesiolysis and visualization of anatomical structures were achieved. Detorsion of the stom-
ach and reposition of the transverse colon to the anatomical location were carried out after dismantling the esophageal
“cuff” (previous Nissen-type procedure). Patency of the esophagus, stomach, and duodenum was restored. Gastropexy of
the fundus and antrum to the anterior abdominal wall was performed, after which the stomach and duodenum assumed
their physiological position. The stomach color was normal. The postoperative period was uneventful. The patient was
discharged from the clinic on day 4. Contemporary diagnostic methods allow rapid diagnosis and emergency surgery for
this rare pathology. Surgical management includes adhesiolysis, detorsion of the stomach, restoration of patency of the
esophagus, stomach, and duodenum, and gastropexy.

Key words: stomach, volvulus, adhesiolysis, gastrotomy, gastrorrhaphy, esophagorrhaphy, detorsion, gastropexy.

INTRODUCTION increase risk. Increased intra-abdominal pressure from
chronic constipation, persistent cough, or frequent vomit-
ing is another cause [3,5,12].

Gastric volvulus can follow surgeries like small intes-
tine resection, fundoplication for reflux, and truncal vag-
otomy [2,9,10,14].

Two pathogenetic stages of gastric volvulus exist. In
the first stage, the stomach twists less than 180 degrees,
making it hard for food to pass into the intestine. In the
later stage, the twist exceeds 180 degrees. The upper and
lower stomach openings close, resulting in a serious block-
age. Decreased blood flow to the stomach wall increases
tissue death. This can lead to stomach wall perforation and
severe abdominal infection. If untreated, the death rate
is 50%. Early on, tfraumatic shock and spleen rupture are
risks; later, there is a high chance of inflammation of the
lung lining and pneumonia [1,2,6,9,13].

Diagnosis is difficult due to rare, non-specific signs.
Investigations include radiography, endoscopy, CT, and
laparoscopy.

Emergency surgery is always required for gastric vol-
vulus. Conservative therapy fails.

Gastric volvulus is the twisting of a hollow organ
around its axis with displacement. It leads to impaired
blood supply to gastric tissue and disrupted passage of
gastrointestinal contents [3,4]. The disease presents with
severe upper abdominal pain, persistent vomiting, and
abdominal distension. Diagnosis is clinical, radiologic
[computed tomography], and endoscopic [7,12]. Surgical
intervention is required, including correction of torsion and
fixation of the stomach to the abdominal wall [1,3,11].

The disease is rare, accounting for 0.5% of cases of
abdominal volvulus. It occurs in young and middle-aged
individuals. Congenital gastrointestinal anomalies occur in
early childhood. Delayed diagnosis often leads to high mor-
tality [4,8,13,15]. The condition's etiology is unknown and is
most often linked to individual anatomical features, such as
constitutional weakness, underdeveloped gastric ligaments,
and gastrointestinal developmental defects [1,2,6,15].

The following conditions contribute to disease devel-
opment. Diaphragmatic hernia is the most frequent cause.
Risk also increases with phrenic nerve damage, leading to
diaphragmatic relaxation. Plant-based or very fatty foods
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Figure 1. CT image demonstrating a distended and twisted stomach.

Early diagnosis and modern surgery lead to good out-

comes [3,7,9,12].

CLINICAL CASE

We present a case from our practice. T.M., a 66-year-
old woman, was admitted to the clinic on 27.10.2025 as
an emergency. On admission, she reported diffuse ab-
dominal pain, bloating, nausea, weakness, and vomiting
even after drinking liquids.

Brief history: She previously underwent appendecto-
my; in April 2025, she had a laparoscopic cholecystecto-
my and Nissen fundoplication for a hiatal hernia.

Symptoms progressed over five days; the patient could
not tolerate food or liquids, had severe pain [especially in
the upper abdomen], and sought care at our clinic.

Clinical, lab, and imaging studies were performed.

Ultrasound showed no free fluid. Intestines were dis-
tended with gas. The stomach held large amounts of liquid.

Gastroscopy showed swollen, soaked mucosa above
the cardiac sphincter; the scope could not pass beyond.
Neither the stomach nor the duodenum could be seen, and a
biopsy probe could not be inserted. This raised the question:
Is there a narrowing in the lower third of the esophagus?

A CT scan of the abdominal cavity in angiographic
mode was performed. No free fluid or gas was detect-
ed in the abdominal or pelvic cavities. After intravenous
bolus contrast injection, the aorta and major vessels were
patent; no pathological stenoses or dilatations were noted.
Oral contrast did not pass beyond the esophagus, which
was dilated and filled with fluid content. The stomach was
displaced and markedly distended, containing a large
amount of liquid and gas; the lumen was narrowed both
proximally and distally. The pylorus was abnormally locat-
ed, subdiaphragmatic, and a left gastric volvulus was sus-
pected. The transverse colon was displaced and visualized

medial to the stomach. The remaining structures showed no
remarkable changes. Figure 1.

Emergency surgery was performed the same day.
Laparotomy was done through a midline incision from the
xiphoid process to the left of the umbilicus. The stomach was
large, distended, and occupied almost the entire abdominal
cavity. It was twisted 180 degrees and fixed by dense ad-
hesions. The pyloro-antral part was beneath the diaphragm.
Both the esophagus and duodenum were twisted, making
neither patent, and the stomach was severely distended.
Posterior to the esophagus, the transverse colon and great-
er omentum were visible. Dense adhesions surrounded the
stomach, making anatomical differentiation difficult.

Due to technical difficulties, blunt and sharp adhesioly-
sis was performed. Anatomical structures were visualized.
Detorsion was achieved after adhesiolysis and gastrot-
omy. Gastric decompression via a nasogastric tube was
performed. Placement of the tube was possible after de-
compression, which was not possible before due to vol-
vulus. Gastrorrhaphy was performed. Adhesiolysis on the
lesser and greater curvatures followed. The transverse
colon was repositioned to its anatomical location. Sutur-
ing of the deserosated esophagus was carried out, and the
exposed lesser curvature was restored. The gastrocolic
ligament was also reconstructed. A nasoenteric tube was
advanced via the Treitz ligament into the jejunum by 15
cm. An additional nasogastric tube was placed through the
other nostril. Patency of the esophagus, stomach, and duo-
denum was restored. Gastropexy of the fundus and antrum
to the anterior abdominal wall was then performed, result-
ing in physiological positioning of the stomach and duode-
num. Gastric walls were pink and viable. The abdominal
cavity was irrigated with Betadine solution. Hemostasis
was complete. Two drains were placed: one in the Doug-
las pouch, exteriorized through a separate counterincision
in the right iliac fossa; the second in the left iliac fossq,
exiting via the left lateral gutter.

The postoperative period was uneventful. The patient
was discharged on postoperative day 4 in satisfactory
condition under outpatient care. She had no complaints.
Sutures were removed on an outpatient basis, and the
wound healed by primary intention.

CONCLUSION:

Gastric volvulus is an extremely rare pathology, and
timely diagnosis is sometimes difficult. With modern clin-
ical, laboratory, and instrumental diagnostics such as ul-
trasound, gastroscopy, and computed tomography, timely
recognition and emergency surgery are possible. Surgical
management includes adhesiolysis, detorsion, restoration
of patency of the esophagus, stomach, and duodenum,
and gastropexy. It should be assumed that in the present-
ed case, the cause was laparoscopic cholecystectomy and
Nissen-type antireflux surgery performed five months ear-
lier. This case demonstrates the critical importance of early
diagnosis and adequate treatment.
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We described a case of successful treatment of common hepatic duct injury during laparoscopic cholecystec-
tomy in a subject with acute calculous cholecystitis complicated with Mirrizzi syndrome. On the 3rd postopera-
tive day following laparoscopic cholecystectomy, the patient developed mechanical jaundice and bile leakage
from the abdominal drain. CT, MRCP, and ERCP have confirmed common hepatic duct injury (E3 according to
the Strasberg-Bismuth classification). On the 10th day, the reconstructive operation with formation of hepa-
ticojejunal anastomosis by Roux. In the article, we described methods for preventing bile duct injuries during
laparoscopic cholecystectomy (critical view of safety, Rouviere's sulcus, "fundus-first" technique, subtotal cho-
lecystectomy, and the use of fluorescent indocyanine green).

CASE PRESENTATION

Patient, female, 24 years old, arrived at the emergen-
cy department with pain in the right upper quadrant, which
irradiated to the back; nausea and vomiting; temperature
(38.5 C°); general weakness. Presenting symptoms, which
occurred several days ago, were exacerbated on the day
of arrival at the hospital.

Physical examination indicated positive Murphy's sign.
Ultrasonography: sludge and calculus in the gallbladder.
Ultrasound examination after patient repositioning re-
vealed an immobile calculus in Hartmann's pouch. Diag-
nosis: acute calculous cholecystitis. The surgical team per-
formed a Laparoscopic Cholecystectomy (LC) within a few
hours, during which the surgeon encountered the following
complicating factors:

Right intrahepatic duct Leftintrahepatic duct

Gallbladder

Common bile duct

Caleulus

Figure 1. Preoperative picture of patient’s bile

ducts on arrival (13.09.2023)

Right intrahepatic duct

Figure 2. Clipping of common bile duct:
proximal clip is 2-3 mm below confluence;
The distal clip is on the common bile duct

1. Mirizzi syndrome has been diagnosed and classified
as 3A according to the latest Carmen Payd-Llorente
classification compiled in 2017 [1] (Fig. 1).

2. The gallbladder is located near the level of confluence,
which could confuse the identification of important an-
atomical structures (Fig. 2).

3. Left and right intrahepatic ducts were located deep in
the parenchyma, which made it impossible to identify
the location and configuration of confluence.

4. The right intrahepatic duct passed in proximity to the
wall of the gallbladder, which led to the accidental in-
jury of the duct during the separation of the gallblad-
der from the visceral surface of the liver (Fig. 3).
During the first postoperative days, the patient pre-

sented with bile in the drainage, jaundice, and pain in the

right subcostal area.

Damage of the wall of
right intrahepatic duct
accidentally caused by
ultrasound hook during
retraction of gallbladder

Left intrahepatic duct
from liver

Clips

Bile
Figure 3. Damage of the wall of right infrahe-

patic duct during separation of gallbladder
with ultrasound hook
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Table 1. The table shows dynamic of dilatation of left hepatic duct

during all intrahospital period

The date of investigation The width of left hepatic duct

13.09
) 4mm
1st operation

15.09 Amm

20.9 5mm

22.09 6
ERCP; 2nd operation mm

26.09 4.8mm

30.09 2.5mm

On the 5th day after LC, an investigation of the bile
ducts was conducted in axial/sagittal/portal planes using
T2, FIESTA, and MRCP modes. Imaging revealed an insig-
nificant amount of fluid collection and infiltrative changes
within the postoperative abdominal cavity. Fluid collection

persisted throughout the postoperative period until dis-
charge.

The dynamics of left hepatic duct dilatation were
traced from the moment the patient arrived at the clinic
(table 1).

Figure 5. Damage of the wall of right intrahepatic duct during separation of gallbladder with ultrasound hook.

Figure 6. Bismuth-Strasberg classification of bile duct injury.
Resource: https://www.researchgate.net/figure/Bismuth-Strasberg-classification-of -bile-duct-injury-A-Bile-
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Right intrahepatic duct

Left intrahepatic duct

Wall of the
confluence

thet left after
Common bile duct | removing the

dip

The bad of gallbladder
after dividing of
gallbladder from the
visceral surface of liver

Figure 7. The picture of patient’s bile ducts after LC

On the 8th day after LC, we conducted a Computer To-
mography (CT) contrast in angiography mode and found a
clip on the distal part of the right hepatic duct. The left he-
patic duct is dilated, measuring 6 mm in diameter (normal
up to 2 mm). Based on CT results, we identified an iatro-
genic injury to the common bile duct near the confluence.
(Fig.5)

After obtaining more detailed results from Endoscop-
ic Retrograde Cholangiopancreatography (ERCP), it has
been decided to proceed with a reconstructive operation.
The laparotomy was conducted, during which surgeons
found out that a proximal clip was placed 2-3 mm be-
low confluence and the right intrahepatic duct had been

Biliodigestive
anastomosis between
bile ducts and jejunum

Entero-entero
anastomosis

Figure 8. The result of reconsructive operation: billiodigestive anastomosis;
formation of hepatojejunal anastomosis by Roux.

damaged, which had led to bile leakage. The distal clip
was placed on the Common Bile Duct (CBD). Part of the
Common Hepatic Duct (CHD) between the proximal and
distal clips was present. The patient had E3 biliary injury
according to the Bismuth-Strasberg classification [2] (Fig.
6), so no confluence between the right and left hepatic
ducts was considered. However, ducts were not fully di-
vided. Damage was on the level of confluence, and the su-
perior intrahepatic wall of this confluence was intact. (Fig.
7) Hepato-jejunal anastomosis by Roux was formed intra-
operatively. (Fig. 8) Postoperative period passed without
complications. The patient was discharged on the 12th

Figure 9. MRl and CT results in one month after reconstructive operation. The plces where anastomosis has been placed is pointed with arrow.
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Figure 10. Clearance of surrounded tissue from hepatocystic triangle
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Figure 11. Visualisation of vascular structures (Calot’s triangle)

Figure 12. The difference between Calot’s triangle and Bode Rocko triangle. Green: Calot’s triangle; Blue: Bpde Rocko triangle.

postoperative day. The patient has returned to a common
lifestyle in 6 months. (Fig. 9)

latrogenic injuries after LC occur in 0.5% of cases. In
the present hepatobiliary surgery, some rules and tech-
niques for conducting safe LC were highlighted.

1.CVs

First applied 30 years ago, Critical View of Safety
(CVS) has become a gold standard for all surgeons per-
forming laparoscopic cholecystectomy (LC).

This technique includes 3 steps:

1. Dissection of the surrounding tissue from important

vascular structures. (Fig. 10)

2. Separation of the lower 1/3 of the gallbladder

from the liver.

3. Visualisation of vascular structures. [3]

According to the Tokyo Guidelines 2018 (TG18) [4],
surgeons should adhere to the 3 steps of CVS to minimize
the risk of Bile Duct Injury (BDI) and cystic artery bleeding.

In this technique, the key role is played by Calot's trian-
gle, the borders of which are formed by crucial structures
that should be identified precisely: the cystic duct (lateral-
ly), the cystic artery (superiorly), and the common bile duct
(medially). (Fig. 11) Throughout these years, Calot's trian-
gle has become an inevitable part of LC. However, some-
times, if the liver margin is counted as the upper border of
the triangle, it is modified in the Bode Rock triangle (he-
patocystic). (Fig. 12) As the cystic artery (which is tradi-
tionally considered as the upper board of Calot's triangle)

44

has different variants of performing and can compromise
the CVS, the Bode Rocko triangle is considered a safe and
clear method for conducting CVS. First, the inferior mar-
gin of the liver is a constant structure with no anatomical
variations. Another point is that in the Bode-Rocko triangle,
surgeons can identify the Lund or Moskagni node, which
is also a helpful landmark in patients with normal BMI. [1]

Despite its advantages and the need to provide CVS,
this technique falls short of accurately representing the bil-
iary tree's unconventional anatomy. For instance, accord-
ing to the prevalence-based classification of anatomical
biliary variants [6], the presence of type 4 and type 5 vari-
ants can lead to misinterpretation of the patient's anatomy,
with subsequent postoperative complications even with
conducted CVS. This fact also represents the usefulness of
using the Bode Rocko triangle instead of Calot's triangle.
Moreover, Mirrizzi syndrome also makes it impossible for
a surgeon to visualize vascular structures and skeletonize
them. In such cases, CVS fails, and the gold standard for
resolution of these situations is subtotal cholecystectomy,
which will be considered later.

2. Rouviere's sulcus (RS)

For surgeons, it is also important to precisely determine
the level of soft-tissue dissection due to the high risk of
Common Bile Duct Injury (CBDI) and Cystic Artery Bleed-
ing (CAB).

This line is placed between Rouviere's sulcus and the
umbilical ligament. Rouviere's line allows defining the safe
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level of manipulation in the Bode Rocko triangle area to
avoid complications [5]. Thus, after representing this imag-
inary line, the surgeon should adhere to the rule which can
be briefly formulated as "over-done, under-nonel", so the
operator should not work under the level of Rouviere's line.

Rouviere's sulcus is used during both LC and open cho-
lecystectomy. Though during LC, the visualisation of this
structure is better. Rouviere's sulcus can be seen as either
a white line or a true sulcus. It can be classified according
to profundity and appearance: open, closed, slit, and scar
[7]. The open sulcus continues to the porta hepatis and can
be measured with length, breadth, and depth. Closed sul-
cus is partly visible and looks like a fossa in the parenchy-
ma of the Vth segment. Slit sulcus is the last visible grade
of sulcus, where only length can be measured. The scar
sulcus appears as a white line with no relief differences
compared to the surrounding parenchymatous tissues.

Nevertheless, in some patients, we cannot detect Rou-
viere's sulcus, which may be an anatomical variation. In
this case, it becomes impossible to use this landmark.

3. "Fundus-first" technigque

In some cases, when CVS fails and a traditional ap-
proach is not feasible, the "fundus-first" technique is the
last step before more radical bailout strategies, such as
subtotal cholecystectomy or conversion to open cholecys-
tectomy.

The concept of "fundus-first", also known as "fundus
down", "retrograde cholecystectomy" or "dome down",
differs from the traditional approach only at the beginning,
from the fundus of the gallbladder, because the CVS can-
not be completed. The reasons can include: adhesions in the
area of Calot's triangle or the Bode-Rocko triangle; severe
inflammation; BMI < 30; Mirrizzi syndrome; an anomalous
bile duct; necrotic changes around the gallbladder and in
Calot's triangle; and other reasons. Beginning with the dis-
section of the gallbladder from the visceral surface of the
liver, the procedure proceeds to the cystic duct and cystic
artery, culminating in their visualisation and clipping. Thus,
"fundus-first" allows precise identification of the structures
entering the gallbladder and clips them [8].

"Fundus-first" technique is a controversial way of con-
ducting cholecystectomy because it is associated with a

high risk of Vascular-Billiar Injury (VBI). Anatomical vari-
ations in the elements of the porta hepatis make it impos-
sible for the surgeon to reduce the risk of VBI, especially
in patients with chronic inflammation, biliary inflammatory
fusion, and contraction [9]. Moreover, clipping the cystic
artery at the end of gallbladder retraction is associated
with greater blood loss during the operation [5].

Though, the dissection about merits and demerits of this
technique continue, Society of American Gastroenterolo-
gists and Endoscopic Surgeons (SAGES) gives a recom-
mendation: "When the critical view of safety cannot be
achieved and other methods during laparoscopic chole-
cystectomy cannot clearly define the biliary anatomy, we
suggest that surgeons consider subtotal cholecystectomy
over total cholecystectomy by the fundus-first (top down)
approach (expert opinion)" [10]. Moreover, the Tokyo
Guidelines 2018 state that, in cases of severe inflamma-
tion of the Calot's triangle, this technique can offer an al-
ternative to LC without risk of BDI or conversion to open
cholecystectomy [4].

4. Subtotal cholecystectomy

Subtotal cholecystectomy (STC) is one of the bailout
procedures that allows for gallbladder removal in cases
when CVS is impossible to achieve. STC is the last feasible
laparoscopic way of treating acute cholecystitis before
the last existing option- open cholecystectomy, which is
associated with high risks of complications.

STC can be divided into 2 types: fenestrating and re-
constituting.

| - Fenestrating STC

The fenestrating way of conducting STC includes the
excision of the peritonealised part of the gallbladder; ex-
traction of the content of the gallbladder, and closure of
the cystic duct from inside the gallbladder using a purse-
string suture. [11]

While excising the peritonealised part of the gallblad-
der, the surgeon should leave the lowest edge. This part
serves as a "shield" to help prevent BDI while working
in Hartman's pouch. This landmark, called the "shield" of
McElmoyle, is presented as an important detail in fenes-
trating STC [11] (Fig. 13).

purse-string suture

Figure 13. Fenestrating STC

Figure 14. Reconstituting STC; the stump
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I - Reconstituting STC

The difference between fenestrating and reconstituting
STC lies in the last steps: in reconstituting STC, the surgeon
should close the remnant of the gallbladder with interrupt-
ed sutures, as shown in the picture (Fig 14) [11]

As we can see, the choice between fenestrating and
reconstituting the STC depends on whether to close the
cystic duct from within or leave the gallbladder stump.

Depending on the chosen technique, some advantages
and disadvantages can be achieved. More preference is
given to fenestrating STC because of decreased risks of
postoperative complications, such as gallbladder remnant,
associated with the lowest part of the gallbladder, which
is left re-established as it performs in reconstituting STC.
On the other hand, the use of fenestrating STC can lead to
the incidence of bile fistula, and this kind of complication
is less likely to occur after reconstituting STC. However,
it was concluded that of these 2 postoperative complica-
tions, the bile fistula is less problematic, as it has resolved
spontaneously in many patients [11]. In contradiction to
this, gallbladder remnant exacerbated the quality of pa-
tients' lives, causing pain, jaundice, and fever, so it requires
reoperation.

The most reasonable decision in cases with STC to re-
duce the risk of complications is to perform it in a recon-
structive manner using that small stump, which can be equiv-
alent to cystic duct closure, as in fenestrating STC [11].

8. Fluorescent Indocyanin Green

Using Indocyanin Green (ICG) during acute cholecys-
tectomy is a relatively new method of visualisation of bile

Advantages of ICG imaging

3'36.53 éoénganqnb badoﬁmga@mb dnﬁ'gﬁannb 30053

ducts in patients with severe inflammation, Mirrizzi syn-
drome, and bile duct or gallbladder tumors [12].

To provide an LC with augmented redlity, the clinic
should have special equipment that compares two wave-
length-isolated light sources: a white light source and a
near-infrared light source. When ICG is administered, it is
metabolized within 2-5 min and excreted by the liver cells
within 10 min. Lightning reaches its peak in 2-2,5 hours
[13]. That is why, in elective cases, the use of ICG is more
relevant than in urgent operations, where time plays a key
role. At the same time, visualization of bile ducts using ICG
is more necessary in urgent cholecystectomies. However,
the fluorescent pigment's representation can take a com-
paratively long time in an emergency.

ICG can be used not only for BDI prediction, but also
for bleeding prevention. When a surgeon has difficulty
identifying the cystic artery, the i/v injection of ICG solu-
tion can be used. This intraoperative administration meth-
od can provide visualisation of the artery in 20-40 sec
over a 20-30 sec period [13].

The SAGES recommends ICG integration LC routine:
"We suggest that the use of near-infrared imaging can be
considered as an adjunct to white light alone for identifica-
tion of biliary anatomy during cholecystectomy. Guideline
Development Group (GDG) noted that relying on near-in-
frared imaging must not be a substitute for good dissection
and identification technique (expert opinion)" [10].

This modern way of predicting BDI and bleeding has
its own advantages and disadvantages, presented in the

table below (Table 2).

Table 2. Advantages and disatvantages of using ICG imagingduring LC

Disadvantages of ICG imaging

1. Ability to provide individual approach to patients’ anatomy
2. Visualisation of feasible aberrant ducts
3. Ability of visualizing either ducts or arteria

4. Control of bile leakage as a result of BDI during all steps of
operations

5. Ability to visualise bile ducts in patient with Mirrizzi syndrome and
primary or secondary tumors of bile ducts

>~ owoN

. High price of ICG liquid

. Difficulties in exploitation during emergence operations because relatev-

. Possible allergic reactions, including intraoperation anaphylaxis

Complementary special equipment.

Long representation time

ely long time of representation (1.5 - 2 h)
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Tracheostomy is the most common procedure in the intensive care unit. Its indication is mainly prolonged intubation. Various
studies have determined that 10% of intubated patients require a fracheostomy.

The article discusses the anatomical features of the neck, trachea, and thyroid gland. 70 cases of open surgical tracheos-
tomy performed in intensive care patients over a continuous two-year period are presented, including 53 (75.7%) patients
over 60 years of age.

The importance of correct positioning of the patient on the operating table and selection of a skin incision on the anterior
surface of the neck is presented. Technical aspects of the operation, selection of the correct localization of the tracheal
incision by the surgical team. In intensive care patients, preference is given to relatively “high” tracheostomies, mobilization
of the isthmus and edges of the thyroid gland.

Open surgical tracheostomy in intensive care patients is not an easy operation to perform. The operation must be per-

formed in an operating room with appropriate equipment, by a suitably qualified team.

Key words: Tracheostomy; Open Surgical Technique; Intensive Care Unit; Mechanical Ventilation;

Thyroid Gland Anatomy.

Tracheostomy represents one of the oldest known sur-
gical procedures, with images dating back to 3600 BC. In
the early twentieth century, Chevalier Jackson established
the principles of tracheostomy, which clinicians still follow
today [1,2,3].

The term "tracheostomy" refers to the surgical creation
of a stoma that opens the trachea onto the anterior surface
of the neck.

Tracheostomy currently constitutes the most common
surgical procedure in patients receiving mechanical venti-
lation. Various studies report that intensive care unit physi-
cians perform tracheostomy in approximately 10% of ICU
patients. The main indications for this procedure include
prolonged endotracheal intubation, frequent lower air-
way clearance, and upper airway obstruction [1,6]. Many
authors consider it appropriate to perform tracheostomy
after 9-10 days of intubation [1,2,5].

Although tracheostomy is the most frequently per-
formed surgical procedure in intensive care patients, sur-
geons have not yet established a single, universally accept-
ed method [5]. We usually describe the tracheostomy as
upper, middle, or lower, in relation to the thyroid isthmus.
Because the anatomical relationships vary considerably,
the terms "upper" and "lower" do not always correspond to
"high" and "low" tracheostomy. This has been emphasized
by V.S. Lyande (1957) and M K. Perelman (1972) [é].

According to various authors, the trachea consists of
16-20 or 18-22 cartilaginous rings. In the cervical re-
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gion, surgeons usually identify 4-5 rings; every 1 cm of
tracheal length contains roughly two rings, each about 4
mm wide. On average, the trachea measures 10-13 cm in
men and is shorter in women.

The isthmus of the thyroid gland most commonly over-
lies the 2nd to 4th tracheal rings [3,4,7].

The anatomical configuration of the thyroid gland also
plays an important role. In 1895, C.F. Marshall noted that
it is difficult to define a single "normal" anatomy of the thy-
roid gland. He proposed a classification based on differ-
ences in the presence and position of the pyramidal lobe
and described 17 distinct forms [7].

Large-scale studies from the UK, which analyzed 70
general intensive care units, showed that performing a tra-
cheostomy within the first 4 days of ICU care does not re-
duce mortality. These studies also demonstrated that inten-
sive care physicians cannot reliably predict which patients
will ultimately require tracheostomy [1,2,5,6].

In 1998-2000, M.A. Ognerubov and co-authors de-
scribed 12 variants of thyroid morphology:

1. Pyramidal lobe on the right (12%)

2. Pyramidal lobe in the center (17%)

3. Pyramidal lobe on the left (31.4%)

4. Butterfly-shaped (30.6%)

5. Without a bridge (lobes separated) (21.7%)

6. Asymmetrical (11.2%)

7. Large and wide isthmus (8%)

8. Thin and narrow isthmus (8.25%)
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9. Triangular shape (10.8%)

10. Crescent shape (12.8%)

11."H" shape (11.1%)

12. Without a bridge, with lobes in close contact (3.3%)

The upper edge of the thyroid gland may extend from
the lower border of the thyroid cartilage to the lower bor-
der of the cricoid cartilage. In contrast, the lower edge
may reach from the cricoid cartilage to the suprasternal
notch. Surgeons encounter a wide and large isthmus in
about 8% of cases and observe closely apposed lobes
without an isthmus in approximately 3.4% of patients [7].

Anatomical variants of the thyroid and trachea strong-
ly depend on typical features of the neck, particularly on
absolute measurements of neck length and width [7].

Many authors recommend that surgeons perform open
surgical tracheostomy, with rare exceptions, in a fully
equipped operating room, with adequate lighting and in-
strumentation, and under the supervision of a team of ex-
perienced surgeons and anesthesiologists [2,3,4].

The patient lies in the supine position, and the surgeon
fully extends the neck by placing a pillow or bolster under
the shoulders and tilting the head backward. The neck must
remain in the midline. Before starting the incision, the sur-
geon identifies and marks key landmarks from the cricoid
cartilage down to the suprasternal notch [2,3,4].

Investigators classify tracheostomy complications as
intraoperative, early postoperative (up to 7 days), and
late (after 7 days). Engels P.T. et al. [5,6] report that the
most frequent complication of open surgical tracheostomy
is paratracheal placement of the tracheostomy tube (up to
10%), which can lead to subcutaneous emphysema and
pneumomediastinum. In the early postoperative period, the
most common complications include bleeding (up to 80%),
wound infection (up to 63%), and unintended decannula-
tion (up to 15%). Among late complications, tracheal ste-
nosis occurs in up to 63% of cases, and patients may also
develop a rigid tracheostomy tract after decannulation
[5,6].

Most authors prefer a transverse skin incision, placed
midway between the cricoid cartilage and the jugular fos-
sa [1,2,3]. Some Russian authors recommend a longitudi-
nal midline incision from the cricoid cartilage to the jugular
fossa in critically ill patients, due to both the severity of
their condition and the technical challenges of the oper-
ation [5].

After incising the skin and superficial cervical fascia
and retracting the prethyroid muscles, the surgeon usually
divides the thyroid isthmus to expose the operative seg-
ment of the trachea [3]. The surgeon then performs trans-
verse tracheal dissection between rings 2-3 or 3-4. If
necessary, the surgeon can pull the trachea upward and
forward using a tracheal hook, which facilitates fixation
of the skin to the edges of the tracheal opening [1,2,3,5].

In this article, we present 70 cases of open surgical tra-
cheostomy performed in intensive care unit patients over a
continuous 2-year period. During the same period, we also
performed three emergency tracheostomies in patients
outside the intensive care unit. In extremely severe, prac-

tically hopeless patients with a very short, wide neck, we
created six tracheostomies between the first and second
tracheal rings and three between the cricoid cartilage and
the first tracheal ring. We also performed one conicotomy
between the thyroid and cricoid cartilages in an extremely
critically ill ICU patient.

We usually performed tracheostomy on days 9-10 of
mechanical ventilation. In six patients, we operated on the
first or second day for other indications, not for prolonged
ventilation.

Patient age ranged from 17 to 92 years. Fifty-three
patients (75.7%) were older than 60 years; the cohort in-
cluded 36 females and 34 males.

We carried out almost all operations under general
anesthesia in the operating room. Only in two extremely
critically ill patients did we perform the procedure direct-
ly in the intensive care unit. Correct patient positioning
proved crucial: we placed a pillow under the shoulders
and carefully aligned the neck in both the sagittal and
frontal planes.

Most intensive care patients in our series were elder-
ly and showed some degree of cervical spine ankylosis,
which was further aggravated by prolonged immobiliza-
tion during mechanical ventilation. Consequently, we often
could not achieve sufficient head extension for optimal sur-
gical exposure. In relatively young patients with a normal
neck length, full extension increases the distance between
the cricoid cartilage and the suprasternal notch to about
6 cm. In elderly, short-necked patients, this distance may
decrease to about 3 cm. In five patients, we observed a
rotated neck; even after repositioning the head, we could
not fully center the trachea in the operative field. All these
factors significantly complicated the surgery.

In all cases, we used a Kocher-type transverse arcuate
skin incision measuring 5-6 cm and locally excised excess
subcutaneous fat down to the third cervical fascia. After
additional fascial mobilization, we extended the incision
longitudinally from the lower edge of the thyroid cartilage
to the suprasternal notch. Once we opened the second
fascia longitudinally, we exposed the thyroid gland and
the anterior tracheal wall.

In intensive care patients, we prefer to create a rel-
atively "high" tracheostomy. In most cases, this approach
requires resecting the isthmus and performing limited mo-
bilization or resection of the adjacent thyroid lobes.

After incising the trachea, we can pull it upward and,
if necessary, construct arelatively "low" tracheostomy be-
tween the third and fourth rings. However, in short-necked
patients, this configuration may lead to problems in the
postoperative period. When the head remains relatively
elevated, the traction can cause skin fixation sutures to cut
through the skin near the trachea. We observed this com-
plication in 2 of our patients.

During the operation, the anesthesiologist advances
the endotracheal tube as far as possible toward the tra-
cheal bifurcation. This maneuver provides crucial informa-
tion about the trachea's orientation and reduces the risk of
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cuff injury. After we obtain this information, we decide on
the exact site of the tracheal incision.
In all cases, we closed the mobilized edges of the thy-
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We did not observe any major postoperative compli-
cations. The only issues involved two cases in which the
skin fixation sutures cut into the skin.

roid gland with Z-sutures to ensure reliable hemostasis.

CONCLUSION:

We performed tracheostomy without manipulating the
thyroid gland in only 11 of 70 patients (15.7%).

Open surgical tracheostomy in critically ill, elderly,
In most cases, we transected the trachea transversely

mechanically ventilated patients is not a simple procedure.

between rings 1-2 or 2-3. We fixed the upper and lower Surgeons should, whenever possible, perform this opera-

skin flaps to the edges of the tracheal opening with two tion in a fully equipped operating room, working together

sutures each and then placed additional skin sutures later- . . : .
with experienced anesthesiology and surgical teams. The

ally. We inserted an adjustable-length tracheostomy tube, ) .
g : N ) surgeon must determine the precise level of the tracheos-
which allowed us to adjust the tube position in patients
with a short neck and a short trachea. At the end of the

procedure, we placed a dressing under the tracheostomy

tomy intraoperatively, taking into account the individual
anatomy of the neck, trachea, and thyroid gland. In pa-
tients who require prolonged mechanical ventilation, we

site and secured the tube around the neck with straps that recommend relatively "high” fracheostomies, which gener-

provided moderate compression. ally demand appropriate intervention on the thyroid gland.
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invasion, achieving RO resection.
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Background: Appendiceal neuroendocrine tumors (ANETs) are rare and often present alongside acute appendicitis [1, 4]. Tu-
mors larger than 2 cm are associated with high oncological risk according to leading guidelines (NCCN, ENETS) [11, 12]. De-
termining the extent of surgery (achieving RO resection status) in emergency settings remains a complex clinical dilemma [7].

Case Presentation: We present the case of a 19-year-old patient diagnosed with acute appendicitis and a concomitant mas-
sive mass measuring 81x42 mm with regional lymphadenopathy on CT scan [9]. Based on high intraoperative oncological
suspicion, a one-stage right hemicolectomy was performed. Pathomorphology confirmed an appendiceal carcinoid with cecal

Conclusion: Our case underscores that in the presence of high-risk factors (size 22 cm, suspected invasion), one-stage radical
surgical infervention is a legitimate and ethically justifiable risk [10].

Key words: Appendiceal Neuroendocrine Tumor, Carcinoid, Acute Appendicitis, Hemicolectomy, RO Resection, Ki-67.

INTRODUCTION:
Relevance of the Topic and Clinical Challenge

Appendiceal neuroendocrine tumors (ANETs) repre-
sent a comparatively rare neoplastic entity [1]. Approxi-
mately one-third of these tumors present without specific
clinical symptomatology; instead, they produce luminal
obstruction of the vermiform appendix, which manifests
clinically as the classic presentation of acute appendici-
tis [8]. This scenario places the operating surgeon in an
exceptionally challenging intraoperative situation. During
emergency surgery, where inflammatory infiltration ob-
scures the operative field, the clinician must recognize a
potentially malignant neoplasm and make an appropriate
tactical decision.

In oncological surgery, the primary objective of any
resection is to achieve RO status — a resection margin free
of neoplastic cells — to preclude R1 or R2 resection, both
of which substantially worsen the patient's oncological
prognosis.

AIMS OF THE STUDY

The present study aims to:

1. Drawing upon the most recent international consen-
sus guidelines (NANETS [6], ENETS [12], and NCCN
[11]), we delineate the critical determinants of ANET
management: tumor size, depth of invasion, and lymph-
adenopathy.

2. Through detailed analysis of a clinical case, to substan-
tiate the legitimacy of single-stage radical surgical in-
tervention as the preferred approach to achieving RO
resection, notwithstanding diagnostic uncertainty.

LITERATURE REVIEW:
Controversy in the Surgical Management of ANETs

The surgical management of ANETs remains a subject
of considerable debate among oncological and colorectal
surgeons [4]. The principal challenge lies in the fact that
acute appendicitis entirely masks the clinical presentation
of appendiceal neuroendocrine tumors, and clinicians fre-
quently identify them as incidental findings. In these cir-
cumstances, the surgeon must make intraoperative deci-
sions under significant time constraints [7].

Historically, because clinicians regarded carcinoid
tumors as comparatively indolent neoplasms, they often
managed them conservatively and considered a simple
appendectomy sufficient. However, pathomorphological
studies and long-term observational data accumulated
over recent decades have demonstrated that the biolog-
ical behavior of these lesions is not uniform [1, 2]. Conse-
quently, tumor size has emerged as the foremost anatom-
ical criterion in determining the appropriate management
strategy.

The Philosophical Dilemma in Surgical Management: Con-
servatism versus Radlicalism

* Conservative approach (appendectomy): Proponents
of this strategy argue that the majority of tumors —
particularly small lesions (<1 cm) — carry a minimal
risk of metastatic dissemination [2].

* Radical approach (hemicolectomy): This position is
grounded in the primacy of oncological safety. Ad-
vocates contend that whenever there is any suspicion
of invasion or regional lymph node involvement, lym-
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phatic dissection is necessary to achieve RO resection.
In their view, the risk of R1/R2 resection is consider-
ably greater and less acceptable from an oncological
standpoint [10].

The Two-Stage Management Concept: Risk Factors for Tu-
mors Measuring 1-2 cm

The greatest degree of tactical uncertainty arises in
the management of tumors measuring 1-2 cm in greatest
dimension [7]. The literature favors a two-stage approach
in such cases: initial appendectomy followed by compre-
hensive pathomorphological examination of the resected
specimen.

Additionally, decisive risk factors that justify the per-
formance of hemicolectomy [11] include:

1. Ki-67 index and tumor grade: A Ki-67 proliferation
index of 23% is indicative of aggressive biological be-
havior [5, 6, 12].

2. Invasion of the cecal wall: When the tfumor extends to
the base of the appendix, appendectomy alone carries
a near-certain risk of R1 residual disease [7, 12].

3. lymphovascular invasion: The identification of neo-
plastic cells within blood vessels or lymphatic channels

[5,11].

International Guidelines and Size-Based Criteria (ENETS,
NCCN)

Contemporary international guidelines (NANETS [6],
ENETS [12], and NCCN [11]) now provide explicit rec-
ommendations based on tumor size and local invasion:

* low risk (generally <1 cm): The risk of metastatic dis-
semination in this category is minimal; accordingly, ap-
pendectomy alone is considered adequate.

* Intermediate risk (1-2 cm): Requires detailed patho-
morphological assessment with evaluation of all three
risk factors (Ki-67 index, depth of invasion, and lym-
phovascular invasion).

* High risk (22 cm): At this tumor dimension, the risk of
regional lymph node metastasis is substantially ele-
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vated [3]. Therefore, right hemicolectomy with lymph
node dissection, aimed at guaranteeing RO status, con-
stitutes the gold standard of care [11, 12].

The Factor of Emergency Surgery: nflammation and Neo-
plasia

Of particular significance are clinical scenarios anal-
ogous to the present case, in which ANETs manifest in
the context of acute appendicitis or periappendiceal ab-
scess. In circumstances where the visually estimated tumor
dimension clearly exceeds 2 cm and is accompanied by
regional lymphadenopathy [?9], the prevailing consen-
sus within the oncological community favors single-stage
radical resection [10]. This pragmatic approach aims to
prevent residual neoplastic disease (R1/R2) and to ensure
optimal oncological outcomes for the patient.

CASE REPORT

Diagnostic Findings and Clinical Presentation

Patient: A 19-year-old male presenting with severe
abdominal pain and elevated inflammatory markers (leu-
kocytosis, WBCT).

Computed tomography (CT) of the abdomen demon-
strated not only radiological signs consistent with acute
appendicitis, but also an 81x42 mm heterogeneous mass
in the periappendiceal region, accompanied by regional
lymph node enlargement [9]. These findings were strongly
indicative of a high probability of malignant neoplasia.

Operative Findings and Specimen Description

Intraoperative examination revealed a massive, in-
durated inflammatory infiltrate (approximately 8x6 cm),
associated with a periappendiceal abscess and high sus-
picion of cecal wall invasion. Given the elevated oncolog-
ical risk, the operating surgeon elected to proceed with a
single-stage right hemicolectomy.

Figure 1-A
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The resected specimen constituted a voluminous neo-
plastic mass. Figure 1A illustrates the gross appearance of
the specimen (resected hemicolectomy specimen).

Pathomorphological Confirmation and Final Diagnosis

Pathomorphological examination confirmed the fol-

lowing:

+ Carcinoid tumor (neuroendocrine neoplasm).

* Tumor invasion involving all layers of the cecal wall
and the adjacent mesentery.

* Resection margins negative for neoplastic involvement
(RO status achieved).

» Figure 1B presents the gross pathological appearance
of the specimen on cross-section (resected specimen
on cross-section).

Postoperative Course and Oufcome

The postoperative course was uneventful and compli-
cation-free. The patient was discharged with recommen-
dations for scheduled outpatient oncological surveillance,
given that complete (RO) oncological resection had been

achieved [10].

DISCUSSION:

Legitimacy of the Surgical Decision from an Oncological
Safety Perspective

The present case substantiates the validity of sin-
gle-stage radical surgical intervention in the setting of in-
traoperative diagnostic uncertainty [10].

Primacy of RO Resection in the Setting of Concurrent In-
fection

The tumor dimensions (22 c¢cm) and cecal wall invasion
indicated that appendectomy alone would have carried a
near-certain risk of R1/R2 resection [7]. Achievement of

References:

RO resection — the benchmark of oncological success —
was possible exclusively by means of hemicolectomy.

Ethical and Oncological Justification of the Surgical Ap-
proach

The prevailing oncological principle dictates that the
risk of oncological inadequacy (R1/R2 residual disease)
is substantially greater and considerably less acceptable
than the risk of performing an extensive resection for what
may prove to be a benign process [10].

CONCLUSION:

Recommendations and Management Algorithm

Practical recommendations:

1. Single-stage radical resection: When intraoperative
findings unequivocally demonstrate high-risk features
— such as a visually estimated tumor size 22 cm, ce-
cal wall invasion, or regional lymphadenopathy — the
surgeon should perform a right hemicolectomy as a
single-stage procedure [3, 10, 11, 12].

2. Two-stage cautious approach: When risk factors are
intermediate (tumor size 1-2 cm), and no overt signs
of invasion are identified, appendectomy followed by
definitive histopathological assessment is preferable.
In the event of confirmed high-risk features (Ki-67 =
3% and R1 margins), completion hemicolectomy is in-

dicated [5,7, 12].
Conclusion:

In the management of ANETs, the operating surgeon
should adhere to the principle: "An extended resection is
preferable to an inadequate one" [10] — a dictum that
ensures the patient's durable oncological safety and long-
term disease control.
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This case report presents a 6 1-year-old woman with a history of endometrial carcinoma, initially treated with hysterectomy
and chemotherapy in 2021. In 2023, due to pelvic disease recurrence, she received chemoradiotherapy followed by two
lines of systemic therapy for disease progression. In July 2024, further progression was identified, revealing a large retro-

Rezume

peritoneal tumor encasing major vessels and directly invading the left external iliac artery. Radiological imaging showed
no evidence of distant metastasis.

Following a multidisciplinary discussion, a surgical intervention was planned. The patient underwent an extensive tumor
excision, which included resection of the retroperitoneal mass along with the external iliac artery, followed by arterial
reconstruction using an ilio-femoral bypass procedure. Histopathological and immunohistochemical analysis confirmed a
poorly differentiated carcinoma consistent with endometrial cancer, with metastasis to the retroperitoneal lymph nodes.
The patient tolerated the procedure well and was discharged in satisfactory condition following postoperative care. This
case underscores the clinical complexity of managing recurrent endometrial carcinoma with retroperitoneal lymph node
metastasis, illustrating that surgical excision can be a vital option when chemotherapy does not achieve sufficient disease
control. It emphasizes the importance of precise surgical intervention, particularly for patients with locally advanced re-
current disease.

Key words: endometrial cancer, retroperitoneal tumor, iliac artery reconstruction, ilio-femoral bypass

INTRODUCTION

This case report presents an infriguing example of a

. . . 1-year-old female wh i ith i
Endometrial cancer is the most common gynecologic 61-year-old female who was diagnosed with progressive

malignancy in developed countries, with a significant pro-
portion of cases being diagnosed at an early stage due
to early symptomatology [1]. However, advanced-stage
and recurrent endometrial carcinoma present a substan-
tial therapeutic challenge, particularly when the disease
metastasizes to atypical sites such as the retroperitoneal
lymph nodes [2]. Retroperitoneal lymph node metastasis
is a rare but aggressive manifestation of endometrial can-
cer, often associated with a poor prognosis and a limited
response to conventional therapies, including chemother-
apy and radiotherapy [3]. Metastasis of endometrial car-
cinoma to the retroperitoneum is an uncommon event, as
endometrial cancer typically spreads via the pelvic and

disease of endometrial cancer and was heavily pre-treat-
ed with initial surgery, chemoradiotherapy for disease re-
currence, and several lines of chemotherapy for disease
progression. After disease progression in retroperitoneal
lymph nodes involving the left external iliac artery/vein,
radical surgical excision was offered after MDT discus-
sion. The patient underwent an extensive tumor excision,
which included resection of the retroperitoneal mass along
with the external iliac artery, followed by arterial recon-
struction using an ilio-femoral bypass procedure. Remark-
ably, this approach yielded clinical improvements, result-
ing in a notable improvement in the patient's performance
status and overall quality of life.

para-aortic lymphatic systems [4,5]. Once the disease
reaches the retroperitoneal space, surgical management
becomes increasingly complex due to the proximity of vi-
tal structures such as the iliac vessels, ureters, and bowel
[6,7]. In these cases, the involvement of vascular surgeons
becomes critical, as excision of the tumor often requires
intricate vascular reconstruction [8]. Chemotherapy re-
mains the first line of treatment for metastatic endometrial
cancer, but its efficacy in cases with retroperitoneal lymph
node involvement is limited [9,10].

CASE PRESENTATION

We present a case of a heavily pretreated patient with
recurrent endometrial cancer. The patient is a 6 1-year-old
woman with a history of moderately differentiated ade-
nocarcinoma of the endometrium (GRADE-2), for which
she underwent a hysterectomy with appendages in 2021.
In 2023, due to pelvic disease recurrence, she received
chemoradiotherapy followed by two lines of systemic
therapy for disease progression. In July 2024, further pro-
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Figure 1. A large retroperitoneal tumor
(CT coronal view)

gression was identified. She presented to our clinic with
complaints of severe pain in the left lower quadrant of the
abdomen and the left groin area. The patient also has a
history of type 2 diabetes mellitus, diagnosed in 2010,
which remains unmanaged.

On physical examination, the patient appeared with
excessively developed subcutaneous fat. She was alert,
oriented, and cooperative. Her vital signs were within
normal limits (T: 36.3°C, P: 88 bpm, BP: 125/80 mmHg).
The abdomen was soft but tender upon palpation in the left
lower quadrant. There were no signs of peritoneal irrita-
tion. Cardiovascular and respiratory system examinations
were unremarkable.

A CT scan of the abdomen with contrast, performed in
July 2024, revealed a large retroperitoneal tumor closely
associated with the left external iliac artery (Figure 1). The
tumor was suspected to involve surrounding structures, in-
cluding the iliac vein, artery, and ureter (Figure 2).

Despite chemotherapy to control the progression of
the disease, a multidisciplinary decision was made to pro-
ceed with surgical intervention. The patient was scheduled

Figure 3. A poorly differentiated carcinoma of
the retroperitoneal area
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Figure 2. Retroperitoneal tumor associated with
left external iliac artery (CT sagittal view)

for tumor excision and ilio-femoral bypass due to the in-
volvement of critical vascular structures. image.jpeg

Histopathological Examination showed a poorly dif-
ferentiated carcinoma of the retroperitoneal area involv-
ing soft tissue specimens and lymph nodes. Immunohisto-
chemical Examination showed that the phenotypic and
morphological changes in the tumor are most consistent
with endometrioid-type carcinoma.

Surgical Intervention

In August 2024, the patient underwent a complex sur-
gical procedure involving the excision of the retroperito-
neal tumor and ilio-femoral bypass. The surgical approach
included an incision from the left pubic symphysis to the rib
cage, opening the retroperitoneal space. The tumor was
found to be invading the iliac vein and artery, as well as
closely adhering to the ureter and iliac bone (Figure 3).
Following the excision of the tumor, ilio-femoral bypass
was performed using a Dacron Graft 8 mm ( Figure 4) .
Postoperatively, the patient was managed with antibiotics,
anticoagulants, crystalloids, and erythrocyte mass transfu-
sions. image.jpegimage.jpeg

Figure 4. llio-Femoral shunt (Dacron graft 8mm)
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OUTCOME AND FOLLOW-UP

After ten days of hospital care, during which her con-
dition remained stable, she was discharged in satisfactory
condition. Follow-up plans include regular imaging and
consultations with oncology and vascular surgery teams to
monitor for any signs of recurrence or complications.

DISCUSSION

Retroperitoneal cancers, particularly those that recur
after initial treatment, present significant challenges in
terms of surgical management and prognosis.

As vascular surgeons, our role in the management of
such cases is paramount. This patient’s tumor was not only
located in the retroperitoneum but also encased the iliac
vessels, necessitating ilio-femoral bypass following tu-
mor excision [11,12]. The technical challenges associat-
ed with this type of surgery cannot be overstated, as the
tumor’s proximity to major vessels significantly increases
the risk of intraoperative complications [13,14]. In re-
cent literature, surgical resection combined with vascular
reconstruction has been shown to improve local control
and, in some cases, extend survival in patients with retro-
peritoneal metastasis of endometrial cancer [15,16]. This
approach, while not curative, can provide symptomatic
relief, prevent further vascular compression, and enhance
the quality of life [17]. This case highlights the necessity
of a multidisciplinary approach to recurrent endometrial
carcinoma, where oncologists, gynecologists, and vas-
cular surgeons collaborate to provide optimal care [18].
Surgical resection remains the definitive option regardless
of chemotherapy, especially in the presence of vascular
involvement [19]. By excising the tumor and performing
ilio-femoral shunting, the goal was to reduce the tumor
burden and prevent complications related to vascular
compression [20,21].

References:

This case exemplifies the difficulties in managing such
tumors because of their proximity to vital structures such as
blood vessels, nerves, and organs. The patient’s history of
endometrial adenocarcinoma with subsequent metastatic
spread underscores the importance of vigilant follow-up
and early intervention in cases of suspected recurrence.
The decision to perform ilio-femoral shunting was led by
the tumor’s involvement with the iliac artery, demonstrat-
ing the need for advanced surgical techniques in managing
complex retroperitoneal tumors. The patient’s successful
recovery post-surgery, despite her history of uncontrolled
diabetes and previous chemotherapy, highlights the im-
portance of a multidisciplinary approach in managing
such cases. This case also raises important considerations
for the prognosis of patients with recurrent retroperitoneal
tumors. The involvement of the iliac vessels and close prox-
imity to other critical structures suggest a guarded progno-
sis, with careful monitoring required to detect any signs of
further recurrence or metastasis.

CONCLUSION

This case report illustrates the complexities of manag-
ing recurrent retroperitoneal cancer, particularly when the
tumor involves critical structures like the iliac artery and
vein. Surgical intervention, combined with comprehensive
postoperative care, can lead to successful outcomes even
in challenging cases. However, the risk of recurrence re-
mains significant, necessitating ongoing follow-up and a
multidisciplinary approach to care.
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Background: The knee joint, due to its anatomy, biomechanics, and function, represents a highly complex mechanical sys-
tem. In recent years, the implantation of artificial knee joints has increased significantly worldwide as a means of re-
ducing pain and improving mobility. Although total knee arthroplasty is currently the most commonly used treatment for
advanced-stage gonarthrosis, the high effectiveness of surgical treatment, functional restoration of mobility, and predict-
ability of outcomes remain ongoing challenges.

Objectives: The aim of this study was to identify the advantages of computer-assisted surgical navigation in the treatment
of gonarthrosis and to evaluate its impact on operative time.

Methods: A total of 100 patients who underwent primary total knee arthroplasty between 2020 and 2024 were included
in the study (cruciate-retaining, mobile-bearing implants). All procedures were performed using a tibially fixed polyeth-
ylene insert with preservation of the posterior cruciate ligament (Aesculap). Patients were divided into two main groups:
the N-group, who underwent computer-assisted navigated total knee arthroplasty with patellar resurfacing (OrthoPilot®,
B. Braun Aesculap), and the S-group, who underwent total knee arthroplasty with patellar resurfacing using the standard
conventional technique. The total operative time for both standard and navigation-assisted procedures was recorded and
documented for statistical analysis, measured from skin incision to wound closure.

Results: No statistically significant differences were observed between the groups with respect to age or sex. In patients
who underwent computer-assisted surgery, the mean operative time (M = 68.50; SD = 8.29 minutes) was significantly
shorter compared with patients treated using the standard technique (M = 80.58; SD = 10.47 minutes).

Conclusions: On average, the navigation-assisted group required approximately 12 minutes less operative time than the

group treated with the standard methodology.

Key words: Gonarthrosis; Navigation in knee endoprosthesis implantation; OrthoPilot; Total knee arthroplasty.

INTRODUCTION:

It should be noted that in patients over 60 years of age,
approximately 90% of cases of gonarthrosis ultimately re-
sult in total knee arthroplasty. Consequently, this condition
represents not only a medical but also a significant social
problem. Although total knee arthroplasty is currently the
most widely used treatment for advanced-stage gonar-
throsis, the high effectiveness of surgical treatment, full
functional restoration of mobility, and reliable predictabil-
ity of outcomes remain relevant challenges.

Despite the availability of modern, well-established
techniques and high-quality implants produced by leading
medical technology companies worldwide, consistently
high clinical outcomes are not always achieved. This is
reflected in the relatively high incidence of postoperative
complications, including early implant loosening, dislo-
cation, persistent pain, severe limitation of mobility, pro-
longed rehabilitation, and infectious or other inflamma-
tory processes associated with implant instability. Many
authors associate early loosening of knee endoprostheses
primarily with infection. Since prolonged operative time
increases the risk of both infectious and other postopera-
tive complications, optimizing surgical duration is crucial.

The concept of computer-assisted navigation systems
was developed in response to the problems associat-
ed with knee arthroplasty described in the international
medical and scientific literature. This approach is based
on establishing a relationship between highly accurate,
anatomically precise implant positioning and the quality
of postoperative biomechanical joint restoration, which
ultimately has a significant impact on implant longevity.
Navigation systems such as OrthoPilot allow not only the
precise determination of bone resection planes tailored to
the individual patient but also the assessment of ligamen-
tous tension and the selection of the appropriate implant
size [5,6,22].

Why is it so important for a knee endoprosthesis to
closely match the patient’s individual anatomy? The knee
joint is a complex structure with unique, patient-specific
biomechanics. Applying a standardized anatomical ap-
proach to all patients and performing arthroplasty ac-
cordingly neglects individual anatomical variability. This
may alter the joint's natural range of motion and affect
surrounding structures, including patellar positioning, lig-
ament tension, and overall joint stability. This also explains
why up to 20% of patients report dissatisfaction after con-
ventional total knee arthroplasty [2,3].

bagstroggmmb a6h.8xbsdol Jotmtams sbmgosgos 39


macbookairm1
Cross-Out


Since navigation-assisted knee arthroplasty is a rela-
tively recent technique and requires additional specialized
training, its widespread implementation on a global scale
has not yet been achieved [4]. As a result, studies eval-
uating outcomes of computer-assisted knee arthroplasty
and related scientific publications remain limited. Most
available publications in the international literature focus
primarily on postoperative radiological outcomes of nav-
igated knee arthroplasty [7]. However, equally important
are analyses of clinical outcomes, operative and rehabili-
tation time, postoperative biomechanical characteristics of
the knee joint, and pain intensity.

Among the reported disadvantages, J.M. Strauss and
W. Rither emphasized that navigation-assisted proce-
dures are more time-consuming, increasing operative
time by an average of 19 minutes. Nevertheless, recent
advances in surgical techniques and improved familiarity
with navigation system functionality have significantly op-
timized the procedure.

The aim of the present study is to demonstrate, using
statistical analysis, that under modern conditions an ex-
perienced surgical team requires the same, or even less,
operative time when performing navigation-assisted total
knee arthroplasty as with the standard conventional tech-
nique.

METHODS

The study included patients who underwent primary to-
tal knee arthroplasty between 2020 and 2024 using mo-
bile-bearing implants with patellar resurfacing. All proce-
dures were performed using a tibially fixed polyethylene
insert with preservation of the posterior cruciate ligament
(Aesculap). Patients with stage Ill1-1V gonarthrosis accord-
ing to the Kellgren-Lawrence classification were selected
for the study.

Patients were divided into two main groups:

N group: patients who underwent computer-assisted
navigation total knee arthroplasty with patellar resurfac-
ing (OrthoPilot®, B. Braun Aesculap).
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S group: patients who underwent total knee arthroplas-
ty with patellar resurfacing using the standard convention-
al technique.

Age groups were defined as follows:

Group |: 50-65 years

Group |I: 66-80 years

Gender distribution was categorized as male (M) and
female (F).

The study included 100 patients (50 females and 50
males) who underwent primary total knee arthroplasty
with patellar resurfacing between 2020 and 2024. Of
these, 50 patients were assigned to the N group (25 fe-
males, 25 males) and 50 patients to the S group (25 fe-
males, 25 males).

RESULTS:

No statistically significant differences in outcomes
were observed by age or sex. Overall, among the 100
patients, the mean operative time was approximately 74
minutes (M =74.54; SD=11.18) (Table 1).

DISCUSSION

It should be noted that in patients who underwent sur-
gery with computer-assisted navigation, the mean opera-
tive time (M = 68.50; SD = 8.29) was significantly shorter
than in patients who underwent surgery with the standard
conventional technique (M = 80.58; SD =10.47) (Table 2).

CONCLUSIONS:

In the computer-assisted surgery group, the mean op-
erative time was reduced by approximately 12 minutes
compared with the standard technique group. This differ-
ence was statistically significant (H{98) = 6.39; p <.05). In
addition, it is noteworthy that the standard deviation of the
mean operative time was lower in the computer-assisted
group than in the standard surgery group, indicating that
operative duration in navigation-assisted procedures was
more consistent and homogeneous.

Duration

Frequency
o

55 56 57 58 60 62 64 65 67 68 70 71 72 73 75 76 77 78 79 80 81 82 85 88 90 120

Duration
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OPERATION TIME

Table 1. Operation time

OPERATION TIME

50 Patients who underwent 50 Patients who underwent
PATIENT Computer-assisted TKA with Standard (non-navigated)
patellar resurfacing using a TKA with patellar
navigation system resurfacing
NR.1 72 MIN 90 MIN
NR.2 77 MIN 82 MIN
NR.3 55 MIN 85 MIN
NR.4 90 MIN 120 MIN
NR.5 62 MIN 85 MIN
NR.6 70 MIN 70 MIN
NR.7 76 MIN 78 MIN
NR.8 64 MIN 90 MIN
NR.9 55 MIN 72 MIN
NR.10 76 MIN 82 MIN
NR.11 65 MIN 88 MIN
NR.12 73 MIN 90 MIN
NR.13 80 MIN 81 MIN
NR.14 75 MIN 70 MIN
NR.15 78 MIN 90 MIN
NR.16 72 MIN 90 MIN
NR.17 65 MIN 72 MIN
NR.18 75 MIN 81 MIN
NR.19 55 MIN 72 MIN
NR.20 56 MIN 80 MIN
NR.21 68 MIN 82 MIN
NR.22 76 MIN 78 MIN
NR.23 64 MIN 72 MIN
NR.24 75 MIN 81 MIN
NR.25 65 MIN 70 MIN
NR.26 60 MIN 90 MIN
NR.27 62 MIN 120 MIN
NR.28 55 MIN 75 MIN
NR.29 78 MIN 70 MIN
NR.30 77 MIN 80 MIN
NR.31 57 MIN 70 MIN
NR.32 58 MIN 75 MIN
NR.33 62 MIN 77 MIN
NR.34 77 MIN 81 MIN
NR.35 62 MIN 77 MIN
NR.36 75 MIN 72 MIN
NR.37 70 MIN 70 MIN
NR.38 76 MIN 75 MIN
NR.39 55 MIN 71 MIN
NR.40 73 MIN 80 MIN
NR.41 75 MIN 81 MIN
NR.42 67 MIN 88 MIN
NR .43 60 MIN 72 MIN
NR.44 65 MIN 82 MIN
NR.45 70 MIN 90 MIN
NR.46 75 MIN 80 MIN
NR.47 65 MIN 78 MIN
NR.48 64 MIN 70 MIN
NR.49 77 MIN 79 MIN
NR.50 71 MIN 75 MIN
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Table 2. Group Statistics

Std. Deviation Std. Error Mean
N 50 68.5000 8.29125 1.17256
Duration
S 50 80.5800 10.47658 1.48161
S Group N
130
— 120
110
100
5 o
5 8
a 0 3
70
60
50 ‘ ‘
20.0 15.0 10.0 5.0 0.0 5.0 10.0 15.0 20.0

Chart 2. Duration - 2
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Open fractures in orthopedic trauma present significant challenges due to the high risk of infection, non-union, and limb
loss. This case report of a complicated Gustilo-Anderson Type llic high-energy trauma underscores the necessity for adapt-
able, evidence-based management protocols. It demonstrates that staged repair, prioritization of vascular status, early
intervention, and the strategic use of external fixation contribute to improved outcomes in complex open fractures. A
multidisciplinary approach, including early damage control, functional limb preservation, and adherence to BOA/BAPRAS
guidelines, is essential for managing these injuries. Collaborative orthopedic-plastic management is a notable advance-
ment that optimizes outcomes in high-energy limb trauma cases.

INTRUDUCTION

An open fracture is a bone fracture where the bro-
ken bone and associated soft-tissue injuries are exposed
to the external environment through a break in the skin.
The energy involved in the injury directly correlates with
trauma severity [1]. The Gustilo-Anderson classification
(GAC), established as the standard in 1984, categorizes
open fractures based on the extent of soft-tissue and skin
damage [2]. Complications can include compartment syn-
drome (increased pressure within a muscle compartment),
non-union (failure of bone healing), loss of function, neu-
rovascular injury (damage to nerves or blood vessels), in-
fection, osteomyelitis (bone infection), and amputation [1].

Understanding the epidemiology and mechanisms of
open fractures is crucial for triage and treatment. Most are
from traffic accidents; in patients under 65, tibial diaphysis
fractures are most common. Gunshot wounds can cause
complex bone and tissue injuries, sometimes exceeding
those of high-velocity impacts. Since closure is not gener-
ally recommended, management must address the soft-tis-

sue defect. Despite research efforts, data on best practic-
es remains limited.

This case report presents the management of a gun-
shot-induced, open fracture of the distal tibia and asso-
ciated foot injury. The study highlights the surgical deci-
sion-making process, the role of external fixation, and
additional fundamental concepts of open fracture care.

CASE PRESENTATION

A male patient presented to the emergency department
(ED) 30 minutes after being wounded by a gunshot injury
to his right leg. The bullet had entered the posteromedi-
al aspect of the lower leg, resulting in a fracture of the
lower third of the tibia with active bleeding. X-rays were
performed in the emergency department, confirming the
findings below (Figure 1). It was a comminuted open distal
tibial fracture with significant bone loss and displacement.
Multiple bone fragments and foreign bodies/ bullet frag-
ments were seen in the surrounding soft tissues.

Figure 1. Preoperative plain radiographs. Anteroposterior (AP) view of the right lower leg/ankle
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Initial Evaluation and Management

The Advanced Trauma Life Support (ATLS) protocol—a
standardized approach for emergency care of trauma pa-
tients—should be immediately implemented at the scene
or in the emergency room. Orthopedic evaluation and
management should follow. On examination, the right leg
showed extensive soft tissue injury and bone exposure.
Emergency intraoperative findings confirmed damage to
the arteria tibialis posterior (the posterior tibial artery),
while the arteria dorsalis pedis (the dorsalis pedis artery)
remained intact and became the foot's primary arterial
blood supply. After administering a tetanus vaccine, the
patient was taken to surgery for thorough irrigation (wash-
ing out the wound) and debridement (removal of damaged
tissue). Given the extent of the bone defect, a 3-4 cm tibial
shortening (surgically removing a bone segment to allow
soft-tissue closure and alignment) was performed. Initial
stabilization was achieved with external fixation (an ex-

ternal device that stabilizes the bone), as internal fixation
(plates or rods placed inside the bone) is contraindicated
when the wound is open and contaminated.

Postoperative Care and Plan

Postoperatively, the patient was placed on strict bed
rest and started on broad-spectrum antibiotics. Vascular
monitoring was performed routinely to assess perfusion
via the remaining dorsalis pedis artery. The limb remained
viable, though the vascular supply was tenuous due to the
single-artery perfusion. Given the extensive bone loss and
complexity of the injury, the orthopedic team recommend-
ed a 6-month observation period to monitor spontaneous
bone regeneration and soft-tissue healing. If insufficient
bone healing is observed, further interventions such as
bone grafting and internal fixation will be considered at a
later stage (Figure 2,3,4).

Figure 2. Postoperative plain radiographs. An external fixator was placed. 1 month post-op.

Anteroposterior (AP) and Lateral views of the right lower leg/ankle (A and B)

Figure 3. Postoperative plain radiographs. 2 months post-op. Anteroposterior (AP) and Lateral views of the right lower leg/ankle (A-C)

Figure 4. Postoperative plain radiographs. Latest post-op. Anteroposterior (AP) and Lateral views of the right lower leg/ankle(A-B)
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DISCUSSION
Types of Open Fractures & Mechanisms

Open fractures may result from a variety of mecha-
nisms of injury. Typical direct injuries include high-energy
trauma such as car crashes, gunshot wounds, and high-im-
pact falls. These injuries are frequently associated with
varying degrees of contamination, soft-tissue compromise,
and osseous involvement. High-velocity bullet-induced
fractures have a known correlation with neurovascular
injury due to the close proximity of vascular and neural
structures to bone. According to Omer et al., approxi-
mately 69% of nerve injuries related to gunshot fractures
demonstrate spontaneous recovery within three to nine
months, while cases involving both arterial and nerve in-
jury have a less favorable prognosis, often resulting in
non-functional limbs. Visser et al. reported that only 7% of
such combined injuries recover normal function.

In contrast, low-energy torsional injuries, including those
from sports and falls from a standing height, are examples
of indirect processes. However, there is a strong correlation
between the amount of energy transferred at the time of
damage and the severity of any open fracture [7].

Classification Systems

Gustilo and Anderson's classification system categoriz-
es open fractures by severity and guides treatment. Type
| fractures are clean wounds less than 1 cm long. Type
Il fractures are lacerations over 1 cm but without flaps,
avulsions, or severe soft tissue damage. Type lll fractures
involve segmental bone injury with severe soft tissue dam-
age or even amputation. For type | and Il open fractures,
primary wound closure is recommended, while for type IlI
fractures, delayed primary closure is suggested, often us-
ing split-thickness skin grafts (transplanted skin layers) or
suitable flaps (sections of tissue moved from another body
part). The study found that more severe fracture types had
worse prognoses and higher infection rates. Type llla frac-
tures can be closed but have high contamination and soft
tissue damage. Type lllb fractures involve soft-tissue loss
and require a tissue flap. Type lllc fractures require vas-
cular (blood vessel) repair due to arterial injury [10]. The
present case is a Gustilo-Anderson type Illc open fracture
that required urgent surgery.

Treatment Principles

Effective management of open fractures requires un-
derstanding anatomy, injury mechanisms, the patient's
physical state, and available surgical options. Treatment
covers soft-tissue healing, reconstruction, final bone fix-
ation, and initial wound cleaning (decontamination) [11].

Removing foreign objects within 6 hours during frac-
ture reduction helps prevent infection. A wet-to-dry saline
dressing after irrigation helps comfort and promote heal-
ing. Next, the limb should be reduced and put in a splint
with padding. Pulses must be recorded both before and
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after reduction. However, formal debridement is not re-
quired for a gunshot fracture unless the wound is large
and contaminated. Tetanus prophylaxis is a standard pro-
cedure after open fractures, given the disease's severity
and the low morbidity of treatment.

Antibiotics are essential for open wounds, as gram-pos-
itive bacteria are present in most cases, and gram-nega-
tive bacteria in some. Giving antibiotics within 60 minutes
reduces infection-related postoperative complications.

Surgical stabilization (external fixation vs internal)

Effective surgical care lays the foundation for rehabili-
tation and a return to activities. Early fracture stabilization,
especially for intra-articular fractures, enhances healing,
reduces pain, eases bed transfers, and prevents further
damage. Hemodynamic state, fracture site, and soft-tissue
damage influence the treatment option chosen.

Depending on the degree of soft-tissue cover, it is as-
sessed whether to perform definitive surgery with internal
or external fixation of the fracture, as this is the biggest
predictor of infection risk later. External and internal de-
vices such as ring fixators, external fixators, and mono-
lateral rails, as well as extramedullary devices, such as
intramedullary nails or ORF with plates, are examples of
fixation types [11]. When GHOISS is greater than 9, ex-
ternal fixators are crucial because they aid in skeletal sta-
bilization, facilitate less-invasive procedures, and reduce
soft-tissue damage in open fracture treatment. To enable
soft-tissue repair, external fixator pins should be inserted
through undamaged skin rather than through the incision.
To prevent interference, they should not be positioned
along the lines of future surgical incisions. To reduce the
risk of fracture, skin incisions may be performed if the pa-
tient's hemodynamic status permits. The limb's length can
be preserved by applying temporary external fixation,
which can subsequently be changed to internal fixation.
Although internal fixation is advised for subsequent reduc-
tion loss, open wounds with articular fractures present a
possibility for articular reconstruction on day 1 [12].

If there is no significant soft tissue involvement or ex-
tensive contamination, and the patient is stable, primary
internal fixation can be performed for open fractures with
a GHIOSS score of less than 9. The technique of choice is
thorough debridement, with careful handling of the bone
fragments to prevent devascularization [12].

Delayed vs primary closure.

The risk of nosocomial infection with gram-negative
bacteria may increase with delayed wound closure. For
wounds with significant tissue loss, Gopal et al. recom-
mended early internal fracture fixation and flap covering
[7]. In Type Il injuries, Rajasekaran et al. reported out-
standing results with a 3% deep infection rate following
immediate primary skin closure, stringent inclusion and
exclusion criteria, and tension-free closure after skeletal
fixation. When the GHOISS skin score is 1 or 2, meaning
there is no skin loss during debridement, and the overall
score is less than 10, with no organic or sewage contam-
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ination and no farmyard injuries, primary closure can be
performed in type Illb fractures [12].

Risks and Complications

The severity of the injury, the treatment method, and
each patient's individual traits all affect the incidence of
complications [13]. Open wounds, diabetes, and peripher-
al vascular disease were identified as risk factors accord-
ing to a large population-based study. These complications
can be perioperative, early postoperative, or late post-
operative [14]. Delaying surgery for swollen ankles can
reduce wound complications like infection, blistering, and
edge necrosis, as posttraumatic edema, fracture blisters,
or abrasions decrease. Nonunion development is facilitat-
ed by excessive motion at the fracture site, influenced by
factors like infection, obesity, diabetes, tobacco use, alco-
hol misuse, and old age. Complex regional pain syndrome
results in 30% of open tibial fractures. Loss of reduction
and malunion can lead to osteoarthritis and functional im-
pairment [11,14]

Role of Multidisciplinary Management

Management of open fractures requires a multidisci-
plinary team approach. Imaging the wound in the ED al-
lows different specialties within the multidisciplinary team
to further assess the wound, minimizing repeated exposure
or contamination of the injury. In cases of open fractures,
patients with severe injuries are now sent straight to ma-
jor trauma units via pre-hospital pathways, which provide
orthopedic and plastic surgery experts as well as on-site
trauma subspecialties[12]. Open injuries require the joint
efforts of orthopedic and plastic surgeons to coordinate
the course of treatment and surgical procedures, ensuring
the patient receives the most feasible and effective care.
Orthopedic hospitals that have implemented this approach
have shown markedly lower rates of deep infections, few-
er revision procedures, shorter hospital stays, lower overall
expenditures, and better outcomes, with lower amputation
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Aim: Non-operative arthrosis treatment via stem cell transplantation is a current medical priority. Standard stromal-vas-
cular fraction (SVF) transplantation yielded unsatisfactory results in some patients, prompting development of a modified,
more effective protocol.
Methods: 20 patients (18F, 2M; ages 42-72) with grade |-l hip arthrosis were divided equally into a study group (modi-
fied protocol) and control group (standard method). Outcomes were assessed via instrumental imaging (ultrasound, X-ray,
CT, MRI), laboratory tests, the Lequesne algofunctional index, and modified Harris scale.
The modified method comprised three phases:

Phase | - Pre-transplant elimination of acute inflammation and pain relief;

Phase Il - SVF preparation from autologous adipose tissue and joint injection;

Phase Ill - Post-transplant management via magnetotherapy, early rehabilitation, and infection prevention.
Adipose tissue (80-120 ml) was harvested by liposuction and processed using Arthrex technology, yielding 10-12 ml of
injectable SVF.
Results: In the study group, 8/ 10 patients fully restored limb support and joint function within 6 months, exceeding 90 points
on the Harris scale. The control group showed slow, unstable recovery; only 3/10 achieved a clinically good result.
Conclusion: The modified SVF transplantation method is significantly more effective than the standard approach. Key suc-
cess factors include pre-transplant inflammation control, post-transplant magnetotherapy, and infection prevention. No
reliable laboratory marker for regeneration dynamics was identified; CT and MRI remain the primary monitoring tools. The

authors recommend broader clinical trials with larger patient cohorts and longer observation periods.

Key words: Arthrosis, Regeneration, Transplantation, Stromal-Vascular Fraction (SVF), Standard method,

Innovative method, Early rehabilitation.

RELEVANCE

Conservative treatment (treatment with medications,
injection therapy, physiotherapy, and others) of the spine
and joints is mainly aimed at eliminating pathological
symptoms and restoring and rehabilitating joint function.
However, the issue of regeneration — restoration of the in-
jured tissue system is not considered in this chain [27, 28,
29, 39], which is why long-standing, continuous treatment
often ends with an endoprosthesis, and an endoprosthesis
has both positive and negative side effects [38].

Treatment of arthrosis without surgery is a significant
challenge in modern medicine and biomedical engineer-
ing. It is possible only with timely started regenerartive
therapy, namely, with transplantation of stem cells in the
injured joint [9, 12, 16, 20, 22, 35], however, transplan-
tation conducted by us with standard method (taking adi-
pose tissue from organism, preparation of the stromal-vas-
cular fraction containing mesenchymal stem cells and
injecting in target joint) showed a less effective result in the
part of patients; Namely, the tempo of transformation of
stem cells into collagen cells, accordingly, regeneration of
tissues and restoration of joint were ongoing ineffectively

and dully, and in single case, it ended up in failure. Since

the treatment of arthrosis with stem cell transplantation is,

in principle, the most correct and physiologically the most
correct form [4, 5, 6, 14], we doubted not the method but
its management.

Clinical practice has shown that not only restyling but
also a completely new design of the standard stem cell
transplantation method is necessary to increase treatment
efficiency.

For this purpose, we studied and analyzed the man-
agement of standard treatment, in which several orga-
nizational and medical reasons for low efficiency were
identified, namely:

1. underestimation of the stem cell resource in patients'
bodies,

2. transplantation of non-autologous stem cell mass into
the target joint (low concentration of stem cells in ma-
terial to be transplanted, insufficient volume of mate-
rial),

3. coexistence of an acute or chronic inflammatory pro-
cess in the joint along with arthrosis,

4. systemic and infectious diseases of connective tissue
(viral, bacterial and fungal).
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From an organizational perspective, standard treat-
ment did not properly address patient preparation be-
fore transplantation, management of regeneration, or
timely initiation of rehabilitation. Monitoring the patient's
condition to prevent infectious and somatic diseases was
overlooked, as was providing appropriate treatment when
needed. Furthermore, in rare cases, necrotic—inflammato-
ry processes caused by rough mechanical exposure of the
joint's hard tissues during transplantation prevented regen-
eration, resulting in endoprosthesis placement.

Considering the fundamental shortcomings and in-
correct approaches of the standard method for treating
arthrosis with mesenchymal stem cell transplantation, we
aimed to develop a modified and, most importantly, prac-
tically effective treatment method.

AIM OF THE STUDY

1. Investigation of the causes of the low effectiveness of
the standard method for treating arthrosis with autol-
ogous adipose tissue stromal-vascular fraction (SVF)
transplantation.

2. Creation of a new, modified, and effective method of
treatment for arthrosis, taking into account the causes
of the low effectiveness of stromal-vascular fraction
transplantation treatment.

3. Comparison of the results of the modified and standard
methods of treating arthrosis with stromal-vascular
fraction transplantation.

4. Justification of the superiority of the modified treat-
ment method compared to the standard one, based on
the data from our own clinical studies, and its imple-
mentation in clinical practice.

MATERIAL AND METHODS

We studied 20 patients with | and Il degrees of hip joint
arthrosis. Of the patients, 18 were women, and 2 were
men. Their ages were from 42 to 72. 10 patients under-
went freatment with transplantation of autologous mes-
enchymal stem cells according to our protocol (the study
group), and 10 patients underwent the same procedure
using the standard method (the control group).

To monitor the degree of injury to the cartilage-liga-
ment-bone tissues of the joint and the regeneration-resto-
ration process, we used ultrasound, X-ray, densitometry
(DEXA), computed tomography (CT), and magnetic reso-
nance imaging (MRI) as needed.

During physical examinations, we evaluated joint
shape, the condition of covering tissues, joint mobility,
muscular power, and the support capacity of extremities
by visual examination, using a dynamometer and a pro-
tractor. We assessed joint pain intensity using the Lequesne
algofunctional scale [11] and qualitatively evaluated the
treated joint using the Harris scale [7].

From laboratory tests, we studied complete blood
count with a leukocyte formula, CRP, rheumatoid factor,
uric acid content/level, calcium (total and ionized), alka-
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line phosphatase in the blood, seromucoid (alpha-1-acid
glycoprotein), and synovial fluid.

Patients in both groups were examined before trans-
plantation and after 3 and é months from transplantation.

Based on clinical, laboratory, and instrumental exam-
inations, we compared innovative and standard stem cell
transplantation methods for the treatment of arthrosis.

The treatment protocol in the study group consisted of
3 steps:

Before transplantation
| Stage

a) Resolution of the acute inflammatory process in the
musculoskeletal system of the macroorganism (patient) (if
present), and the transfer of the chronic inflammatory pro-
cess info recession.

b) Pain relief (or pain control) in the target joint(s) (if
present).

[l Stage

Preparation of the stromal-vascular fraction of mes-
enchymal stem cells from autologous adipose tissue and
transplantation into the target joint. Stimulation of stem cell
generation in the body and an increase in their absolute
number.

After transplantation
[l Stage

Management of the regeneration-restoration process
of damaged tissue(s) after transplantation, and provision
of therapeutic and prophylactic services to the patient to
prevent infectious diseases or provide timely treatment if
necessary.

Photo 1.
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Photo 2.

TRANSPLANTATION TECHNIQUE

Transplantation place - surgical room.

Materials and tools required for transplantation: A
toolkit from the South Korean firm "Adinizer" (Photo 1).
Centrifuge SMART FUGE (Turkey).

We will mark the incision and liposuction sites on the
front surface of the abdomen with a marker.

After aseptic processing of the surgical field and infil-
tration anesthesia of the adipose tissue (Sol. Lidocaine 1%,
120 ml + Sol. Adrenalinum 0.1%, 0.5 ml), we made two
small cuts, each measuring 0.5 cm. Through the wounds,
we insert a 20 cm-long titanium cannula fitted with a Lu-
er-Lock syringe into the fatty tissue. (Photo 2) We perform
liposuction by periodically moving the cannula back and
forth and by constant aspiration (Photo 2). We inject the
stem cell mass obtained by processing the fatty material
(photo 3) into the target joint (Photo 4). We will place ice
cubes in the liposuction area.

Technological assurance for the preparation of the
stromal-vascular fraction containing mesenchymal stem
cells from autologous adipose tissue.

Adipose fissue was harvested from the patient using
the method described by Sydney R. Coleman [31]. The
stromal-vascular fraction was prepared from adipose tis-
sue using Arthrex technology [34] and a set of instruments
from the South Korean company Adinizer. The processed
adipose tissue was separated using the Turkish-manufac-
tured centrifuge SMART FUGE.

COMPARATIVE CHARACTERIZATION OF STANDARD
AND INNOVATIVE METHODS OF TREATING ARTHRO-
SIS WITH STEM CELL TRANSPLANTATION

Joint mobility

As shown in Table 1, more than half of the patients in
the study group had decreased flexion before transplan-
tation. After 3 months, and especially after 6 months, joint
mobility was notably improved; 7 patients flexed from
91°to 110°, and 3 patients flexed from 111° to 140°.

Photo 3. Photo 4.

In the control group, the number of patients with flex-
ion disability (5 patients) prevailed even 6 months after
transplantation. 3 patients were able to extend the lower
extremity at the hip from 91° to 110°, whereas only 2
extended it from 111° to 140°.

Before transplantation, only 5 patients in the study
group could perform abduction from 16° to 30°, and only
1 could do so from 31° to 60°. After 6 months from trans-
plantation, 6 and 4 patients were able to do it. Abduction
was difficult for patients in the control group; only 2 pa-
tients were able to abduct the hip joint from 31° to 60°.

In the study group, 4 patients achieved adduction from
0° to 15° before transplantation, and 6 achieved ad-
duction from 16° to 60°. After 6 months, all 10 patients
achieved adduction from 16° to 60°! As for the control
group, only 7 patients were able to do it.

In the study group, 7 patients performed external rota-
tion from 0° to 30°, and only 3 performed it from 31° to
60° before transplantation. After 6 months of transplan-
tation, 6 patients had already achieved external rotation
from 31° to 60°, whereas only 3 patients in the control
group had achieved the same.

Efficiency of pain cessation

Although 10 patients in the study group received an-
ti-inflammatory, antispasmodic, and analgesic therapy
before transplantation, only 4 patients did not experience
night pain. In comparison, 5 and 1 patients experienced
pain during movement and in a static position, respectively
(Table 2).

After 6 months from transplantation, all patients of the
study group completely recovered from night pain and dis-
comfort.

Among the control group patients, only 1 patient did
not experience night pain before transplantation from 10
patients! 6 and 3 patients complained about pain during
movement or in a static position, respectively, after 6
months from transplantation, 3 patients had night pain, 3
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Table 1. Assessment of movement in the hip joint in the study and control groups

Study group N10

Control group N10

. | oo
=
- £ Patient’s quantity with Patient’s quantity with separate
= E 9 separate form of movement in joint form of movement in joint
£ E® £ £ £ £
o > T c o ¢ o ¢ c O c S c
3 o c el -] + 9 K] -] = 8
£ Es 0B £% £7% 0B £7% £%
- G '3 S 5 5 G5 S5 G5 55
o2 oy Ea Ea oy Ea Ea
5 2 E 2t o2 ? of of
< E g = g = = g = 9 =
= 3 £ £ =3
0-45 4 0 0 6 1 0
45-90 5 2 0 3 6 5
Flexion
91-110 1 6 7 1 2 3
111-140 0 2 3 0 1 1
0-15 4 0 0 6 3 2
Abduction 16-30 5 8 6 3 6 6
31-60 1 2 4 1 1 2
0-15 4 2 0 7 6 3
Adduction
16-60 6 8 10 3 4 7
External 0-30 7 6 4 8 8 7
rofation 31-60 3 4 6 2 2 3

Table 2. Pain assessment in the study and control groups according to the Lequesne scale

Patients’s quantity according
to separate parameter

Study group N10

Control group N10
Patients’s quantity according
to separate parameter

= = = =

Parameters Importance s L5 L5 s L5 L5

ol e btz E

S5 5§ 65 S5 5§ 65

25 23 3 23 23 23

§ 558 58 § 55 58

= o £ g = = S £ g =

=< < < <
No 0 4 8 10 0 1 5 1
Night pain and discomfort While moving orin a 1 5 2 0 1 6 4 6
certain position
At the time of immobility 2 1 0 0 2 1 3
) ) No 0 6 8 10 0 4 5 7
Duration of morning
stiffness or pain after <15 1 4 2 0 1 3 3
gefting up =15 2 0 0 0 2 6 2 0
Pain increases after 30 No 0 3 10 10 0 2 4 9
minutes of standing Yes 1 7 0 0 1 8 3 1
No 0 0 9 10 0 0 4 8
Pain at the time of walking While pa.ssing a certain 1 3 1 0 1 4 4 2
distance

At the time of starting walk 2 0 0 2 2 0
At the time of sitting No 0 2 7 10 0 4 8
After 2 hours Yes 1 8 3 0 1 6 4 2

patients had pain at the time of movement, and all of them
were recovered from pain in a static condition.

In the study group, 4 patients experienced morning
stiffness syndrome characteristic of arthrosis; however,
they mentioned that stiffness and discomfort lasted less
than 15 minutes.

Morning stiffness was relieved in all patients after 6
months of transplantation.
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In the control group, only 4 patients did not experience
morning stiffness. 6 patients complained of pain upon wak-
ing. After 6 months of transplantation, morning stiffness re-
solved in 7 patients, and 3 patients still had mild pain upon
waking.

In the study group, unlike the control group, pain on
sitting, standing, and walking was significantly reduced
before stem cell transplantation and was completely re-
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Table 3. Assessment of the patients’ condition in the study and control groups after 6
months from stem cells transplantation according to Harris scale

Is not marked 10 7
Insignificant 3
Small at the time of activation
Pain
Strong at the time of activation
Permanent
Can't walk
Complete 10 8
Insignificant restriction 2
Moderate restriction
Movement in joint
Important restriction
Strong restriction
Contracture
Is not marked 10 10
Small
Lameness Moderate
Strong
Can't walk
Cane at long distance 10 7
Cane always 3
Assistive devices
Two canes
Crutches
Unrestricted 10 7
Upto 1 km 3
Distance of walking  Up to 200 m
Only at home
Can't walk
For 1 hour on any chair 10 7
On low chair 0,5 2 3

Can't

Putting on socks and
shoes

For 1 hour on any chair 10 7
Sitting On low chair 0,5 2 3
Can't
Can 10 10
Getting into transport
Can't
Without railing 10 8
With railing
Going up the stairs
Somehow
Can't
Is not marked 10 10

Deformation
Is marked

Table 4. Qualitative assessment of results of treatment according to Harris scale

(After 6 months)
Assessment Point Study group N10  Control group N10

Poor <70 0

Average 70-79 0 2
Good 80-90 2 5
Very good >90 8 3
Good 80-90 2 5
Very good >90 8 3

lieved after 6 months. During the same period, the degree
of recovery in patients in the control group was noticeably
lower than that of patients in the study group (see Table 2).

Types of patients’ complaints and physical activities.

To assess the effectiveness of the innovative protocol,
we compared the study and control groups, as well as the
patients, on key criteria, including the type of complaint
and physical activities.

As shown in Table 3, after 6 months of stem cell trans-
plantation, walking distance and self-care ability are lim-
ited in the control group. Patients have difficulty climbing
stairs, putting on socks, and putting on shoes. It should be
noted that there is no difference between the groups in
terms of lameness and joint deformity.

In the study group, in contrast to the control group, pain
was relieved in all patients, and full joint movement was
restored, indicating a significant advantage of the innova-
tive treatment method over the standard one.

Qualitative assessment of the results of treatment accord-
ing to the Harris scale (After 6 months).

As it can be seen from Table 4, after 6 months from
transplantation in the control group, average result (70-
79 points) was observed in 2 patients, good result (80-90
points) in 5 patients, very good result (more than 90 points)
in only 3 patients, while in the study group, poor and aver-
age result was not observed in any patient. A good result
was observed in 2 patients and a very good result in 8,
demonstrating the clear advantage of the innovative treat-
ment protocol we provide for arthrosis compared to the
standard approach.

Discussion about the obtained results

Years of practical experience have shown us that
treating arthrosis with medication, injection therapy, phys-
iotherapy, and other routine methods is ineffective and
often ends in surgery.

Modern medicine and bioengineering have shown
that effective regeneration and restoration of the joint's
degenerated hard and soft tissues are possible with mes-
enchymal stem cell transplantation. However, the standard
transplantation we performed did not yield the desired
result. Given that the treatment of arthrosis with stem cell
transplantation is a fundamentally correct and physiolog-
ically most justified approach, we did not doubt the meth-
od itself, but rather its management. We aimed to identify
shortcomings of standard stem cell transplantation through
clinical studies and to develop a modified stem cell trans-
plantation method for treating arthrosis.

The conducted studies revealed several medical and
organizational shortcomings of the standard method of
transplantation of the stromal-vascular fraction (SVF) con-
taining mesenchymal stem cells of arthrosis.

Because stromal-vascular fraction (SVF) transplanta-
tion is often performed in one session, sufficient attention
is not paid to the coexistence of infectious (viral, bacterial,
fungal), non-infectious (contact with toxins, allergic reac-
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tions, metabolic disorders), or mixed genesis inflammato-
ry process in the target joint, along with arthrosis, which
requires complete treatment before stem cell transplanta-
tion. Against the background of the inflammatory process,
the rate of stem cell transformation into collagen cells, and,
accordingly, tissue regeneration and joint restoration, is
reduced.

Another disadvantage of the standard method of treat-
ing arthrosis with stromal-vascular fraction (SVF) is the
neglect of periodic oxygenation of periarticular tissues
after transplantation, early initiation of premature reha-
bilitation, and preventive measures for infectious diseases
for the patient. The regenerative process stops against the
background of prolonged febrile diseases with chills.

Our modified method of treating arthrosis with stro-
mal-vascular fraction (SVF) transplantation significantly
accelerated tissue regeneration, the restoration process,
and the degree of recovery. namely: prior to transplan-
tation, the inflammatory process in the target joints of
patients in the study group had resolved, pain had been
alleviated, and there was a marked reduction in soft-tissue
edema. After 2 months of transplantation, the supportive
capacity of the extremity began to improve, and it was
corrected over 6 months; joint movement function was
restored, and the patient regained the ability to perform
physical activity. According to the Harris Scale, in 8 out of
10 cases, a very good result was obtained (>90 points)!

During the same observation period, the recovery pro-
cess with standard treatment was slow; patients had dif-
ficulty with self-care, e.g., putting on socks, walking short
and medium distances, and climbing and descending stairs,
and, in most cases, used assistive devices (e.g., a cane).
Good results were achieved in only 3 of 10 patients,
demonstrating the clear advantage of our innovative stem
cell transplantation method over the standard method for
treating arthrosis.

It is noteworthy that no clinically valuable test reflecting
the dynamics of the regenerative process has been found
in laboratory studies. Also, instrumental examinations such
as CT, MRI, ultrasound, and X-ray, especially during the
first six months after transplantation, cannot accurately re-
flect the true state of regeneration and restoration of the
damaged hard and soft tissues of the joint.

PRACTICAL RECOMMENDATIONS

1. Our innovative method of treating arthrosis with stem
cell transplantation is much more effective than the
standard one.

2. For successful treatment of arthrosis with transplanta-
tion of the stromal-vascular fraction (SVF) containing
mesenchymal stem cells, it is advisable to follow the
3-stage protocol provided by us, namely consistently:

Before transplantation,

a) Creating favorable conditions for stem cell prolifer-
ation and tissue regeneration in the target joint (reduc-
ing the inflammatory process, relieving pain).
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During transplantation,

a) Ensuring that a sufficient number of stem cells are
intfroduced into the target joint.

After transplantation,

a) Managing the process of regeneration-restoration
of the degenerated tissues of the target joint (oxygen-
ation of the joint, improvement of blood and lymph mi-
crocirculation in the hard and soft tissues of the joint.
b) Prevention of infectious diseases and, if necessary,
immediate referral of the patient to a medical institu-
tion of the appropriate profile.

c) Timely activation of early rehabilitation.

3. ltisrecommended that the patient be at rest for 1 week
after transplantation.

4. Treatment of arthrosis with stromal-vascular fraction
transplantation is recommended to be repeated 8-12
months after the first transplantation - especially in el-
derly patients (60-74).

5. Since X-ray and ultrasound examinations, CT, and MRI
(especially in the first six months after transplantation)
do not reflect the real picture of regeneration-resto-
ration, we can use the Lequesne and Harris algofunc-
tional index to assess the result of treatment.

6. Inorder to increase the validity of the innovative treat-
ment method we provide, we consider it appropriate
to expand further studies to preliminarily identify stem
cells to be injected into the target joint and determine
the optimal number of stem cells in the transplantation
material. In addition, to fully reflect the process of
tissue regeneration and restoration, it is necessary to
create optimal laboratory and instrumental research
methods.

7. The study was conducted in a small group of patients,
and the treatment outcomes were observed over a
short period. Therefore, we also consider it advisable
to broadly evaluate the presented treatment method
and its conclusions in interested clinics, with the exten-
sive involvement of specialists in the relevant fields.

CONCLUSION:

Treating arthrosis by transplanting adipose tissue stro-
mal-vascular fraction is fundamentally correct and phys-
iologically justified. Standard transplantation with a stro-
mal-vascular fraction is relatively easy to implement, but
the modified, complex treatment we present is much more
effective.

The effectiveness of the treatment depends on a) ac-
celerating the regeneration of damaged tissues by elimi-
nating the inflammatory process in the target joint before
transplantation; b) managing the regeneration-restoration
process in the joint after transplantation, by timely initia-
tion of early rehabilitation with magnetotherapy for oxy-
genation of hard and soft tissues. Practice has shown that
providing prophylactic services in the post-transplantation
period is essential to protect treated patients from infec-
tious diseases. (The regenerative process stops against the
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background of infectious diseases with fever and chills,
and renewal becomes impossiblel).

No clinically valuable test reflecting the dynamics of
the regenerative process has been identified in the labo-
ratory. We can assess the arrangement of articular car-
tilage, tendons, and bone tissues using CT and magnetic
resonance imaging. The clinical course of the disease ob-
jectively reflects the patient's recovery.

Given the growing evidence supporting the modified
method of treating osteoarthritis with transplantation of
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Rezume Background: In patients with morbid obesity, with or without diabetes, bariatric surgery is more effective in improving
metabolic disturbances compared to other treatment methods. Mechanisms contributing to dyslipidemia remission after
bariatric surgery may include positive effects on fat distribution and function, improved insulin sensitivity, and reductions in
liver fat content and improved liver function.

Obijective: To evaluate changes in lipid profile and liver function following bariatric surgery.

Materials and Methods: We examined 91 patients with type 2 diabetes and morbid obesity who underwent bariatric sur-
gery-sleeve gastrectomy— at the “David Abuladze Georgian-ltalian Clinic”. Patients ranged in age from 23 to 67 years
(mean 46.67 £ 8.60), including 50 women and 41 men. Clinical and laboratory data were compared before surgery and
2-4 years after surgery. We evaluated demographic characteristics, type and frequency of diet, preoperative weight loss,
diabetes characteristics and duration, antihyperglycemic medications used preoperatively, liver function tests, lipid profile,
and the number of “Healthy days” before and after surgery.

Results: A significant decrease in weight was observed postoperatively (from 146.8 kg to 97.9 kg). The frequency of fatty
liver disease significantly decreased (from 88 patients [96.7%] to 18 patients [19.78%], p <0.0001), as did the frequency
of dyslipidemia (from 66 patients [72.53%] to 37 patients [40.66%], p < 0.0001). The number of patients with elevated
liver function tests also decreased significantly. The frequency of elevated ALT decreased from 27.47% to 1.10% (p <
0.0001), and elevated AST and GGT were no longer observed after surgery. Fatty liver and dyslipidemia were negatively
correlated with diabetes remission.

The likelihood of fatty liver remission after surgery increases with preoperative weight loss of 5-10%, increased physical
activity, and diabetes remission. Conversely, it is reduced by alcohol consumption, a sedentary lifestyle, thyroid dysfunc-
tion, a high-fat diet, and preoperative weight loss of less than 5%.

Conclusions: In type 2 diabetes, bariatric surgery not only leads to weight loss but also promotes metabolic normalization.
Diabetes remission after surgery is negatively correlated with dyslipidemia and fatty liver disease. Further reductions in

fatty liver disease are predicted by diabetes remission and behavioral factors.

Key words: Bariatric surgery, dyslipidemia, behavioral factors, weight loss.

The past four decades have witnessed amarked increase
in the prevalence of obesity and related metabolic disor-
ders, particularly type 2 diabetes mellitus and nonalcoholic
fatty liver disease. Currently, bariatric surgery is the most
effective treatment for this growing global health problem,
influencing food intake, gut hormone secretion, metabolic
signaling pathways, and adipose tissue function [1].

Hepatic steatosis associated with metabolic disorders
represents a serious public health problem [2, 3].

In patients with or without diabetes mellitus, bariatric
surgery more effectively improves metabolic abnormali-
ties than other treatment methods in cases of morbid obe-
sity [4,5].

Mechanisms that contribute to dyslipidemia remission
after bariatric surgery may include: positive effects on
adipose tissue distribution and function, improved insulin
sensitivity, reduced liver fat content, and improved hepatic
function.

In the literature, bariatric and metabolic surgeries have
been linked to dyslipidemia. However, there are limited

78

large-scale, long-term (>2 years) comparative studies ex-
amining the remission and relapse frequency of dyslipid-
emia after these procedures [6].

In the study by Natdlia S. Lira et al., the SG group
showed a significant improvement in total cholesterol lev-
els, although the change was less pronounced than in the
RYGB group. Total cholesterol decreased by 8.7% at three
months postoperatively and by 6.7% after 24 months of
follow-up [7].

Total cholesterol (TC) and triglyceride levels generally
decrease, while high-density lipoprotein (HDL) levels in-
crease within 2 years aofter surgery [8].

According to research by Charu Sharma and others,
patients' lipid profiles improved 3 years after sleeve gas-
trectomy. The results particularly confirmed an increase in
high-density lipoprotein (HDL) levels [9].

In a study published in journal "Endocrinologia, Dia-
betes y Nutrici n", the effects of bariatric surgery on lip-
id profiles were evaluated over the next 60 months. The
results showed that RYGB (Roux-en-Y gastric bypass) sig-
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nificantly reduced total cholesterol levels, whereas SG
(sleeve gastrectomy) did not. These findings suggest that
RYGB may be more effective overall in reducing choles-
terol levels in the long term.

At the end of the 60-month observation period, 54.8%
of patients in the RYGB group met the criteria for complete
remission of hypercholesterolemia (P <.001), compared to
only 14.3% in the SG group (P = ns).

Nonalcoholic fatty liver disease (NAFLD) is very com-
mon in type 2 diabetes mellitus (T2DM), likely due to the
high prevalence of obesity and insulin resistance associat-
ed with T2DM [10].

Our research aims to assess changes in the lipid profile
and liver function.

MATERIALS AND METHODS:

We studied 91 patients with type 2 diabetes and mor-
bid obesity at the David Abuladze Georgian-ltalian Clinic,
where they underwent bariatric surgery (sleeve gastrecto-
my). The patients' ages ranged from 23 to 67 years (mean
age: 46.67 + 8.60), and the group included 50 women
and 41 men.

We compared patients' clinical and laboratory data
before surgery and 2 to 4 years after surgery.

We studied the patients' demographic characteristics,
type and frequency of diet, preoperative weight loss, di-
abetes characteristics, age, preoperative medications
(A/D), liver function tests, lipid profile, and the number of
healthy days before and after surgery.

Additionally, we compared patient characteristics by
gender before and after surgery.

According to the Third National Cholesterol Education
Program (NCEP) report, dyslipidemia is considered pres-
ent in a patient when at least one of the following serum
lipid indicators is abnormal:

* Total cholesterol = 200mg/dL;

e LDL=130mg/dL;

* Triglycerides 2 150mg/dlL;

e HDL<50mg/dL for women or < 40mg/dL for men [11].

Before Surgery
Weight 146.8

Statistical analysis

For qualitative indicators, frequency and percentage
values were determined; for quantitative indicators, the
mean and standard deviation were calculated. Qualitative
indicators were compared between groups using Fisher's
exact test (F criterion), and changes before and after sur-
gery were assessed using the Wilcoxon Signed Ranks Test.

Quantitative characteristics were compared using Stu-
dent's t-test for independent samples. The equality of vari-
ances was tested using Levene's test. To compare quanti-
tative data before and after surgery, the paired Student's
t-test was applied.

Results were considered statistically significant when
p<0.05.

Statistical analysis was performed using SPSS version

23.

RESULTS:

Significant weight loss was observed in patients fol-
lowing bariatric surgery. The changes in

The weight change after surgery is shown in Diagram 1.

As shown in the diagram, the decrease in average pa-
tient weight after the operation appears reliable. Weight
loss is accompanied by the normalization of metabolism.
A reliable decrease in the frequency of patients exhibiting
liver function abnormalities is also noted.

The change in liver function in patient samples after
surgery is presented in Table 1.

The frequency of fatty liver disease and dyslipidemiais
significantly reduced. The frequency of patients with ele-
vated liver function tests is also significantly reduced.

There is no longer an increase in AST and GGT levels
after surgery.

In this phase of the study, we analyzed the distribution
of fatty liver disease by gender (Table 2). Patients demon-
strated a decrease in the frequency of consuming simple
carbohydrates and an increase in the frequency of con-
suming protein-rich foods.

+=23.26

After Surgery
97.87

Diagram 1. Weight change after surgery

bagstroggmmb a6h.8xbsdol Jotmtams sbmgosgos 79



Before the Surgery

39659 §380930mab bogsomggmmb JobHamganl dsibg

Table 1. Changes in clinical and laboratory characteristics after surgery

After the Surgery

Factors
% n %
ALT 25 27 .47 1 1.10 <0.0001
Liver function AST 24 26.37 0 0.00 | <0.0001
sample elevation
GGT 28 30.77 0 0.00 <0.0001
Hypertension 75 82.42 27 29.67 0.000
Comorbidities Fatty liver disease 88 96.7 18 19.78 <0.0001
Dyslipidemia 66 72.53 37 40.66 <0.0001
Mixed 91 100 75 82.42 0.0001
Simple Carbohydrates 58 63.74 19 20.88 <0.0001
Food type
Protein 25 27 .47 6 6.59 0.0003
Complex Carbohydrates 78 85.71 5 5.49 <0.0001
Table 2. Distribution of fatty liver disease by gender
Factors Man Woman F [
Increased fatty liver 51 98.08 37 94.87 071 0.4024
(hepatosis) before surgery
Fatty liver after surgery 12 23.08 6 15.38 0.82 0.3675
<0.0001 <0.0001

As observed, there was no statistically significant dif-
ference between sexes in the prevalence of fatty hepa-
tosis before surgery, with 98.08% of males and 94.87%
of females affected. After surgery, the frequency of fatty
hepatosis decreased significantly in both groups, and no
significant difference between the sexes was observed.

We conducted a correlation analysis to determine the
relationship between fatty liver disease reduction and dia-
betes remission (Table 3).

Postoperative fatty hepatosis and dyslipidemia were
negatively correlated with diabetes remission.

We used regression analysis to estimate the probabili-
ty of remission of fatty hepatosis after surgery.

The relative chance of remission of fatty hepatosis af -
ter surgery is determined by: preoperative weight loss of
5-10%, increased physical activity, type 2 diabetes dia-
betes remission, reduced: alcohol consumption, sedentary
lifestyle, thyroidopathy, fatty diet, preoperative weight
loss <5%.

Table 3. The relationship between type 2 diabetes remission and liver function tests

Diabetes remission

' r -0.252*

Fatty hepatosis after surgery 0 0016
- r -0.237 *

Dyslipidemia after surgery p 0.024

Table 4. Estimation of the relative chance of remission of fatty hepatosis after surgery

95% Cl for EXP(B)

Predictors B 3 Forest P Exp(B)

Lower Upper
Sedentary lifestyle -5.26 1.89 7.74 0.0054 0.005 0.001 0.211
Thyreopathy -2.29 1.16 3.92 0.0476 0.101 0.010 0.976
Fatty diet -3.13 1.06 8.69 0.0032 0.044 0.005 0.351
Preoperative weight loss 5%-10% 8.21 272 9.10 0.0026 369.527 17.773 7680.148
Preoperative weight loss <5% -3.15 1.34 5.56 0.0184 0.043 0.003 0.587
Alcohol Consumption -6.00 2.00 8.99 0.0027 0.002 0.001 0.125
Remission of type 2 diabetes 3.20 1.02 9.79 0.0018 24.419 3.300 180.685
Increase in physical activity 3.48 1.22 8.13 0.0044 32.516 2.968 356.182
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DISCUSSION:

Bariatric surgery has a beneficial effect not only on
weight loss but also on metabolic changes [12], as it alters
usual lifestyle habits, leading to medical interventions [13].

The lipid profile of patients 3 years after sleeve gas-
trectomy, as reported by Charu Sharma et al., confirms
improvements in outcomes, particularly an increase in
high-density lipoproteins (HDL). A study published in "En-
docrinolog a, Diabetes y Nutrici n" evaluated lipid profiles
up to 60 months after surgery. The results showed that
RYGB (Roux-en-Y gastric bypass) significantly reduced
total cholesterol levels, whereas SG (sleeve gastrectomy)
did not. RYGB may be more effective than other proce-
dures inreducing total cholesterol and improving long-term
prognosis. At the end of follow-up (60 months), 54.8% of
patients in the RYGB group met the criteria for complete
remission of hypercholesterolemia (P < .001), compared
to only 14.3% in the SG group (P = ns) [9].

According to our study, both liver function parameters
and lipid profiles normalize with weight loss following
bariatric surgery.
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for MPM patients.
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Malignant peritoneal mesothelioma (MPM) is a rare cancer typically linked to asbestos exposure, but other environmental
factors, such as manganese dust, may also increase risk. This case report describes a 56-year-old male with diabetes, arterial
hypertension, and a history of long-term manganese mining exposure, who developed acute kidney failure and massive asci-
tes after a viral infection. Despite initial treatment, his condition worsened, and MPM was diagnosed after analysis of bloody
ascitic fluid. This case emphasizes the role of occupational exposure in the development of MPM and highlights the diagnostic
challenges posed by nonspecific symptoms. Early detection and better therapeutic options are needed to improve outcomes

Key words: Malignant Peritoneal Mesothelioma, kidney failure, massive ascites, manganese dust, asbestosis

INTRODUCTION:

According to the American Cancer Society, asbestos
exposure is the main cause of pleural mesothelioma. About
8 out of 10 people with mesothelioma have been exposed
to asbestos. When asbestos fibers are breathed in, they
travel to the ends of small air passages and reach the pleu-
ra, where they can cause inflammation and scarring. This
may damage cells’ DNA and cause changes that result in
uncontrolled cell growth. If swallowed, these fibers can
reach the abdominal lining, where they may contribute
to peritoneal mesothelioma. But most people exposed to
asbestos, even in large amounts, do not get mesothelioma
[1]. Malignant peritoneal mesothelioma (MPM) is a rare
but aggressive tumor arising from the peritoneal mesothe-
lial cells. While asbestos exposure is the most well-estab-
lished risk factor, other occupational exposures, including
exposure to various minerals and fibers, can also increase
the risk of developing mesothelioma. This case presents a
56-year-old male with a history of diabetes mellitus (DM)
and hypertension (HTN), who worked in a manganese
mine for several years. The patient developed acute kid-
ney failure, anuria, and massive ascites following a viral
infection. Despite initial supportive treatment, the diagno-
sis of MPM was confirmed after diagnostic procedures.

CASE PRESENTATION:

A 56-year-old male with a history of DM, HTN, and
a known long-term occupational exposure to manganese
dust presented with progressive abdominal distention,
anuria, and acute kidney failure. Ten days prior, the pa-
tient had experienced a viral upper respiratory infection,
after which he developed these symptoms. The patient had
worked in a manganese mine for over 25 years, which

potentially contributed to his risk of developing mesotheli-
oma. Additionally, the patient had been living with a Par-
kinson-like tremor for more than 15 years, a condition that
might be linked to his chronic exposure to manganese, and
a long-standing history of diabetes mellitus, further com-
plicating his clinical presentation. His clinical course was
marked by progressive worsening of renal function, re-
quiring dialysis, and the development of significant ascites.

Initial treatment included diuretics, steroids, and al-
bumin to manage fluid retention and renal failure. While
partial diuresis occurred, with some improvement in urine
output, the patient's condition continued to worsen. Ascites
persisted, and despite adequate management, the patient's
clinical status deteriorated further.

A CT scan confirmed the presence of ascitic fluid and
peritoneal thickening (Figure 1), but despite appropriate
diuresis, the ascites continued to increase. Peritoneal cen-
tesis was performed to analyze the ascitic fluid, which re-
vealed bloody fluid. A biopsy confirmed the diagnosis of
malignant peritoneal mesothelioma.

DISCUSSION:

This case emphasizes the importance of considering
occupational exposure as a potential risk factor for ma-
lignant peritoneal mesothelioma (MPM), in addition to the
well-established association with asbestos exposure. Al-
though MPM is rare and its association with manganese
exposure is not as well-established as with asbestos, some
studies suggest that exposure to mineral dust, including
manganese, can increase the risk of developing mesothe-
lial tumors [2]. In this case, the patient's history of working
in a manganese mine is an important factor to consider, as
prolonged exposure to industrial dusts and fibers has been
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implicated in a variety of occupational lung diseases and
malignancies, including mesothelioma. The exact mech-
anisms remain unclear, but it is believed that inhalation
of certain particulate matter may lead to chronic inflam-
mation or mesothelial cell damage, eventually leading to
malignancy. Occupational exposure, particularly in indus-
tries such as mining, can pose a significant long-term risk to
workers, even if the specific risk of MPM is lower than that
of asbestos. According to the researchers Halina B. R llin
and Claudina M. C. A. Nogueira, manganese is a natural
element found in the environment, present in rocks, soil,
water, air, and food. It's mainly used in steel production
to make steel harder, and in many other industries, such
as batteries, agriculture, ceramics, and glass. It's also an
essential trace element for the body, helping with various
biological functions and overall health. However, both too
little and too much manganese can be harmful. Excessive
manganese intake through breathing or swallowing can
lead mostly to manganese buildup. In the brain, which
causes brain damage and neurological problems. People
working in industries like mining, welding, or steel produc-
tion, where exposure to high levels of manganese is com-
mon, have been found to develop conditions like manga-
nese poisoning and manganism (a disorder with symptoms
similar to Parkinson's disease). There's growing concern
about environmental manganese exposure as well, espe-
cially in vulnerable populations, although the full effects
of lower levels of exposure are still unclear and require
more research [3]. According to the literature, although
less evidence directly links manganese exposure to peri-
toneal mesothelioma, it is plausible that manganese shares
mechanisms with asbestos, especially with chronic expo-
sure. Like asbestos, manganese can cause inflammation,
oxidative stress, and DNA damage, which may contribute
to cancer development. In occupational settings where
both manganese and asbestos are present, the combined
exposure could potentially heighten the risk of mesotheli-
oma. Further research is necessary to fully understand the
relationship between manganese and mesothelioma, but it
is possible that manganese may contribute to the disease,
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Figure 1. CT scan shows massive ascites, and peritoneal thickening

particularly when combined with other environmental tox-
ins [4].

Acute kidney injury (AKI) is a known complication of
viral infections, particularly in individuals with pre-exist-
ing comorbidities such as diabetes and hypertension. The
viral infection in this patient likely contributed to the re-
nal dysfunction, possibly through direct viral effects or
through an inflammatory response that exacerbated renal
impairment. However, the persistent ascites and eventual
identification of MPM suggest that the renal failure was
likely compounded by the underlying malignant peritoneal
disease rather than being solely attributable to the viral
infection. MPM often presents with nonspecific abdom-
inal symptoms, including distention and ascites, and can
be easily confused with other causes of abdominal fluid
buildup [5,6]. In this patient, ascites was one of the earli-
est signs, but its cause remained unclear initially. Despite
partial diuresis and steroid treatment, the patient's condi-
tion deteriorated, which is consistent with the clinical pro-
gression of MPM, where peritoneal involvement leads to
increasing ascites and organ dysfunction. The diagnosis of
MPM in this case was delayed, highlighting the challenge
of diagnosing this condition in its early stages, especially
when initial biopsies fail to yield definitive results. Perito-
neal centesis, revealing bloody ascitic fluid, was essen-
tial to suspect the diagnosis. The cytological examination
revealed abundant mesothelial cells with pleomorphism,
large nuclei, and prominent nucleoli. Immunohistochemical
staining, which showed mesothelin-positive results con-
firmed the diagnosis of MPM.

MPM is often diagnosed at advanced stages due to its
nonspecific presentation. In this case, an initial biopsy did
not yield a clear diagnosis, necessitating a further diag-
nostic workup. The bloody ascitic fluid obtained through
peritoneal centesis was a key diagnostic clue, prompting
further investigation. Imaging modalities such as CT scans
may reveal signs of peritoneal thickening or fluid accumu-
lation, but definitive diagnosis often requires aspiration
of the ascitic fluid or biopsy of affected tissues [7,8,9].
The treatment options for MPM are limited, particularly in
advanced cases where the malignancy has led to signifi-
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cant organ dysfunction. Modern treatment for advanced
peritoneal mesothelioma includes: cytoreductive sur-
gery (CRS), hyperthermic intraperitoneal chemotherapy
(HIPEC), systemic chemotherapy, targeted therapy (e.g.,
VEGF inhibitors [e.g., bevacizumab]), and immunothera-
py (e.g., checkpoint inhibitors [e.g., nivolumab]). Cytore-
ductive surgery combined with hyperthermic intraperi-
toneal chemotherapy (HIPEC) is the standard treatment
approach in selected cases, but the prognosis remains
poor [10,11,12,13]. In our case, the patient’s renal failure,
along with the worsening ascites despite diuretic therapy,
suggests that the disease was far advanced af the time of
diagnosis. The patient’s prognosis is likely poor, and sup-
portive care, including renal dialysis, may be the primary
management approach.

The presented case highlights the importance of con-
sidering both occupational exposure and viral infections
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Rezume Chronic heart failure with preserved left ventricular contractile function is of great interest to the modern medical com-
munity, especially to cardiologists. In chronic heart failure with preserved left ventricular contractility, the risk factors and
comorbidities, including atrial fibrillation, underlying the development of HFpE are of relevance. Right ventricular involve-
ment is a major concern in patients with HFpEF. RV dysfunction is associated not only with the severity of clinical signs and
heart failure but also with future prognosis and disease outcome.

As atrial fibrillation itself contributes significantly not only to HFpE development but also to the secondary involvement of
the RV in this process, it is interesting to identify possible differences in symptomatology, risk factors, and laboratory and
instrumental study responses between patients with sinus rhythm and those with atrial fibrillation.

Methods: We looked at 34 patients with chronic heart failure with preserved left ventricular contractility. We divided the
patients into two independent groups based on heart rhythm characteristics: sinus rhythm and atrial fibrillation. The analysis
examined the data separately in two different groups and compared the results.

All maijor risk factors and comorbidities underlying HFpE and the parameters of diastolic dysfunction, as revealed by the
increase in pulmonary artery pressure (PAP) and E/e" ratio, and the left atrial volume index (LAVI), were addressed. The
functional status of the right ventricle and the incidence and degree of pulmonary hypertension were also investigated
using echocardiographic parameters such as right ventricular fractional area (FAC), right ventricular myocardial perfor-
mance index (RIMP), tricuspid annulus excursion (TAPSE), mean pulmonary artery pressure (mPAP), and tricuspid annular
systolic velocity (S'). Finally, we compared the data from the two patient groups.

Conclusion: 1. The most common contributing factors to HFpEF are arterial hypertension, advanced age, atrial fibrillation,
and acquired valvular pathology. 2. Increased left ventricular pressure is observed in both HFpEF groups, although this is
more strongly related to the concurrent presence of AFib. 3. FAC is the least informative of the echocardiographic param-
eters of right ventricular dysfunction. TAPSE decreases in both patient groups, with greater decreases in the AFiB group. S°
is not an important diagnostic marker because of its decrease in a small patient population. The most informative parameter
reflecting RV dysfunction is the RIMP, which increases by almost the same amount in sinus rhythm and atrial fibrillation. 4.
Right atrial fibrillation is an important marker of right ventricular dysfunction in patients with HFpEF, particularly in AFib. 5.
Pulmonary hypertension is present in all patients with HFpEF and AFib, as a secondary symptom of right-sided dysfunction.

Key words: Chronic heart failure with preserved left ventricular function (HFpEF), sinus rhythm, atrial fibrillation, right
ventricular dysfunction, diastolic dysfunction, pulmonary artery hypertension (PAH), left atrium volume index (LAVI).

INTRUDUCTION papers and articles have been devoted to these topics. For

Chronic heart failure with preserved left ventricular example, a study by Sacha Bhatia, which looked af the in-

contractility is of great interest to the modern medical
community, especially to cardiologists. This pathology is
particularly remarkable for the involvement of the right
ventricle in the pathological process, in the context of its
systolic and diastolic dysfunction, and for the increase in
morbidity, hospitalization, and mortality.

In chronic heart failure with preserved left ventricular
function, the greatest concern is for the risk factors and
comorbidities that exist in specific patients. Also of interest
are the patients' age and gender, which are highly cor-
related with HFpF development. Numerous peer-reviewed

cidence of comorbidities and risk factors in HFpE patients,
found that the majority of patients were over 75 years of
age, mostly women (66%), and usually had arterial hyper-
tension (55%). In addition, HFpEF patients were more like-
ly to have diabetes mellitus and hyperlipidemia, and were
more likely to smoke. It is worth noting that HFpEF, unlike
HFrEF, where coronary and peripheral vascular disease
predominate, has been associated with increased inci-
dence of arrhythmias, especially atrial fibrillation [1].
One of the major pathological mechanisms for the de-
velopment of chronic heart failure with preserved left ven-
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tricular contractility is the loss of left ventricular contractil-
ity and so-called diastolic dysfunction. This process always
leads to secondary remodeling of the left atrium, which
in turn increases the risk of various arrhythmias, particu-
larly atrial fibrillation. Available data suggest that atrial
fibrillation occurs in 20-65% of patients with HFpEF [2].
Furthermore, HFpEF predominantly affects elderly individ-
uals, who are more likely to have coexisting conditions that
further increase the risk of atrial fibrillation [3].

In HFpEF patients with normal sinus rhythm, RV dysfunc-
tion occurs in approximately 31-53% of cases, whereas in
patients with atrial fibrillation, the prevalence increases to
65-73% [2].

There are many theories as to the mechanism by which
atrial fibrillation leads to worsening of right ventricular
dysfunction in patients with HFpEF. Some researchers be-
lieve the simultaneous remodeling of the right atrium may
explain this condition. Left atrial remodeling may also con-
tribute to increased left ventricular pressure, reflected by
the E/e' ratio and pulmonary artery pressure. Interestingly,
in the Ulric Sartipy study, the incidence of atrial fibrillation
in HFpEF patients was also explained by severe diastolic
dysfunction and an increase in the left ventricular pressure,
which in turn contributed to a pronounced remodeling of
the left atrium and ultimately resulted in a high risk of AF.
In support of this idea, the author noted that NT-proBNP
levels were significantly higher in patients with HFpF and
AF [4]. This fact further supports the idea of left atrial fibril-
lation and pronounced remodeling.

Assaf Ben Arzi also discusses mechanisms of arrhyth-
mia development in HFpEF patients in his work, focusing
primarily on atrial fibrillation. According to the author, di-
astolic dysfunction of the left ventricle, increased left ven-
tricular filling pressure, and left atrial remodeling are the
main reasons that increase the risk of atrial fibrillation in
this group [5].

Regarding NT-proBNP, Carolyn Lam's article states
that the diagnostic value of this laboratory marker for ver-
ifying HFpEF in patients with AF should be assessed with
caution, since it is not uncommon for patients to experi-
ence no subjective symptoms of HF despite an increase in
NT-proBNP. The increase in this indicator is primarily due
to the existing arrhythmia itself and pronounced left atri-
al remodeling. Therefore, the author calls for the use of
additional diagnostic parameters, primarily the left atrial
volumetric index (LAVi) [6].

Some studies suggest that in the setting of AF, the lon-
gitudinal contractile function of the right ventricle is more
impaired. This concept is further supported by echocardio-
graphic studies showing that restoration of sinus rhythm
results in parallel improvement in parameters assessing RV
longitudinal contractility [7]. Incidentally, Maja Cikes also
named the cause of the predominant involvement of the
RV in atrial fibrillation in HFpEF patients as its longitudinal
contractility disorder [3].

Based on the above, in our patients, it would be inter-
esting to assess whether there is a certain difference be-
tween the sizes and volumes of the right atrium, as well as
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whether there is a higher rate of increase in left ventricular
filling pressure in patients with HFpEF in two independent
groups of sinus rhythm and atrial fibrillation.

MATERIALS AND METHODS
Characteristics of the study population

A prospective study, the aim of which was to study the
involvement of the right ventricle according to the analysis
of echocardiographic parameters in patients with chron-
ic heart failure with preserved left ventricular contractile
function in patients with sinus rhythm and atrial fibrillation
separately and to compare the above data with each oth-
er, was conducted at David Agmashenebeli University of
Georgia (DAUG) and Department of Cardiology of Jerarsi
Clinic. During the study, data from 34 patients were ana-
lyzed, collected from January 2024 to December 2024.

The ethical issues of this study were discussed and ap-
proved by the Scientific Council of the DAUG. All patients
involved in the study signed a consent form approved by
the Scientific Council of the DAUG.

Chronic heart failure with preserved left ventricular
ejection fraction (HFpEF) was confirmed in all patients by
1. The subjective and objective symptoms characteristic

of HFpEF.

2. ldentifying risk factors that contributed to the develop-
ment of HFpEF.

3. The presence of a minimum of 4 and a maximum of 9
points of H2FpEF.

4. NT-proBNP testing, the target value of which in patients
with sinus rhythm was = 220 pg/ml and in patients with
atrial fibrillation was =2 660 pg/ml. In all patients, the
left ventricular (LV) ejection fraction (EF) was = 50%.
The exclusion criteria for this study were as follows:

refusal to sign the informed consent form, left ventric-

ular ejection fraction < 50%, inappropriate increase in

NT-proBNP, other clear causes of NT-proBNP elevation,

including (myocarditis, hypertrophic cardiomyopathy with

or without outflow tract obstruction), myocardial trauma,
pericardial diseases, severe infection, recent blood and
blood component infusion, severe and critical anemia,
severe liver cirrhosis, severe acquired heart disease, any
type of congenital heart disease, acute cardiac or neuro-
logical problem (MI, angina, stroke) within 3 months prior
to the study, coronary revascularization (PCl or CABG)
within 3 months prior to the study, presence of an artifi-
cial heart valve, current and active viral hepatitis, active
oncological disease, pathologies, terminal stage of chron-
ic renal failure and acute renal failure, patients with any
primary pathology that may affect the functional state of
the right ventricle (severe COPD, bronchial asthma, pul-
monary tuberculosis and other diseases of a specific na-
ture, interstitial/inflammatory pathologies of the lungs of
various causes, severe pulmonary fibrosis, oncological
diseases of the lungs, acute pulmonary embolism or pulmo-
nary hypertension developed against the background of
chronic pulmonary embolism - CTEPH, severe sleep apnea
syndrome), patients with unsatisfactory echocardiography
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in whom it will be technically impossible to perform a car-
diac ultrasound examination.

Patients were divided into two large groups: the first
group included individuals with sinus rhythm, and the sec-
ond group included patients with atrial fibrillation.

Demographic parameters were studied in all patients,
including gender, age, height, weight, body mass index
(BMI), and smoking status.

Laboratory studies included NT-proBNP, complete
blood count, troponin, creatinine, eGFR, glycemic status,
and iron levels (for patients with anemia). The study was
conducted at the Jerarsi Clinic.

Electrocardiography was studied. The following pa-
rameters were measured in patients with sinus rhythm:
heart rate, RR, PQ (PR), QRS, QT, and QTc. In patients with
atrial fibrillation, heart rate, QRS, QT, and QTc parame-
ters were studied.

All patients included in the study underwent a compre-
hensive cardiac ultrasound examination using the MIN-
DRAY Resona 19. Linear measurements and volume esti-
mation of cardiac chambers and vessels were performed
according to the 2015 guidelines of the American Society
of Echocardiography and the European Association of
Cardiovascular Imaging: Recommendations for Cardiac
Chamber Quantification by Echocardiography in Adults:
An Update from the American Society of Echocardiog-
raphy and the European Association of Cardiovascular
Imaging. The right ventricle was assessed using the 2010
Guidelines for the Echocardiographic Assessment of the
Right Heart in Adults: A Report from the American Soci-
ety of Echocardiography and the 2020 Guidelines for the
Echocardiographic Assessment of the Right Heart in Adults:
A Practical Guideline from the British Society of Echocar-
diography, and other relevant literature and guidelines.
Diastolic function was assessed according to the 2016
guidelines of the American Society of Echocardiography
and the European Association of Cardiovascular Imaging:
Recommendations for the Evaluation of Left Ventricular Di-
astolic Function by Echocardiography: An Update from the
American Society of Echocardiography and the European
Association of Cardiovascular Imaging.

The left ventricle was studied using the 17-segment
method. Diastolic function was assessed using the fol-

lowing parameters: mitral pulse-wave Doppler (PW Dop-
pler), mitral annulus tissue Doppler, deceleration time (DT),
isovolumic relaxation time (IVRT), left atrial volume (LA vol-
ume) and volumetric index (LAVi), and tricuspid valve peak
flow velocity (TR velocity).

The data of the right chambers, including the right
ventricle, were evaluated using the following parameters:
linear measurements of the right chambers and their vol-
umes, fractional shortening area (FAC), tricuspid annular
plane systolic excursion (TAPSE), tricuspid annular tissue
S* peak (TDIRV S*), RV index of myocardial performance
(RIMP), and Eccentric Index (El). The following parameters
were taken as indicators of the norm: FAC < 35%, RIMP >
0.54, TAPSE<20 mm,RV S* <10,and El < 1.

Based on the obtained data, we drew the appropriate
conclusions, which will be discussed in detail below.

Statistical analysis

Patients in this study were divided into two main groups:
those with sinus rhythm and those with atrial fibrillation.
The data from both groups were entered into a single,
common table and then analyzed separately. To test the
null hypothesis, the independent-samples Mann-Whitney
U test was used.

To perform the comparative analysis, Levene's Test for
Equality of Variances was used. According to this analysis,
the estimated difference in the pro-BNP index between
patients with sinus rhythm and those with atrial fibrillation
was examined.

Correlation analysis was also performed between
echocardiographic parameters of right ventricular systol-
ic and diastolic dysfunction and pro-BNP, NYHA class of
heart failure, and diastolic dysfunction parameters such as
PCWP, E/e" ratio, and LAVi index, using the Pearson cor-
relation test.

In statistical analysis, if P < 0.05, the data were reli-
able; if P>0.05, the data were less reliable and unreliable.

RESULTS

Our study included 34 patients. Of these, 29 patients
were female (85.3%), and 5 patients were male (14.7%)
(table 1).

Table 1. Distribution of patients by gender

Frequence percent valid percent c:::l‘:rri:e
Famale 29 85.3 85.3 853
Valid Male 5 14.7 14.7 100.0
Tatal 34 100.0 100.0

Table 2. Distribution of patients by heart rhythm

Frequence percent valid percent c:::l:t:;e
Sinus Rhytm 14 41.2 41.2 41.2
Valid Atrial fibrilation 20 58.8 58.8 100.0
Tatal 34 100.0 100.0
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Table 3. Minimum, maximum, and average patient ages

N
e ||

Mean 79.24
Std. Deviation 8.557
Minimum 52
Maximum 91

Of these 34 patients, 14 (41.2%) had normal sinus
rhythm, while 20 (58.8%) had atrial fibrillation. Accord-
ingly, almost the same number of patients were included in
the sinus rhythm and AFiB groups (table 2).

Based on the patients' data, their age and weight were
studied. After analysis, the average age of the subjects in
the study was 79 years (M =79.24; SD = 8.577), with a
minimum of 52 years and a maximum of 91 years (table 3).

Among the anthropometric indicators, attention was
paid to patients' weight, which was necessary when sum-
ming the H2FPEF scores. Accordingly, the average weight
of the subjects was 81 kg (M = 81.33; SD = 14.11), with
a minimum of 55 kg and a maximum of 120 kg (table 4).

CLINICAL FEATURES

In the management of HFpEF, a significant emphasis is
placed on the risk factors and comorbidities that markedly
elevate the likelihood of developing this specific type of
chronic heart failure. Throughout our research, we sought
to determine whether there is a notable distinction in risk
factors and comorbidities between patients with sinus
rhythm and those with atrial fibrillation. To this end, we
used specialized questionnaires distributed to study partic-
ipants, along with a thorough examination of their medical
records, which enabled us to gather extensive data on the
presence of comorbidities. Below, we present a table that
effectively illustrates the distribution of the most critical

3'36.53 éaénaanqmb badoﬁmga@mb dnﬁ'gﬁannb 33053

Table 4. Minimum, maximum, and average patient weights

TR

Mlssmg 0
Mean 81.332
Std. Deviation 14.1150
Minimum 55.0
Maximum 120.0

comorbidities and risk factors among patients with sinus
rhythm and those with atrial fibrillation (diagram 1).

Patients also completed a questionnaire related to the
study, in which they documented symptoms and complaints
experienced prior to their participation. Analysis of these
symptoms was instrumental in accurately diagnosing HF-
pEF and in the proper evaluation of the H2FpEF scoring
system. Based on the gathered information, it was intrigu-
ing to investigate whether there were any shared symp-
toms prevalent among patients with sinus rhythm and those
with atrial fibrillation. Additionally, we noted certain dis-
tinctions between the subjects in these two groups, par-
ticularly regarding which symptoms were more indicative
of one group than the other. Below is a compilation of the
most frequently reported subjective and objective symp-
toms observed in individuals with sinus rhythm and atrial
fibrillation (diagram 2).

LABORATORY CHARACTERISTICS

Given that pro-BNP serves as a crucial diagnostic lab-
oratory marker for chronic heart failure characterized by
preserved left ventricular contractile function, we exam-
ined its parameters across all patients. Our initial focus was
on determining the maximum, minimum, and mean pro-BNP
values, leading to the following findings. In patients with
sinus rhythm, the minimum pro-BNP value was 475.40
pg/ml, and the maximum was 8528.61 pg/ml. Conse-

Diagram 1. The distribution of risk factors and comorbidities among patients exhibiting sinus rhythm and those with atrial fibrillation
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Diagram 2. The distribution of both subjective and objective symptoms among
patients experiencing sinus rhythm and those with atrial fibrillation

Table 5. Minimum, maximum, and average pro-BNP levels observed in
patients exhibiting sinus rhythm and those with atrial fibrillation

NT-proBNP (pg/ml) ‘
Mean 2428.9643
Sinus rhythm
Std. Deviation 2262.85817
Minimum 475.40
Maximum 7671.90
e E—
Mean 6571.1084
Atrial fibrillation
Std. Deviation 8528.61693
Minimum 1274.00
Maximum 35000.00
t statistics - 2.07039, p-value - 0.04982

quently, we calculated the mean value to be 2428 pg/ml
(M =2428.96; SD = 2262.85).

In patients diagnosed with atrial fibrillation, the mini-
mum pro-BNP level recorded was 1274 pg/ml, while the
maximum reached 8528.61 pg/ml. Consequently, the av-

erage pro-BNP level was calculated to be 6571.10 pg/ml
(M=6571.10; SD=8528.61) (table 5).

It was infriguing to examine the degree of difference
in pro-BNP increase between patients in the sinus rhythm
and atrial fibrillation groups. The correlation analysis indi-
cated no statistically significant difference in this variable
between the two groups (P = .056). However, it is import-
ant to note that individuals with atrial fibrillation showed a
greater increase in pro-BNP than those with sinus rhythm

(table 6).

ECHOCARDIOGRAPHIC FEATURES

As previously mentioned in the literature review, the
likelihood of developing atrial fibrillation in patients with
HFpEF is heightened by several significant factors, includ-
ing diastolic dysfunction, elevated left ventricular pressure,
and left atrial remodeling. Conversely, alterations associ-
ated with HFpEF, particularly impaired diastolic function
and left atrial remodeling, may contribute to the onset of
AFib. In light of this perspective, it was pertinent to inves-
tigate the frequency of diastolic dysfunction parameters
and elevated left ventricular filling pressure, including pul-
monary capillary wedge pressure (PCWP), the increased

Table 6. Variations in pro-BNP levels between patients exhibiting sinus rhythm and those with atrial fibrillation

Levene's Test for
Equality of Variances

t-test for Equality of Means

95% Confidence Interval
F Si t df Sig. Mean Std. Error of the Difference
9- (2-tailed) Difference Difference
Lower Upper
E
}) Equal variances assumed 6.883 013 | -1.765 31 087 | -4142.14414 | 2346.49165 -8927.84541 643.55714
[°%
o
z
o
<
'_?' Equal variances not assumed -2.023 | 21.334 056 | -4142.14414 | 2047.93341 -8396.99743 112.70916
z
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E/e' ratio, and the augmented left atrial volumetric index
(LAVi), within our study population. Additionally, we sought
to determine whether there was a more distinct and spe-
cific variation in the aforementioned echocardiographic
parameters between two independent cohorts: individuals
in sinus rhythm and those with atrial fibrillation.

PCWP was determined using the equation PWCP =
1.24 x (E/e*) + 1.9, where E represents the peak height of
the E wave measured by transmitral PW Doppler, and e*
denotes the average values of the septal e and lateral e
parameters acquired through tissue Doppler assessment of
the mitral annulus. The standard PCWP threshold was set
at <15 mmHg. Furthermore, the mean values of E and e*
were utilized to approximate the filling pressure of the left
ventricles when the normal E/e" ratio was < 9.

Consequently, the analysis of these parameters indi-
cated that among 14 individuals with sinus rhythm, 9 pa-
tients demonstrated elevations in both the PCWP and E/e'
ratio, suggesting an increase in left ventricular filling pres-

sure (64.3%). Conversely, 5 patients (35.7%) were found
not to exhibit this issue (table 7).

Among the 20 participants categorized within the atri-
al fibrillation group, an elevation in PWCP and E/e" ratio,
leading to left ventricular enlargement, was noted in 17
instances (85%), whereas the existence of the previously
mentioned issue was refuted in merely 3 instances (15%)
(table 8).

The left atrial volumetric index (LAVi) is an independent
risk factor for the onset of atrial fibrillation. It is evident
that, in the context of HFpEF, with left atrial remodeling
and a corresponding rise in LAVi, the likelihood of devel-
oping this arrhythmia significantly increases, a point we
have elaborated on previously. Conversely, atrial fibrilla-
tion, which is frequently considered a primary contributor
to HFpEF, can also lead to left atrial remodeling and an
increase in LAVi.

In our research, we aimed to determine which group
predominantly showed an increase in LAVi and by how

Table 7. The rate at which left ventricular filling pressure rises in individuals exhibiting sinus thythm

AF * Filling cavities Crosstabulation

Filling cavities

Elevated left ventricular

filling pressure has not

Elevated left ventricular
filling pressure has been

AF

As per Fisher's analysis, the P value was determined to be 0.1611, i

been observed observed
Count 5 9 14
Sinus rhythm Expected Count 3.3 10.7 14.0
% within AF 35.7% 64.3% 100.0%
Count 3 17 20
Atrial fibrillation | Expected Count 47 15.3 20.0
% within AF 15.0% 85.0% 100.0%

N ———
Expected Count

g alack of

260

I significance

340

Table 8. The rate at which left ventricular filling pressure rises in individuals diagnosed with atrial fibrillation

‘ AF * Filling cavities Crosstabu

Atrial fibrillation

As stated by Fisher, the P value was recorded at 0.3507, indicating a lack of significance

lation

Filling cavities

Elevated left ventricular

filling pressure has not

Elevated left ventricular
filling pressure has been

been observed observed
Count 3 17 20
Expected Count 47 15.3 20.0
% within AF 15.0% 85.0% 100.0%

N ) S
e — ——

nAF
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much. The normal range for LAVi was established as < 34
ml/m2. A mild increase was classified as 34-41 ml/m?2;
a LAVi measurement of 42-48 mlL/m? was deemed mod-
erately elevated, while values exceeding 48 mL/m? were
categorized as markedly elevated. Based on these crite-
ria, among 14 patients with sinus rhythm, LAVi remained
within normal limits for 7 individuals (50%), whereas the
remaining 7 patients (50%) exhibited elevated levels;
within this group, a mild increase in LAVi was noted in 3
patients (21.4%), a moderate increase was identified in 2
patients (14.3%), and a significant increase was also re-
corded in 2 patients (14.3%) (table 9).

Regarding the 20 individuals diagnosed with atrial
fibrillation, we obtained varied responses: only 1 patient
had a normal LAVi (5%). Among the individuals assessed,

LAVi was slightly elevated in 7 patients (35%), moderately
elevated in 4 patients (20%), and substantially elevated in
8 patients (40%) (table 10).

The primary objective of the research was to determine
the extent to which deviations from the normative values
of right ventricular dysfunction parameters were more
pronounced in patients with sinus rhythm than in those with
atrial fibrillation. Our focus was on identifying the param-
eter that most accurately indicated right ventricular dys-
function, regardless of the subject's group. Additionally,
we sought to explore the relationship between echocar-
diographic parameters of right ventricular dysfunction
and the characteristics of the rhythm. To achieve this, we
examined indicators that reflect the functional status of the

right ventricle, including FAC, TAPSE, RIMP, and S*.

Table 9. LAVi measurement in individuals exhibiting sinus rhythm

AF * LAVI_Groups Crosstabulation

Slight Moderate Significant
enhancement | enhancement | enhancement

LAVI_Groups

i\)I

Count 7 3 2 14
AF | Sinus rhythm | Expected Count 3.3 4.1 2.5 4.1 14.0
% within AF 50.0% 21.4% 14.3% 14.3% 100.0%

Table 10. LAVi measurement in individuals exhibiting atrial fibrillation

AF * LAVI_Groups Crosstabulation

LAVI_Groups
N Slight Moderate Significant
ormal
enhancement | enhancement | enhancement
Count 1 7 4 8 20
Atrial fibrilation Expected Count 4.7 59 3.5 59 20.0
% within AF 5.0% 35.0% 20.0% 40.0% 100.0%

The analysis revealed that FAC had the lowest speci-
ficity for indicating right ventricular dysfunction in patients
from both groups. A reduction in FAC to below 35% was
observedin only 2 of 34 patients, with 1 in the sinus rhythm
group and 1 in the atrial fibrillation group (table 11).

In the context of TAPSE, a reduction in this measure-
ment (<20 mm) was observed in 20 of 34 patients (50.8%).
Among the 14 patients with sinus rhythm, 6 (42.9%) had a
decline in TAPSE below the relevant threshold. Converse-

Table 11. The rate at which FAC decreases in patients from both groups

ly, within the group of 20 patients diagnosed with atrial
fibrillation, a decrease in this metric was recorded in 14
patients (70%) (table 12).

While analyzing S, we observed a reduction (< 10
cm/s) in 11 patients, representing 32.4% of the total 34
patients. Furthermore, 4 cases (28.6%) were identified
within the sinus rhythm group, while 7 patients (35%) were
categorized in the atrial fibrillation group (table 13).

Table 12. The rate at which FAC decreases in patients from both groups

AF * FAC_1 Crosstabulation

1

Count 13 14
Sinus rhythm
AF % within AF 92.9% 7.1% 100.0%
Count 19 1 20
Atrial fibrillation
% within AF 95.0% 5.0% 100.0%
Count 32 2 34
Total
% within AF 94.1% 5.9% 100.0%
As stated by Fisher, the P value was recorded at 0.6613, indicating a lack of ical
significance

AF * TAPSE_1 Crosstabulation

TAPSE_1
Total
Normal Decreased
Count 8 6 14
Sinus rhythm
AF % within AF 57.1% 42.9% 100.0%
Count 6 14 20
Atrial fibrillation
% within AF 30.0% 70.0% 100.0%

Count 14 20 34

Total
% within AF 41.2% 58.8% 100.0%

As stated by Fisher, the P value was recorded at 0.1097, indicating a lack of statistical
significance

bagstroggmmb 36.87bsdol Jotmtams sbmgosgos 93



Table 13. The rate at which S* decreases in patients from both groups
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Table 14. The rate at which RIMP decreases in patients from both groups

AF * S_1 Crosstabulation ‘
S_1
Total
Normal Decreased
Count 10 4 14
Sinus rhythm
AF % within AF 71.4% 28.6% | 100.0%
Count 13 7 20
Atrial fibrillation
% within AF 65.0% 35.0% | 100.0%
- IS T
% within AF
Fisher reported a P value of 0.4945, indicating that it was not statistically significant

AF*RIMP_1 Crossiabulation |

RIMP_1
Total
Normal Decreased
Count 2 12 14
Sinus rhythm
AF % within AF 14.3% 85.7% | 100.0%
Count 5 15 20
Atrial fibrillation
% within AF 25.0% 75.0% | 100.0%
o T

% within AF

As stated by Fisher, the P value was 0.3775, indicating that it was not statistically significant

Regarding the rise in RIMP (>0.54), it was observed in
27 of the 34 individuals assessed (79.4%). Furthermore,
among the 14 patients in sinus rhythm, deviations from the
standard for this parameter were identified in 12 cases
(85.7%), whereas in the group of 20 patients with atrial
fibrillation, deviations were observed in 15 cases (75%)
(table 14).

Upon further examination of the distribution of FAC,
TAPSE, RIMP, and S* deviations from the normative val-
ves in individuals exhibiting sinus rhythm and those with
atrial fibrillation, we can identify the following response
patterns: Deviations in FAC from the norm were noted
equally, at 50%, in both cohorts, although such deviations
were the least frequently observed. Regarding TAPSE,
deviations from the norm were present in 30% of patients
with sinus rhythm, while 70% of subjects in the atrial fibril-
lation cohort exhibited such deviations. Deviations in S
from the norm were identified in 36.4% of individuals with
sinus rhythm and in 63.6% of those with atrial fibrillation.
Regarding RIMP, deviations from the norm were observed
in 44.4% of individuals with sinus rhythm and 55.6% with
atrial fibrillation (table 15).

When discussing right ventricular dysfunction, it is es-
sential to examine not only the echocardiographic param-
eters previously highlighted but also the right ventricular
dimensions and volumes. These parameters were similarly
assessed in our study participants. We specifically focused
on the basal right ventricular size in the apical 4-chamber
view, with a normative value of < 41 mm, irrespective of
gender. By analyzing data from 34 patients, we found that
the basal right ventricular size was elevated in 7 individ-
uals (20.6%). Among these, 1 patient was categorized in
the sinus rhythm group (7.1%), while 6 individuals were
categorized in the atrial fibrillation group (30%) (table
16).

We also examined right ventricular end-diastolic vol-
ume, with normal values < 44 ml in men and < 36 ml in
women. Our focus was on the extent of right ventricular
dilatation in both groups of participants. The findings were
as follows: in a cohort of 29 female patients, 14 instances
(48.3%) of right ventricular dilatation were noted, irre-
spective of heart rhythm, whereas in the male group, this

number was 5 (100%) (table 17).

Table 15. Deviation from the standard of TAPSE, S*, FAC, and RIMP observed in patients from both groups

Imparied contractile function

of the right ventricle
Crosstabulation

T
Atrial fibrillation

n 2
FAC_1
% 50.0% 50.0%
n 12 15 27
) ! RIMP_1
Imparied contractile % A44.4% 55.6%
function of the right o Y 2
i n
ventricle TAPSE_ 1
% 30.0% 70.0%
n 4 7 11
S_1
% 36.4% 63.6%
Total n 13 19 32
Percentages and totals are based on respondents.
a. Dichotomy group tabulated at value 1.
Fisher reported that the P value for the FAC parameter was 0.6667, indicating a lack of significance.
Fisher indicated that the P value for the RIMP parameter was 0.5011, which was also not significant.
Fisher noted that the P value for the TAPSE parameter was 0.3003, demonstrating no significance.
Fisher stated that the P value for the S* parameter was 0.533 1, which did not reach significance.
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Table 16. Deviation from the standard size of the right ventricle

in individuals from both groups

AF * Basalsize_Groups Crosstabulation

Basalsize_Groups

% within AF

Fisher reported a P value of 0.1153, indicating that it was not statistically significant

Total
Normal Decreased
Count 13 1 14
Sinus rhythm
AF % within AF 92.9% 7.1% | 100.0%
Count 14 6 20
Atrial fibrillation
% within AF 70.0% 30.0% | 100.0%
Total

Table 17. Deviation from the standard of RVEDV observed in patients from both groups

RVED_Gender
Gender

alid Percent | Cumulative Percent
15

Normal 517 517 517
Female | Valid | Right ventricular dilatation 14 48.3 48.3 100.0
Total 29 100.0 100.0
Male Valid | Right ventricular dilatation 5 100.0 100.0 100.0

As per Fisher's analysis, the P value was determined to be 0.05572, which is near the threshold of confidence

In general, when examining deviation of RVEDV from
the norm in patients with sinus rhythm compared to those
with atrial fibrillation, the following conclusion can be
drawn: right ventricular dilatation was observed in 42.9%
of patients in the sinus rhythm cohort and in 65% of pa-
tients with atrial fibrillation (table 18).

The focus of our research was right atrial dilatation, a
significant aspect of overall right ventricular remodeling
and dysfunction. The standard volume of the right atrium
was found to be less than 18 cm? for both genders. Con-
sequently, based on the data analysis, we concluded that
right atrial dilatation was identified in 22 of the 34 individ-
uals assessed (64.7%). Within this group, 6 patients were
classified as having sinus rhythm (42.9%), while 16 pa-
tients were categorized under the atrial fibrillation group
(80%) (table 19).

Ultimately, right ventricular dysfunction in individuals
with HFpEF is typically linked to pulmonary hypertension,
which in turn often plays a role in the emergence of symp-

Table 18. The deviation of RVEDV from the standard in individuals exhibiting sinus
rhythm and those with atrial fibrillation, considered separately.

AF * RVED_Gender Crosstabulation ‘
RVED_Gender

Total
Normal Decreased
Count 8 6 14
Sinus rhythm
AF % within AF 57.1% 42.9% 100.0%
Count 7 13 20
Atrial fibrillation
% within AF 35.0% 65.0% 100.0%
- s e
% within AF 44.1% 55.9% 100.0%

Fisher reported that the P value was 0.1766, indi

ting a lack of signifi ‘

toms associated with chronic heart failure, including short-
ness of breath and breathing difficulties, among others.
Our objective was to assess the presence and severity of
pulmonary hypertension in patients from both cohorts. To
achieve this, we evaluated mean pulmonary arterial pres-
sure (mPAP), with a normative value set at <20 mmHg. A
mPAP ranging from 20 to 40 mmHg indicated mild pulmo-
nary hypertension; a range of 41 to 55 mmHg was clas-
sified as moderate hypertension, while @ mPAP exceeding
55 mmHg was deemed severe pulmonary hypertension.
Based on the aforementioned findings, among the 14
patients in the sinus rhythm cohort, only 1 (7.1%) exhibit-
ed normal pulmonary pressure, whereas mild hypertension
was identified in 13 (92.9%). In the group of 20 patients
with atrial fibrillation, pulmonary hypertension was noted
in 16 individuals (80%). Within this subgroup, moderate
hypertension was observed in 3 cases (15%), and severe
hypertension was present in 1 case (5%) (table 20, 21).

Table 19. The distribution of right atrial dilation among patients in both groups

AF * RAcm_Groups Crosstabulation

RAcm_Groups

Right atrial
e dilatation
Count 8 6 14
Sinus rhythm
AF % within AF 57.1% 42.9% | 100.0%
Count 4 16 20
Atrial fibrillation
% within AF 20.0% 80.0% = 100.0%

% within AF 35.3% 64.7% 100.0%

As stated by Fisher, the P value was 0.03106, indicating a clear level of significance ‘
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Table 20. The prevalence of pulmonary hypertension among individuals exhibiting sinus rhythm

AF * Mpap_Groups Crosstabulation

AF Count

Mpap_Groups

13 0 0

14‘

Sinus rhythm

% within AF

71%

92.9% 0.0% 0.0% | 100.0%

Table 21. The prevalence of pulmonary hypertension among individuals exhibiting atrial fibrillation

AF * Mpap_Groups Crosstabulation

Mpap_Groups

Normal Moderate Severe
Count 16 3 1 20
Atrial fibrillation
% within AF 0.0% 80.0% 15.0% 5.0% | 100.0%

DISCUSSION

The involvement of the right ventricle in patients suffer-
ing from chronic heart failure with preserved left ventricu-
lar function is a significant issue that has garnered consid-
erable interest from the scientific community. Among the
various factors contributing to the onset of HFpEF, atrial
fibrillation is prominent. Furthermore, it is important to
highlight that individuals with HFpEF face an elevated risk
of developing AFib, particularly due to the presence of left
atrial remodeling and dilation.

The degree to which the right ventricle participates
in the pathological mechanisms of HFpEF, the manner in
which its dysfunction is reflected through deviations from
standard echocardiographic metrics, and the identifica-
tion of secondary indicators of RV dysfunction, particularly
pulmonary hypertension, constituted the primary aims and
inquiries of our research. Additionally, we sought to deter-
mine whether there were variations in these parameters
between two distinct cohorts: individuals with sinus rhythm
and those with atrial fibrillation.

To tackle these pertinent questions, we analyzed all
significant echocardiographic metrics indicative of right
ventricular dysfunction, such as TAPSE, RIMP, S*, and FAC.
We investigated the occurrence of pulmonary hyperten-
sion and utilized the highly sensitive measure of mean pul-
monary arterial pressure (mPAP) to address this concern.

Furthermore, we examined critical comorbidities asso-
ciated with HFpEF, including diastolic dysfunction, elevat-
ed left ventricular filling pressure, left atrial enlargement,
and left ventricular volumetric index, to assess their prev-
alence among HFpEF patients and their distribution across
different cardiac rhythms. Consequently, our objective
was to determine whether there is a significant difference
in the aforementioned parameters between patients with
HFpEF who present with sinus rhythm and those who pres-
ent with atrial fibrillation.

CONCLUSION

A total of 34 patients were categorized into two dis-
tinct groups. Among these, 14 patients were assigned to

96

the sinus rhythm group, and 20 to the atrial fibrillation
group. Through the analysis of their outcomes, we initial-
ly identified that the primary risk factor, which is crucial
in the onset of HFpEF, irrespective of heart rhythm char-
acteristics, is arterial hypertension (observed in 100% of
cases across both groups) along with a history of valvular
heart disease (92.9% in individuals with sinus rhythm and
100% in those with atrial fibrillation). For evident reasons,
a history of arrhythmia was presented in 100% of cases
among individuals with atrial fibrillation. Notably, Ulrik
Sartipy, who examined the occurrence of AF in patients
suffering from chronic heart failure with both preserved
and reduced left ventricular contractile function, noted
that this type of rhythm disorder is found in 21 to 65% of
patients with HFpEF, which is significantly higher than the
prevalence of the same arrhythmia in patients with HFrEF,
which ranges from less than 10% to 50% [x].

Interestingly, age, a primary criterion for diagnosing
H2FpEF, significantly contributed to the progression of
this condition, irrespective of heart rhythm: advanced age
(>60 years) was observed in 92.9% of cases in the sinus
rhythm cohort and in 100% of those with atrial fibrillation.

Upon reviewing the diagnostic criteria for H2FpEF, it
was also found that severe arterial hypertension, necessi-
tating the administration of two or more antihypertensive
medications, was present in 92.9% of individuals exhibiting
sinus rhythm and in 100% of those with atrial fibrillation.

The prevalence of pulmonary hypertension (PASP >
35 mmHg as determined by Doppler) and elevated left
ventricular filling pressure (E / e > 9 as measured by
Doppler) was markedly higher in both cohorts: 85.7% and
78.6% among individuals with sinus rhythm and 80% and
90% among those with atrial fibrillation, respectively (ta-
ble 22).

We received a noteworthy response regarding the
pro-BNP index, revealing that an elevation in this crucial
laboratory marker of heart failure was observed in both
cohorts; however, it was more pronounced in patients with
concurrent atrial fibrillation.

The left ventricular filling pressure was assessed by
calculating the ratio of the pulmonary capillary wedge
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Table 22. The allocation of diagnostic criteria for H2FpEF among patients in both groups

H2FpEF_Criteria Crosstabulation

H2FpEF_Criteria

Excess weight h Severe. Atrial Fibrillation PU'TOMW Hyper- Filling Pressure
ypertension o] (2 e Tharel tension (Pulmonary | Adult age (Elder) ooy
(Heavy) . (Atrial Fibrillation) : (Filling Pressure)
2 boi (Hypertensive) . Hypertension) .
point o 3 point . 1 point
point 1 point
Sinus rhythm Count 6 13 3 12 13 1 14
AF % within AF 42.9% 92.9% 21.4% 85.7% 92.9% 78.6%
Atrial Count 7 20 20 16 20 18 20
friltion % within AF 35.0% 100.0% 100.0% 80.0% 100.0% 90.0%
Total Count 33
Percentages and totals are based on respondents
a. Dichotomy group tabulated at value 1

pressure (PCWP) to the average of the transmitral E peak
and the mitral annulus e peaks. Based on PCWP and E/e',
an increase in left ventricular filling pressure was iden-
tified in 64.3% of patients with sinus rhythm (9 patients)
and in 85% of patients with atrial fibrillation (17 patients).
Thus, it is evident that PCWP is a vital indicator of rising
left ventricular filling pressure, and this parameter is more
frequently elevated in individuals with AFib.

The phenomenon of left afrial remodeling was exam-
ined meticulously, with the primary focus being the left
atrial volumetric index (LAVi), which was ultimately ana-
lyzed at the conclusion of the study. In subjects with sinus
rhythm, left atrial dilatation and remodeling were identi-
fied in 50% of cases, whereas in those with atrial fibril-
lation, this percentage rose to 94.7% (19 cases). It is also
important to highlight that among individuals with atrial
fibrillation, moderate to severe instances of left atrial dil-
atation/remodeling were predominantly noted, while only
35% exhibited mild abnormalities. In contrast, among in-
dividuals maintaining sinus rhythm, the occurrence of pro-
nounced dilatation/remodeling was significantly lower,
at 14.3%. Consequently, the hypothesis suggesting that
left atrial dilatation/remodeling is more pronounced in
patients with HFpEF when atrial fibrillation is present has
been substantiated.

A noteworthy conclusion regarding this matter is pre-
sented in an article by Dipak Kotecha, who examined
the prevalence of atrial fibrillation (AF) in patients with
heart failure with preserved ejection fraction (HFpEF). In
patients exhibiting this arrhythmia, a marked elevation in
NT-proBNP levels, significant left afrial enlargement, and
pronounced diastolic dysfunction were frequently noted;
furthermore, the predominant demographic consisted of
older adults [xi]. Consequently, the genuine correlation
observed in our research regarding atrial remodeling, ele-
vated left ventricular filling pressure, and the frequency of
atrial fibrillation in patients with HFpEF has similarly been
recognized by other scholars.

Regarding the echocardiographic indicators of the
functional condition of the right ventricle, we concentrated
on TAPSE, FAC, S*, RIMP, and the parameter for pulmo-
nary hypertension, specifically mPAP.

Regarding FAC, our findings indicated that this param-
eter showed the least variation, suggesting RV dysfunction
in both groups. Although pathological alterations in FAC
were noted in 50% of patients within each group, devia-
tions from the normal range were only identified in one pa-
tient from the sinus rhythm group and one patient experi-
encing atrial fibrillation. Thus, FAC should not be regarded
as a specific echocardiographic marker of RV dysfunction
in either patient group.

Regarding TAPSE, which primarily assesses the longi-
tudinal contractile function of the right ventricle, we ob-
served notably different results. Specifically, a reduction
in TAPSE was found in patients from both groups, with
this parameter being predominantly affected in patients
with atrial fibrillation (70%). Consequently, evaluating RV
contractility along the longitudinal axis and, by extension,
calculating TAPSE can be deemed a significant diagnostic
criterion for investigating RV dysfunction, particularly in
individuals with AFiB.

The reduction in the S* parameter did not show signifi-
cant diagnostic value, as a decrease was observed in only
28.6% of individuals with sinus rhythm and 35.0% with
atrial fibrillation.

Regarding RIMP, a parameter that reflects both systol-
ic and diastolic function of the right ventricle, an increase
was observed at nearly identical frequencies in both co-
horts: 44.4% among individuals with sinus rhythm and
55.6% among those with atrial fibrillation. Notably, the
rise in RIMP was similarly observed with almost equivalent
frequency, irrespective of whether the patient maintained
a normal sinus rhythm or experienced atrial fibrillation:
85.7% and 75%, respectively. This suggests that RIMP
serves as a definitive indicator of right ventricular dys-
function, independent of the patient's rhythm type.

The assessment of right ventricular dilatation involved
calculating RV basal size and RVEDV. Our findings indicate
that the basal size of the right ventricle may remain within
the normal limits, irrespective of any impairment in its sys-
tolic and/or diastolic function, as evidenced by parame-
ters such as FAC and TAPSE. Consequently, the basal size
of the right ventricle does not serve as a reliable indicator
of its functional status across demographic groups. Mea-
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suring the right ventricular volume was a considerable
challenge, given that normal RVEDV values differ between
males and females. Since the majority of participants in
our study were female (29 women and 5 men), a thorough
gender-based analysis of this parameter was unfeasible.
Furthermore, among the female participants, RVEDV val-
ues were nearly evenly distributed between normal and
pathological ranges, at 51.7% and 48.3%, respective-
ly, whereas all five male participants (100%) exhibited
pathological RVEDV values.

Concerning right atrial dilatation, it was relatively
straightforward to reach conclusions, as the normative val-
ue for this parameter is identical for both men and women
(< 18 cm?). Consequently, upon analyzing the data, we
found that right atrial dilatation occurs in the majority of
HFpEF cases (64.7%) and, among those with atrial fibril-
lation, it was observed more frequently (80% of cases).

In our investigation of pulmonary hypertension, we ob-
served that the condition developed in nearly all patients,
irrespective of rhythm disturbances: 92.9% in sinus rhythm
and 100% in atrial fibrillation. Notably, moderate hyper-
tension was more prevalent among individuals with atrial
fibrillation (15.0%). In contrast, moderate hypertension
was absent in patients with sinus rhythm, with all issues in
this group being limited to mild pulmonary hypertension.

In conclusion, our research allows us to establish the
following points: 1. The primary factors contributing to
HFpEF are arterial hypertension, older age, atrial fibril-
lation, and acquired valvular diseases. 2. An elevation
in left ventricular filling pressure is noted in both patient
groups with HFpEF, although this is more closely linked to
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the concurrent presence of AFiB. Furthermore, patients
with AFib frequently experience issues related to left atrial
enlargement/remodeling, which is predominantly indicat-
ed by an increase in the LAVi index. 3. Among the echo-
cardiographic indicators of right ventricular dysfunction,
including TAPSE, S*, RIMP, and FAC, FAC is the least in-
formative, as its reduction is rarely observed, irrespective
of the patient's heart rhythm. TAPSE, which assesses RV
longitudinal contractile function, shows a decrease in both
patient groups, though it is more pronounced in AFiB. S*
does not serve as a significant diagnostic marker, given
that its reduction is seen in a limited number of patients,
regardless of heart rhythm. RIMP stands out as the most in-
formative parameter indicative of RV dysfunction, increas-
ing with nearly equal frequency, irrespective of whether
sinus rhythm or atrial fibrillation is present. 4. Right atrial
enlargement is a crucial marker of right ventricular dys-
function in patients with HFpEF, particularly in the context
of AFiB. 5. Pulmonary hypertension, recognized as a con-
comitant symptom of right-sided dysfunction, is present in
all patients with HFpEF alongside AFiB and is frequently
observed in those with sinus rhythm. Additionally, AFIB is
more closely associated with mild hypertension compared
to sinus rhythm.

BASIC LIMITATIONS

The study's predominant patient demographic was fe-
male; therefore, a detailed analysis of the data stratified
by gender would be unreliable.
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Heart failure (HF) has been known since ancient times. The first cases were described in Egypt, and later Avicenna and
other leading historical figures discussed this pathology. William Harvey made a significant contribution to defining the
physiological foundations of heart function and blood circulation, and in the 20th century, E.H. Starling formulated the “law
of the heart”, which became the basis for the hemodynamic understanding of heart function.
HF is a growing global problem, the second most common cardiovascular disease, and the leading cause of hospitalization.
Properly selected drug treatment for patients is the cornerstone of the management of this nosology. Studies show that af -
ter 6 months of drug discontinuation, most patients relapse, contractile function decreases, and hospitalization is required .
This emphasizes the importance of properly selected and continuous therapy.
The sympathetic nervous system and renin-angiotensin-aldosterone system (RAAS) play a leading role in heart failure. Their
activation causes hemodynamic disturbances, cardiac remodeling, and chronic dysfunction.
According to the classification, heart failure is distinguished according to the ejection fraction:

e HFrEF - reduced (EF < 40%);

¢ HFmrEF - moderately reduced (EF 41-49%);

¢ HFpEF - preserved (EF 2 50%).
Heart failure with reduced ejection fraction is characterized by frequent exacerbations and high mortality. The main goals
of treatment are: reducing mortality, reducing hospitalizations, and improving quality of life.
According to the therapeutic standard, first-line medications for HfrEF include ACE inhibitors, ARNI, beta-blockers, spi-
ronolactone, SGLT2 inhibitors, and diuretics.
Perindopril — an ACE inhibitor characterized by long-lasting action and relatively low side effects (e.g., dry cough). It
has proven efficacy in various cardiovascular nosologies in clinical trials: ASCOT, EUROPA, PROGRESS, PREAMI, and
ADVANCE.
However, it is important to clarify that, to date, no specific, high-quality study has demonstrated the direct efficacy of
perindopril in patients with HFrEF. Analysis of the available data suggests a potential benefit, but targeted studies are
necessary to meet evidence-based medicine standards.

Key words: Heart Failure; Reduced Ejection Fraction; HFrEF

HISTORICAL FACTS

The oldest known case of decompensated heart fail-
ure is a 3,500-year-old Egyptian nobleman named Nebiri,
discovered in a looted tomb in the Valley of the Queens
by Egyptologist Ernesto Schiaparelli. Now housed in the
Egyptian Museum in Turin, Nebiri lived during the reign of
18th Dynasty pharaoh Thutmose lIl. Pathologist Andreas
Nerlich examined the lung tissue, finding evidence of pul-
monary edema presumably due to heart failure, after rul-
ing out other causes such as tuberculosis, granulomas, or
mycobacterial infections [1].

The medieval Arab scholar lbn Sina, known in the West
as Avicenna (980-1037), was renowned as a specialist
in heart disease. His treatise Kitab al-Adviyt-al-Qalbi-
ye, or "Book of Medicines for the Heart", discusses the
treatment of dyspnea, palpitations, and syncope [2]. The
turning point came in 1628, when William Harvey clearly
described the circulation of blood and laid the foundation
for understanding the hemodynamic abnormalities in heart
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failure. A few years later, descriptions of heart failure
caused by tamponade and mitral stenosis became avail-
able. In the mid-18th century, Lancisi noted that valvular
regurgitation causes ventricular dilatation, but he noted
that the ventricular cavity does not dilate in aortic stenosis.
He also hypothesized that dilation weakens the heart [3].

The Romans were known to use digitalis as a "cure."
Bloodletting and leeches were used for centuries. In 1785,
William Withering published his work on the benefits of
digitalis [4]. In the 19th and early 20th centuries, South-
ey's tubes were inserted into swollen limbs to drain fluid in
heart failure. The discovery of X-rays by Roentgen and of
electrocardiography by Einthoven in the 1890s improved
understanding of heart failure. Later, echocardiography,
cardiac catheterization, and nuclear medicine advanced
diagnostic and investigative capabilities. By the 20th cen-
tury, distinguishing types of cardiac enlargement became
especially important. In 1918, E.H. Starling published his
“Llaw of the Heart.” His demonstration that increasing di-
astolic volume strengthens the heart surprised many, as
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it went against the 19th-century view that dilation weak-
ened the heart [5].

The study conducted in India was significant; it contrib-
uted to a new understanding and treatment of heart fail-
ure, leading to its recognition as a neuroendocrine disease
rather than a heart disease. As a result, angiotensin-con-
verting enzyme inhibitors (ACE inhibitors) and beta-block-
ers were successfully intfroduced for the treatment of heart
failure. ACE inhibitors reduce the risk of death and hospi-
talization in all patients with heart failure who have a re-
duced ejection fraction (HFrEF), regardless of the severity
of symptoms [6].

Heart failure is the final stage of most heart diseases
and is one of the main causes of morbidity and mortality. In
clinical practice, heart failure presents with symptoms such
as shortness of breath, fatigue, and fluid retention, leading
to frequent hospitalizations. As the population ages, the
prevalence of heart failure will continue to rise, further
straining healthcare systems through increased morbidity,
mortality, and healthcare costs [7].

THE ESSENCE OF HEART FAILURE: EPIDEMIOLOGY,
PATHOGENESIS, AND DEVELOPMENT MECHANISMS

The epidemiology of heart failure has been a subject of
interest since 1997, when it was called a new pandemic.
Today, the total number of patients is increasing alongside
the world's population. At present, 64.3 million patients
have been diagnosed with heart failure. In developed
countries, 1-2% of adults suffer from heart failure, and this
figure increases to 11.8% over the age of 65 [8].

By 2021, 6 million people in the United States had
heart failure. It is the most common cause of hospitalization
in people over 40 [9]. 40% of patients will be hospitalized
4 or more times in their lifetimes. The risk of rehospitaliza-
tion is high, and mortality within 30 days is significant. In
Europe [10], 1-2% of the population has heart failure, and
the rate rises to 10-15% for those over 70.

Frequent and prolonged hospitalization imposes a sig-
nificant financial burden on the country and the patient. It
also causes stress for the patient and their family or care-
giver.

With proper, timely freatment, it is possible to prevent
and delay the development of heart failure and reduce
hospitalization frequency.

Heart failure is not a specific pathological diagnosis
but rather a clinical syndrome characterized by certain
symptoms (shortness of breath, easy fatigue, etc.) and signs
(swelling of the lower extremities, wet wheezing in the
lungs, etc.). The pathogenesis of the disease involves struc-
tural and/or functional damage to the heart, leading fo in-
creased intracardiac pressures and/or decreased cardiac
output. Heart failure most often occurs as the final stage
of various cardiovascular nosologies. It is necessary to de-
termine the cause of heart failure because the underlying
disease dictates the appropriate course of treatment [11].

Heart failure is a progressive disease. Any acute dam-
age to the heart's structure - whether caused by genetic
mutation, infiltration of cardiac tissue, ischemia, valvular

disease, myocarditis, or acute myocardial injury - can trig-
ger compensatory mechanisms that, after exhaustion, lead
to maladaptation. In the early stages of heart failure, sev-
eral compensatory mechanisms attempt to maintain cardi-
ac output and meet systemic demands. Chronic activation
of the sympathetic nervous system leads to decreased be-
ta-receptor sensitivity and reduced adrenaline stores. This
leads to alterations in myocyte regeneration, myocardial
hypertrophy, and myocardial hypercontractility [12].

Increased sympathetic stimulation also activates the
renin-angiotensin-aldosterone system (RAAS). This causes
systemic vasoconstriction and sodium retention. RAAS re-
leases angiotensin I, which increases myocardial cell hy-
pertrophy and interstitial fibrosis. These changes promote
myocardial remodeling [13].

The reduction in cardiac output stimulates the neuro-
endocrine system to release epinephrine, norepinephrine,
endothelin-1 (ET-1), and vasopressin. These mediators
cause vasoconstriction, thereby increasing afterload. Cy-
clic adenosine monophosphate (cAMP) increases, which
leads to an increase in cytosolic calcium in myocytes.
This increases myocardial contractility and further im-
pairs myocardial relaxation. The increase in afterload and
myocardial contractility, together with the impairment of
myocardial relaxation, increases myocardial oxygen de-
mand. This paradoxical need for increased cardiac output
to meet myocardial demand ultimately leads to myocardial
cell death and apoptosis. As apoptosis continues, the re-
duction in cardiac output with increased demand leads to
a prolonged cycle of increased neurohumoral stimulation
and maladaptive hemodynamic and myocardial responses

[14].

THE RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM
(RAAS ) AND ITS ROLE IN THE PATHOGENESIS OF
HFrEF

The renin-angiotensin-aldosterone system (RAAS) is an
important mediator of cardiac, vascular, and renal physi-
ology by regulating vascular tone and salt and water ho-
meostasis. In addition to its basic physiological functions,
the RAAS plays an important role in the pathophysiology
of hypertension, heart failure, other cardiovascular dis-
eases, and renal disease [15]. Blockade of renin-angioten-
sin-aldosterone hyperactivation with various medications
improves the outcome of various cardiovascular and renal
diseases [16].

Juxtaglomerular cells in the afferent arterioles of the
kidney contain prorenin. Activation of juxtaglomerular
cells results in the breakdown of prorenin to renin. Activa-
tion of prorenin occurs in the kidney by enzymes such as
proconvertase 1 and cathepsin B. Mature renin is stored in
the granules of juxtaglomerular cells and is released into
the circulation by four main stimuli [17]:

1. Changes in renal perfusion, which are sensed by pres-
sure transduction mechanisms in the afferent arterioles
(reflecting stretch from mechanoreceptors in the arte-
riolar wall);
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2. Sodium and chloride delivery to the distal convoluted
tubule, which is perceived by the macula densa;

3. Increased beta-sympathetic flow, which acts through
beta-1 adrenergic receptors, especially in the upright
position;

4. Negative feedback from humoral factors such as an-
giotensin |, potassium (renin release increases with
hypokalemia and decreases with hyperkalemia), and
ANP (atrial natriuretic peptide) [18].

Accordingly, conditions that reduce renal perfusion
and trigger tubular sodium retention stimulate renin re-
lease. The half-life of renin activity in the circulation is

10-15 minutes [19].

Angiotensinogen

This molecule is primarily synthesized and constitutive-
ly secreted by the liver. Renin cleaves the N-terminus of
angiotensinogen, forming angiotensin |.

Angiotensin |

This peptide lacks known biological activity.

Angiotensin-converting enzyme (ACE)

This enzyme is expressed on the plasma membranes of
vascular endothelial cells, mainly in the pulmonary circula-
tion. It cleaves the C-terminal 2 amino acids of angiotensin
| to form the peptide angiotensin Il.

Angiotensin Il

ACE produces angiotensin Il by cleaving 2 amino ac-
ids from the C-terminus of angiotensin |. Angiotensin Il is
the principal mediator of the physiological effects of the
renin-angiotensin-aldosterone system, including blood
pressure, fluid volume regulation, and aldosterone secre-
tion. The half-life of angiotensin Il in the circulation is very
short, less than 60 seconds. It is cleaved by peptidases to
angiotensin lIl and IV. Angiotensin Il has 100% of the al-
dosterone-stimulating effect of angiotensin Il but only 40%
of the pressor effects.

The physiological effects of angiotensin Il on the regu-
lation of extracellular volume and blood pressure are me-
diated through 5 pathways:

1. Vasoconstriction by contraction of vascular smooth
muscle in arterioles [20];

2. Aldosterone secretion from the adrenal cortex into the
zona glomerulosa, via transcription of CYP11B2 (aldo-
sterone synthase);

3. Increase sodium reabsorption by increasing the activ-
ity of the Na-H antiporter in the proximal convoluted
tubule;

4. Increase sympathetic outflow from the central nervous
system;

5. Release of vasopressin from the hypothalamus [21].
Angiotensin Il is also involved in many pathophysiolog-

ical mechanisms and is known to induce oxidative stress,

vascular smooth muscle contraction, endothelial dysfunc-
tion, fibrosis, and hypertrophic, antiapoptotic, and promi-
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togenic effects. Through these effects, angiotensin Il plays
a fundamental role in the pathogenesis of hypertension,
atherosclerotic disease, heart failure, and renal disease
[22].

The most important role in the pathogenic mechanism
of heart failure with reduced ejection fraction is played
by pathological activation of the renin-angiotensin-aldo-
sterone system, which leads to fluid retention, remodeling
of the heart muscle, activation of the sympathetic nervous
system, etc. Accordingly, it is not surprising that in both Eu-
ropean and American heart failure guidelines [23], RAAS
system inhibitors, in particular angiotensin-converting
enzyme inhibitors (hereinafter ACE) are the foundation
of treatment and first-line drugs, followed by B-blockers,
mineralocorticoid antagonists, and SGLT2 inhibitors.

In 1987, the CONSENSUS-I trial first demonstrated a
clear survival benefit of angiotensin-converting enzyme
inhibitors in severe heart failure [13].

CLASSIFICATION AND TREATMENT PRINCIPLES OF
HEART FAILURE

Heart failure is classified by various parameters; the
most important is the division based on contractile function.
Based on ejection fraction, heart failure is classified as re-
duced (<40%), moderate (41-49%), or preserved (>50%).
The percentage distribution is as follows: 60% HFrEF, 24%
HFmrEF, and 16% HFpEF. In Western and developed coun-
tries, the most common causes of heart failure are coro-
nary artery disease and arterial hypertension. They are
followed by valvular pathologies, arrhythmias, cardiomy-
opathies, and other conditions. In addition to the typical
division, the American Heart Association and Cardiology
Association suggest a division into stages:

Stage A: At risk of heart failure. There are no current
or past symptoms, structural heart disease, or elevated
cardiac biomarkers, but there are risk factors. Risk factors
include hypertension, diabetes, metabolic syndrome, car-
diotoxic medications, or having a genetic variant of car-
diomyopathy.

Stage B: Pre-heart failure. Patients do not have signs or
symptoms of heart failure but have risk factors and struc-
tural heart disease, evidence of increased filling pressures
(invasively or noninvasively assessed), or persistently ele-
vated cardiac markers in the absence of other causes of
elevated markers, such as chronic kidney disease or myo-
carditis.

Stage C: Symptomatic heart failure stage. Patients with
a current or past history of heart failure symptoms.

Stage D: Advanced heart failure. Patients with refrac-
tory symptoms that interfere with daily life or have re-
peated hospitalizations despite targeted guideline-based
medical therapy [24].

Heart failure is classified into different severity catego-
ries based on clinical manifestations and natriuretic pep-
tide levels. For example, one person with a 35% contrac-
tility may not be able to function at home, while another
may be able to perform daily activities without symptoms.
Clinical history, examination, and laboratory analysis de-



Ne14-15, 2026

termine the clinical status and physiological level of left
ventricular failure, allowing comparison with baseline pa-
rameters after treatment and the level of improvement.

The diagnosis of heart failure requires the presence
of specific symptoms, signs, and evidence of cardiac dys-
function.

Heart failure with reduced ejection fraction is diag-
nosed by a combination of symptoms and signs, along with
echocardiographic evidence of reduced ejection fraction.
The natriuretic peptide NT-proBNP is an important tool for
diagnosing the disease and assessing its severity, progno-
sis, and treatment effectiveness.

Medical treatment of heart failure is the cornerstone of
the management of this disease. It must be included before
and after the use of any instrumental method. The goals of
treatment can be divided into three large groups:

1. Reducing mortality

2. Reduction in recurrent hospitalizations due to worsen-
ing heart failure

3. mprovement of clinical status, functional capacity, and
quality of life.

There are various methods for assessing the effective-
ness of drug treatment in HFrEF | including the increase in
ejection fraction and the reduction in the size of the heart
chambers, as well as the determination and normalization
of intracardiac pressures, which are markers of effective
treatment and correlate with both the decrease in NT-pro-
BNP and the improvement in functional status. Determina-
tion of the NT-pro-BNP index is recommended for the di-
agnosis of HFrEF, which is responsible for determining the
severity of the disease, and, on the background of treat-
ment, for assessing the level of functional and prognostic
improvement, as well as the need for treatment intensifi-
cation [11].

The primary markers of treatment effectiveness for the
patient are symptom reduction and improvement in quality
of life, as measured by KCCQ questionnaire scores and
NYHA functional class.

It is important to note that only in the case of heart fail-
ure with reduced ejection fraction does evidence-based
medicine suggest therapeutic treatment that improves
prognosis , morbidity, and mortality. The guideline calls
for treating patients with moderately reduced contractility
as if they had a reduced fraction [25]. Accordingly, the
evidence for treating reduced ejection fraction extends to
the second large group, which accounts for 2/3 of heart
failure cases.

Modulation of the RAAS and sympathetic nervous
systems with angiotensin-converting enzyme inhibitors
(ACE-) or angiotensin receptor neprilysin inhibitor (ARNI),
beta-blockers, and mineralocorticoid receptor antagonists
(MRAs) improves survival, reduces the risk of hospitaliza-
tion for heart failure, and reduces symptoms in patients
with heart failure with HFrEF. These drugs are the mainstay
of pharmacotherapy for patients with HfrEF. The ACE-I/
ARNI, beta-blocker, and MRA triad is recommended as the
main therapy for these patients, and should be titrated to

the doses used in clinical trials (or to the maximum tolerat-
ed dose if this is not possible).

The sodium-glucose co-transporter 2 (SGLT2) inhib-
itors dapagliflozin and empagliflozin, added to ACE-I/
ARNI/beta-blocker/MRA therapy, reduce the risk of car-
diovascular death and worsening of heart failure in pa-
tients with HFrEF.

Dapagliflozin or empagliflozin is recommended for all
patients with HFrEF who are already receiving an ACE-l/
ARNI, a beta-blocker, and an MRA, regardless of diabetes
status [11]. (Figure 1).

ACE inhibitors are recommended as first-line medica-
tions for patients with heart failure with reduced ejection
fraction to reduce the risk of heart failure hospitalization
and death.

In 1995, the European Society of Cardiology pub-
lished guidelines for the diagnosis of heart failure. ACE in-
hibitors have been consistently proven in numerous studies
to reduce mortality. They are the drugs of choice for the
entire spectrum of cardiovascular diseases - heart failure,
myocardial infarction, stroke, arterial hypertension, dia-
betes mellitus, stable angina, etc.

The list of angiotensin-converting enzyme inhibitors in-
cluded in the European Society of Cardiology's heart fail-
ure guidelines has not changed for many years; it is as fol-
lows: captopril, enalapril, lisinopril, ramipril, trandolapril.

Perindopril

A prominent representative of ACE inhibitors is perin-
dopril. Perindopril was developed in 1980 and received its
first patent in 1981, with 4 additional patents since 1988.
It has been used in clinical practice for 35 years. The most
common side effect of ACE inhibitors - dry cough induced
by bradykinin accumulation - is least common with perin-
dopril. The incidence of cough associated with ACE inhibi-
tors is as follows: perindopril - 5.4%, ramipril - 6.89%, and
lisinopril - 8.82%. The overall incidence of dry cough when
using three different ACE inhibitors was 7.0% [26].

Perindopril - a non-sulfhydryl group angiotensin-con-
verting enzyme inhibitor, like enalapril, is a prodrug and
is rapidly metabolized in the liver to the active substance
perindoprilat. It is characterized by potent, long-lasting
ACE inhibition, a 24-hour duration of action [27], and
its effectiveness has been confirmed by numerous large-
scale studies in various cardiovascular diseases, such as:

Management of patients with HFrEF

«  ACE-I/ARNI
e Beta-blocker
«  MRA

*  Dapagliflozin/Empagliflozin
*  Loop diuretic for fluid retention
(Class 1)

Figure 1. Algorithm for medical management of patients with HFrEF
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1. ASCOT11 -Anglo-Scandinavian Cardiac Outcomes
Trial [28]. 19,257 patients were included in the study,
with a mean follow-up of 5.4 years; the aim of the
study was to determine the effectiveness of treatment
with a new combination of a calcium antagonist and an
ACE inhibitor compared with an older combination of
a beta-blocker and a diuretic; the study demonstrated
the proven superiority of perindopril-amlodipine over
the combination of atenolol-hydrochlorothiazide in ar-
terial hypertension.

2. EUROPA12 -The EURopean trial on reduction of
Cardiac Events with Perindopril in Stable Coronary
Artery disease [29]. 12,218 patients were included in
the study; mean follow-up period 3.7 years; Inclusion
criteria and study cohort: myocardial infarction, PCl/
CABG >6 months, angiographically determined steno-
sis 270%, patients with chest pain and a positive stress
test; The aim of the study was to compare the efficacy
of perindopril with placebo in groups of patients with
coronary artery disease; The study found a reduced
mortality compared to placebo in the perindopril group
in stable coronary angina (figure 2).

3. PROGRESS13 Perindopril protection Against Re-
current Stroke Study [30]. 6105 patients from 172
centers worldwide participated in the study. The study
design compared placebo and active treatment (perin-
dopril + indapamide) in patients with stroke or transient
ischemic attack, with the primary endpoint being the
incidence of recurrent stroke in these groups; over a
4-year follow-up period, recurrent neurological events
occurred in 307 (10%) patients in the active treatment
group and 420 (14%) patients in the placebo group
(95% confidence interval 17-38), P < 0.0001]. Active
treatment also reduced the risk of MACE [26% (16-
34)]., non-fatal myocardial infarction [38% (14-55)].,
severe cognitive impairment [19% (4-32)]., stroke-as-
sociated dementia [34% (3-55)]., and disability [18%
(8-28)]. The perindopril-indapamide combination re-
duced blood pressure by 12/5 mmHg and stroke risk
by 43%.
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4. PREAMI28 Perindopril and Re-modelling in Elderly
with Acute Myocardial Infarction study [30].1252
patients participated, observation period 1 year, pa-
tients over 65 years of age with acute myocardial in-
farction participated in the study; primary endpoints
were obtained - reduction in mortality, morbidity, hos-
pitalization in the post-myocardial infarction period in
the perindopril group, compared with placebo.

5. ADVANCE6 Action in Diabetes and Vascular Dis-
ease: Preterax and Diamicron MR Controlled Eval-
vation Trial [31]. 11,140 patients participated; prima-
ry endpoints were reduced mortality, morbidity, type |l
diabetes mellitus, and arterial hypertension.
According to Georgian statistics for 2021-2022

(pharmacy.moh.gov.ge), perindopril is the undisputed

leader among imported ACE inhibitors, with 15% more

perindopril and its combinations imported in 2021 than
enalapril and its combinations (which ranked second in
terms of quantity imported), and 31% more in 2022. This
indicates the high frequency of use of perindopril in the
country compared to other ACE inhibitors. In addition,
perindopril is included on the state list of free medicines,
further increasing its availability and prescribing [32] (Pic-

ture 3).

Based on all of the above, the role of perindopril in the
management of cardiovascular diseases is clear, and it is
worth noting its particular popularity in Georgia, driven by
its effectiveness, price, and availability.

However, one issue remains open in the evidence for
perindopril. To date, no study has specifically investigat-
ed its efficacy in patients with heart failure and reduced
ejection fraction, and this is a very large cohort. As not-
ed above, heart failure with reduced ejection fraction is
a syndromic disease and is a complication of other car-
diovascular diseases. The efficacy of perindopril in this
cardiovascular disease suggests that, in appropriate study
settings, the drug should reduce the primary endpoints—
mortality, morbidity, and hospitalization—in patients with
HFrEF.
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Figure 2. EUROPA: primary endpoint (cardiovascular death, M|, or cardiac arrest).
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Figure 3. Imported medicines 2020-2022 years

DISCUSSION

Chronic heart failure has not lost its relevance for
years; moreover, it is increasingly becoming a subject
of research, it is a growing nosology, the second most
common among cardiovascular diseases, and the first in
terms of hospitalization. Properly selected drug treatment
for patients is the cornerstone of managing this nosol-
ogy. Studies show that in the event of discontinuation of
drugs for 6 months, most patients developed a relapse,
decreased contractile function, and required inpatient
treatment [33]. That is why the 2021 European and 2022

American guidelines for heart failure urge us to continue
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Heart failure is a complex and progressive syndrome. It is marked by the heart's inability to pump enough blood to meet
the body's metabolic needs. Ischemia, a condition where blood and oxygen supply are restricted, is a major factor in the
development and worsening of heart failure. Over 64 million people worldwide live with congestive heart failure. Ischemic
heart disease is a factor in 41.5% of men and 22.1% of women with this condition. Chronic or repeated myocardial isch-
emia leads to cell death, scar tissue, and weaker heart muscle function. These changes can start heart failure. The chance
of heart failure after a heart attack ranges from 14% to 36%. Ischemia in patients with existing heart failure can worsen
symptoms, raise hospital admission rates, and lower prognosis. Knowing how ischemia contributes to heart failure is crucial
for better diagnosis, more targeted treatments, and improved patient health.

Key words: Heart Failure; Coronary artery disease; Ischemia; Myocardial Infarction; Antianginal Drugs; Myocardial

Hypertension.

INTRODUCTION

Heart failure is a clinical syndrome that develops when
the heart fails to supply the body with a sufficient amount
of blood to meet its metabolic demands. This change may
be accompanied by structural and/or functional pathol-
ogy manifested by a reduced cardiac output and/or in-
creased intracardiac pressure. Heart failure is character-
ized by multiple symptoms that reduce a person's quality
of life and decrease life expectancy: shortness of breath,
lower leg edema, dyspneaq, fatigue, pulmonary edema, as-
cites, hepatojugular reflux, etc [1, 2].

Based on modern data, more than 64 million people
worldwide have heart failure [3, 4]. Echocardiographic
screening has revealed that the prevalence of any heart
failure in developed countries is 11.8% [5].

Heart failure can be divided into three classes based
on left ventricular ejection fraction (LVEF), which measures
the percentage of blood pumped from the left ventricle
with each heartbeat. These are: heart failure with reduced
ejection fraction (LVEF less than 40%), heart failure with
moderately reduced ejection fraction (LVEF 40-49%), and
heart failure with preserved ejection fraction (LVEF 50%
or greater) [6].

Patients with heart failure can be assigned different
classes and/or stages of heart failure. The New York
Heart Association (NYHA) defines four classes of heart
failure:

Class I: No physical limitation; ordinary physical activ-
ity does not cause symptoms of heart failure;

Class Il: No symptoms at rest, but ordinary physical ac-
tivities cause symptoms of heart failure;

Class lll: No symptoms at rest, but less than ordinary
physical activity causes symptoms of heart failure;

Class IV: Symptoms of heart failure at rest [7].

The prognosis worsens over time. In a study of 900,000
heart failure patients, survival rates were 81.3% at 1 year,
51.5% at 5 years, and 29.5% at 10 years [8]. This sharp
decline highlights the need for timely and adequate treat-
ment.

One of the main factors linked to heart failure and its
worsening over time is ischemia. Ischemia means the heart
muscle does not get enough blood or oxygen. The biggest
cause is coronary artery disease (CAD).

Congestive heart failure is a common problem caused
by ischemic heart disease. After high blood pressure, isch-
emic heart disease is the next biggest cause of congestive
heart failure. Ischemic heart disease appears in 41.5% of
men and 22.1% of women with congestive heart failure [9].

In ischemic heart disease, there is often a problem with
the heart's ability to pump blood (pump function). This can
be caused by several diseases or disorders, including:
heart attack (myocardial infarction), brief episodes of re-
duced blood supply (acute transient ischemia), right ven-
tricular dysfunction (problems with the right lower heart
chamber), cardiogenic shock (severely reduced heart
pumping leading to low blood pressure), sudden severe
leakage of the mitral valve (acute mitral regurgitation),
hole in the wall between the lower chambers (ventricular
septal perforation), rupture of the heart wall (ventricular
wall rupture), weakened heart muscle due to ongoing poor
blood supply (ischemic cardiomyopathy), bulging of the
heart wall (ventricular aneurysm), and complications from
medical interventions (iatrogenic interventions) [10].

Myocardial ischemia decreases intracellular concen-
trations of high-energy phosphates and reduces calcium
volume in the sarcoplasmic reticulum. This results in slowed
and incomplete relaxation, reduced strength, and, there-
fore, the ischemic area stretches less. The left ventricular
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filling pressure increases [ 11]. The ischemic region stretches
less, and the non-ischemic region stretches more. Accord-
ing to the Frank-Starling law, the regional contractility of
the latter is greater. In other words, the non-ischemic area
tries to compensate for and "maintain” stroke volume [12].

When blood supply to the heart is reduced (ischemial),
heart failure can begin to develop within a few hours (see
Figure 1).

MYOCARDIAL HIBERNATION

Research now shows that when the heart muscle ex-
periences deep ischemia, it can enter a state of hiberna-
tion. In the right conditions, the muscle can then recover
its function. This discovery is a major advance in under-
standing ischemic heart disease, but, despite this progress,
many questions about myocardial hibernation remain
[13,14,15]. We still do not fully understand the biological
processes involved, nor do we have a complete picture
of the biochemical and ultrastructural changes that occur.
The full extent and duration of functional recovery after
restoring blood flow to the hibernating heart muscle are
also only partially understood.

We have learned more about how the heart works
during both "silent" and painful ischemia. Pain happens late
in ischemia. The first signs are problems with the heart re-
laxing, followed by trouble with pumping. Only after these
changes do pain and ECG changes appear.

This sequence is supported by clinical studies using ex-
ercise testing to induce ischemia. The early indicators are
often shortness of breath (dyspnea) and a distinct atrial
gallop, followed by hypotension and ST-segment depres-
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sion. In some cases, pulmonary edema and ventricular ar-
rhythmias may occur before any pain is felt. The presence
of a strong collateral network—a system of alternative
blood vessels—can sometimes contain the ischemia, pre-
venting ST-segment depression and myocardial dysfunc-
tion altogether.

Hibernation is a protective mechanism the heart uses in
response to long-term and severe ischemia (lack of blood
supply). The purpose of hibernation is to help preserve the
heart muscle during reduced coronary perfusion (blood
flow through the heart's arteries). This is different from the
body's quick adjustment responses. During ischemia, the
heart changes its movement to use less energy, allowing
it to maintain basic metabolic functions. It is very difficult
to measure the levels of energy-storage molecules (phos-
phocreatine and adenosine triphosphate) in the hearts of
living patients. One promising method is nuclear magnetic
resonance imaging. Glucose (sugar) handling by the heart
muscle can be studied with positron emission tomography
(PET). In the hibernating heart muscle, glucose metabolism
continues, and there are still energy reserves of adenosine
triphosphate.

The discovery of myocardial hibernation, a tissue with
the potential to recover function, is a significant issue and
is essential for determining the indications for aortocoro-
nary bypass surgery.

The period from reperfusion to functional recovery
depends on the content of inorganic phosphorus in car-
diomyocytes. The recovery of function in an exhausted
segment is a long process [16]. Clinical observations show
that this dysfunction is dynamic. Non-fibrotic myocardial
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segments with normal histology but irreversible changes in
the energy supply system may be in a state of permanent
hibernation. This explains the discrepancy between the
prevalence of the Q-wave and the zone of dysfunction.
For example, it is known that the zone of dysfunction can
be much more extensive than its corresponding Q-wave
spread on the ECG. This has been demonstrated by posi-
tron emission tomography [17]. This same mechanism can
explain the similar response of hibernating segments to the
nitroglycerin test and revascularization processes [18].
The diagnosis of irreversible hibernation must be made
with great caution, as functional recovery is possible long
after reperfusion. The possibility of phased recovery has
also been shown in animal experiments [13]. At the same
time, it should be noted that the recovery of segments con-
taining adenosine triphosphate is possible much sooner,
which has been demonstrated by the results of transesoph-
ageal echocardiography performed during intraoperative
examinations [19].

After blood flow is restored, the myocardium either
recovers very quickly or remains stunned for a certain pe-
riod, sometimes for a year or more. For reasons currently
unknown, the myocardium lacks the ability to access the
necessary substrate "within itself" to overcome total in-
activation. The cause of this may be defects in enzymatic
mechanisms or ultrastructural changes in the myocardium.
The stages of development of dysfunctional myocardium

are: [20, 21].

1) Myocardial Stunning

a) Myocardial stunning is a temporary dysfunction of
the heart muscle that develops after a period of ischemia
(reduced blood flow) but disappears once blood flow is
restored.

b) This is similar to a skeletal muscle temporarily losing
strength due to lack of oxygen and nutrients, but regaining
strength when conditions improve.

c) Stunning is usually reversible within a few days, but
repeated episodes can lead to hibernation.

2) Myocardial Hibernation

a) Myocardial hibernation is a condition in which the
heart muscle is chronically underperfused, and its function
at rest is persistently reduced.

b) This reduced function is a way for the heart muscle
to adapt to the reduced blood supply and a survival at-
tempt.

c) Myocardial hibernation can be reversed by revas-
cularization (restoring blood flow).

d) If left unchanged, hibernating myocardium may turn
info scar tissue.

3) Scar Formation (as a result of infarction)

a) Infarction is the irreversible death of heart muscle
cells due to prolonged ischemia.

b) The damaged tissue is replaced by non-contractile
scar fissue.

c) This is a permanent form of myocardial dysfunction.

d) Infarction can lead to heart failure if a sufficiently
large area of the heart is damaged.

Myocardial hibernation can also occur in the presence
of normal coronary arteries, due to toxic, inflammatory,
or infilirative processes, or as a result of long-term vol-
ume or pressure overload. This mechanism underlies sec-
ondary cardiomyopathies. The process of reducing the
ejection fraction may later progress rapidly in cases of
increasing aortic stenosis or insufficiency. Sometimes, an
improvement in systolic function is noted long after surgi-
cal correction of the valvular apparatus. It is also possible
to assume that hibernation occurs to limit myocardial ox-
ygen consumption and restore the balance between ox-
ygen supply and demand. Hibernation can also develop
in hypertrophied myocardium when there is an imbalance
between oxygen supply and consumption [22].

The issue of hibernation is a topic currently under dis-
cussion, with insufficient information available.

HEART FAILURE AND MYOCARDIAL INFARCTION

The probability of heart failure occurring after myo-
cardial infarction ranges from 14% to 36% [23]., and it
significantly impacts patient survival. Myocardial isch-
emia, infarct size, left ventricular remodeling, and myocar-
dial hibernation all play a crucial role in the development
of left ventricular systolic dysfunction and reduced ejec-
tion fraction [23].

A study involving 4825 patients showed that in-hospi-
tal mortality was 1.87 times higher in patients with newly
developed myocardial infarction who also had symptoms
of heart failure [25].

The Global Registry of Acute Coronary Events (GRACE)
collected data on patients with acute coronary syndromes
(ACS) from 1999 to 2009. The registry's main goal was to
provide a comprehensive, real-world understanding of the
management and outcomes for the full spectrum of ACS,
including unstable angina, non-ST-segment elevation myo-
cardial infarction (NSTEMI), and ST-segment elevation
myocardial infarction (STEMI). A study involving 13707
hospitalized patients in the registry with symptoms of heart
failure found that they had a 2.2 times higher mortality
rate compared to patients without these symptoms [26].
Based on this registry, the Killip classification system was
developed to assess the risk of mortality from heart failure
(see Table 1).

The FAST-MI registry showed similar results: in patients
hospitalized for myocardial infarction, the presence of
heart failure symptoms increased the risk of in-hospital
mortality from 3% to 12.2%, and this risk increased from
5.2% to 26.6% over one year. It is also worth noting that
37.5% of hospitalized patients in this registry had symp-
toms of heart failure [27].

During hospitalization for myocardial infarction, symp-
toms of heart failure can be triggered by fluid and/or
contrast overload, existing kidney damage, cardiac tam-
ponade, or taking a prolonged horizontal position in the
catheterization laboratory. The primary cause of heart
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Table 1. Killip System Classes and Their Associated Risk of In-Hospital Mortality

Elicl:is;: Q—— |n-hosﬂ:z|(:2;>rfalify
1 No symptoms of heart failure are observed 6
2 Auscultation revealed S3 heart sound and wheezing 17
3 Pulmonary edema 38
4 Cardiogenic shock 81

failure symptoms resulting from these factors is the death
of cardiomyocytes and the development of scar tissue.

The acute decrease in heart contractility following an
infarction can be caused by oxidative stress that develops
in the presence of a blocked or narrowed coronary artery.
In such conditions, restoring blood flow can improve heart
contractility. However, if reperfusion is delayed by more
than three hours, restoring blood flow can cause second-
ary damage due to the release of reactive oxygen species
(ROS) [28].

The events that follow a myocardial infarction can be
divided into two broad classes:

* Rapidly developing events that play a beneficial /com-
pensatory role and

* later-developing events, where compensatory mecha-
nisms play an active role in the development of heart
failure symptoms.

The rapidly evolving events following an infarction aim
to restore cardiac output and blood pressure and involve
three compensatory mechanisms: the Frank-Starling mech-
anism, hyperactivation of the neurohumoral system, and
activation of the renin-angiotensin-aldosterone system.

The Frank-Starling mechanism helps restore reduced
cardiac output after an acute infarction. It is known that
heart contractility changes with tissue stretch: when the
tissue stretches, contractility increases; when it stretches
too little or too much, contractility decreases. When the
heart's pump function is disrupted and the ejection fraction
is reduced due to a myocardial infarction, cardiac output
also decreases, and left ventricular end-diastolic volume
increases. Thanks to this change, the high end-diastolic
volume activates the Frank-Starling mechanism, leading to
an increase in the force of the subsequent contraction to
restore cardiac output [29].

Hyperactivation of the neurohumoral system occurs
due to baroreceptor stimulation from reduced systolic
pressure. It includes the Bowditch effect, peripheral va-
soconstriction, and blood redistribution. The Bowditch
effect, also known as the Treppe phenomenon, is an in-
crease in cytosolic calcium ion concentration associated
with increased heart rate. This increase in calcium leads to
increased contraction. In other words, each new contrac-
tion after a previous one is stronger, and as a result, this
increased contractility is reflected as an increased cardiac
output [30, 31]. The narrowing of peripheral blood vessels
(both arteries and veins) leads to an increase in peripheral
resistance, which increases blood pressure. This vasocon-
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striction also centralizes blood flow, increasing blood sup-
ply to vital organs [32, 33].

Activation of the renin-angiotensin-aldosterone system
occurs somewhat later than the two mechanisms men-
tioned above because it involves protein synthesis. Upon
activation of this system, the body's retention of sodium
increases, leading to an antidiuretic effect [34].

The rapidly evolving events that follow a myocardial
infarction help stabilize the body hemodynamically. How-
ever, these mechanisms are not designed for long-term
effects, and their hyperactivation can lead to more det-
rimental later-emerging events. The prolongation of these
mechanisms over time gradually leads to the development
of heart failure and is directed toward the complete col-
lapse of the cardiovascular system [35]. These mechanisms
include: hyperactivation of the neurohumoral system, hy-
peractivation of the renin-angiotensin-aldosterone system,
the formation of fibrous tissue, oxidative stress, heart re-
modeling, and heart hypertrophy [36, 37, 38].

Long-term hyperactivation of the neurohumoral sys-
tem leads to progressive desensitization of beta-adren-
ergic receptors and a decrease in their concentration in
the heart. The synthesis of specific proteins responsible
for excitation-contraction coupling and intracellular calci-
um regulation is also inhibited. As a result, the contractile
force of the tissue and cardiac output are reduced [39].

The angiotensin Il released due to hyperactivation of
the renin-angiotensin-aldosterone system activates AT]1
receptors, causes cardiac hypertrophy, and promotes the
synthesis of fibrosis-promoting substances (cytokines, col-
lagen) [40, 41].

Collectively, long-term hyperactivation of these sys-
tems can lead to water retention in the body, increased left
ventricular end-diastolic pressure, increased left ventricu-
lar wall stress, increased left ventricular filling pressure,
the formation of fibrous tissue, cardiac hypertrophy, and
reduced cardiac output, all of which are factors contribut-
ing to the development of heart failure.

IMPACT OF ANTIANGINAL DRUGS ON LEFT VENTRICU-
LAR SYSTOLIC FUNCTION

Antianginal drugs can be divided into three main

groups:

1. Medications that reduce myocardial oxygen consump-
tion by altering myocardial function (beta-blockers).

2. Medications that reduce myocardial oxygen consump-
tion by regulating preload and afterload (nitrates).
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3. Medications that improve myocardial blood supply by
blocking the development of spasms and reducing myo-
cardial oxygen consumption through changes in periph-
eral circulation (Ca2+ antagonists).

Beta-adrenergic receptor blockers reduce myocardial
oxygen consumption by decreasing myocardial contrac-
tility, heart rate, and systolic pressure and by prolonging
diastole. We know that in cases of acute coronary occlu-
sion, propranolol reduces intraventricular pressure in both
ischemic and non-ischemic areas. Intraventricular pressure
decreases more sharply in normal areas than in ischemic
areas [42]. It is also worth noting that the use of beta-ad-
renergic receptor blockers improves the contractility of
ischemic myocardial areas during acute total coronary
occlusion (see Table 2) [43].

A study involving 28039 patients with angiograph-
ically confirmed stable coronary artery disease, without
heart failure or recent myocardial infarction, showed that
beta-blockers were associated with a small but significant
reduction in cardiovascular events after 5 years [44].

Research indicates that propranolol improves blood
flow to the ischemic zone. The cardiodepressive effects
of combined use of beta-blockers with glycosides and
beta-blockers with nitroglycerin have been shown in pa-
tients with coronary occlusion [45]. It is also known that the
cardiodepressive effect of beta-blockers is mediated by
inhibiting endogenous sympathetic substances [46].

One study examined the results of intravenous admin-
istration of 5 mg of propranolol during cardiac catheter-
ization in 10 patients. Four of them had angiographically
confirmed coronary artery disease, while six did not have
this pathology. Propranolol reduced the heart rate and
cardiac index in all of them. In patients whose heart rate
was under atrial stimulation control, the effect on end-dia-
stolic pressure was variable. Two of the four patients with
coronary disease and one patient with normal coronary
arteries had an increase in end-diastolic pressure. End-di-
astolic pressure primarily increased, while the ejection
fraction and the percentage of circumferential fiber short-
ening primarily decreased [47].

General Parameter

Heart rate

Specific Parameter

Studies also show that the ratio of the anginal period to
the ejection period increased in patients with myocardial in-
farction under propranolol, from 0.377+0.1 t0 0.409+0.03
(P<0.001) [48]. This effect is not exclusive to propranolol
but is a general result of using beta-blockers [49].

The effect of beta-blockers on left ventricular hemody-
namics is more pronounced during their acute use.

Radionuclide angiocardiography has shown that using
increasing doses of propranolol (165 + 13 mg) does not
lead to a sharp change in the regional contractility of the
left ventricular wall and ejection fraction [50]. It is also
known that the ejection fraction and regional wall con-
tractility do not change significantly after discontinuing
propranolol before aortocoronary bypass surgery, at the
peak of the drug action, and when it is used at an average
dose 51].

The effect of labetalol on cardiovascular hemodynam-
ics at rest and during physical exertion has also been stud-
ied in patients receiving long-term beta-blocker therapy.
During the acute trial, there was a decrease in mean arte-
rial pressure, heart rate, and cardiac index. The changes
were even more pronounced during physical exertion. Af-
ter 20 months of labetalol use, peripheral resistance was
further reduced, while cardiac output improved (due to a
relative increase in heart rate and an increase in stroke
volume) [52].

Regarding nitrates, studies have shown that nitroglyc-
erin does not alter or reduce stroke volume or cardiac
output in patients with ischemic heart disease or healthy
individuals (see Table 3) [53, 54, 55, 56].

The improvement in hemodynamics (stroke volume and
cardiac output) with nitroglycerin is mainly dependent on
the presence of left ventricular asynergy [56]. Hemody-
namic improvement has been shown due to the disappear-
ance of asynergic areas. The effect of nitroglycerin, like
all other nitrates, is highly dependent on preload and af-
terload.

The effect of nitroglycerin on the global function of
the left ventricle is variable. During oral administration,
the hemodynamic effects of nitroglycerin are as follows:

Table 2. Effects of taking beta-blockers

Effect

Decreases

Left ventricular systolic pressure

Decreases

Hemodynamic indicators

Left ventricular end-diastolic pressure

Increases or does not change

Stroke volume

Decreases

Cardiac index

Decreases

Heart dimensions

Increases or does not change

Global functions of the left ventricle End-diastolic volume Decreases
Ejection fraction Decreases
Non-ischemic zone Decreases

Regional functions of the left ventricle Ischemic zone

Decreases or increases or does not change

Left ventricular asynergy

Increases or does not change
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Table 3. Effects of taking nitrates. The effect depends on the presence of congestive heart failure, left ventricular

General Parameter

end-diastolic pressure, and reversed zones of asymptomatic

Effect

Hemodynamic indicators

Specific Parameter

Heart rate Increases or does not change
Left ventricular systolic pressure Decreases
Left ventricular end-diastolic pressure Decreases

Stroke volume

Decreases or increases or does not change

Cardiac index

Decreases or increases or does not change

Heart dimensions

Decreases

Global functions of the left ventricle End-diastolic volume

Decreases or increases or does not change

Ejection fraction

Decreases

Non-ischemic zone

Decreases or increases or does not change

Regional functions of the left ventricle Ischemic zone

Decreases

Left ventricular asynergy

Increases or does not change

within the first 2 minutes, it decreases total peripheral re-
sistance and cardiac output due to significant changes in
left ventricular filling pressure and systemic arterial pres-
sure. Then the heart rate increases. A decrease in filling
pressure characterizes the second phase and, later, after
5 minutes, a decrease in arterial pressure. The heart rate
reaches its peak, cardiac output decreases, and systemic
arterial pressure returns to control values [54, 571.

The effects of nitroglycerin and other nitrates on region-
al left ventricular function are of interest for the treatment
of coronary disease [58, 59]. In patients with angiograph-
ically confirmed coronary artery disease, zones of local
contractility disorders and asynergic areas were found in
60-75% of cases in the left ventricle [60]. Nitroglycerin
causes an improvement in myocardial contractility and the
disappearance of asynergic zones. This is explained by
the fact that nitroglycerin reduces preload, thereby elim-
inating the imbalance between myocardial oxygen con-
sumption and supply. This is used as a test during ventricu-
lography [61]. The nitroglycerin test can be used to predict
the potential improvement of contractility in dyskinetic and
akinetic areas after aortocoronary bypass surgery [62].
The effect of nitroglycerin on the asynergic regions of the
ventricle that developed during a physical exercise test in
patients with ischemic heart disease is also known—under
the control of radionuclide angiography, it is known that
nitroglycerin eliminates these areas and improves contrac-

General Parameter

Specific Parameter

tility [63]. Similar results have been obtained with patients
who took prolonged nitrates, e.g., isosorbide dinitrate and
pentaerythritol tetranitrate [64].

Based on studies, we know that Ca2+ antagonists re-
duce the zone of myocardial necrosis and improve systol-
ic function after experimental coronary artery occlusion
[65]. This fact is realized by reducing afterload, reducing
myocardial oxygen consumption, improving coronary
blood circulation due to the expansion of the coronary
arteries, and also by reducing myocardial damage during
ischemia by reducing the increased concentration of intra-
cellular Ca2+ [66].

Ca2+ antagonists are the drugs of choice for coronary
spasms, for example, Prinzmetal angina. These drugs are
also prescribed for atherosclerotic narrowing of the coro-
nary arteries to prevent coronary spasm and for their an-
tiatherogenic action (see Table 4; Table 5; Table 6) [671].

In vitro, nifedipine has a negative inotropic effect.
However, it has been shown to increase contractility
during ischemia. During partial coronary occlusion, intra-
venous or intracoronary administration of nifedipine im-
proves segmental subendocardial contractility in the isch-
emic zone. The mechanism behind this lies in the reduction
of afterload through vasodilation and/or increased coro-
nary blood flow, as well as reduced ischemia.

It is known that Ca2+ accumulates in mitochondria.
Nifedipine improves myocardial contractility in the isch-

Table 4. Effects of taking nifedipine

Effect

Hemodynamic indicators

Heart rate Increases or does not change
Left ventricular systolic pressure Decreases
Left ventricular end-diastolic pressure Decreases

Stroke volume

Decreases or increases or does not change

Cardiac index

Decreases or increases or does not change

Global functions of the left ventricle Ejection fraction

Decreases

Non-ischemic zone

Decreases or increases or does not change

Regional functions of the left ventricle
Ischemic zone

Decreases
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General Parameter

Hemodynamic indicators

Specific Parameter

Heart rate

Table 5. Effects of taking verapamil
Effect

Does not change

Left ventricular systolic pressure

Decreases

Left ventricular end-diastolic pressure

Decreases or does not change

Stroke volume

Increases

Cardiac index

Increases

Global functions of the left ventricle

Ejection fraction

Decreases or does not change

Non-ischemic zone Decreases
Regional functions of the left ventricle
Ischemic zone Not studied
Table 5. Effects of taking Diltiazem
General Parameter Specific Parameter Effect
Heart rate Decreases
Left ventricular systolic pressure Decreases

Hemodynamic indicators

Left ventricular end-diastolic pressure

Decreases or does not change

Stroke volume

Increases

Cardiac index

Decreases or increases

Global functions of the left ventricle Ejection fraction Not studied
Non-ischemic zone Not studied
Regional functions of the left ventricle
Ischemic zone Increases

emic zone due to Ca2+ blockade in the mitochondria. This
effect is dose-dependent. The effect of nifedipine on nor-
mal, non-ischemic myocardium is different.

It is also known that Diltiazem increases stroke volume
and cardiac output and decreases total peripheral re-
sistance and systemic arterial pressure [68]. These facts
are dependent on the dose of the drug. Compared to ve-
rapamil and nifedipine, Diltiazem has a more pronounced
vasodilatory effect and a less pronounced negative ino-

tropic effect [69].
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Avtandil Jorbenadze was born on 31 October 1950
in Lanchkhuti. In 1974, he graduated from the Faculty of
General Medicine of the Thilisi State Medical Institute, after
which he worked as a practicing physician at Thilisi Polyclin-
ic No. 29, in a military unit, and at the First Clinical Hospital
of Thilisi. From 1982 to 1986, he served as Deputy Chief
Physician for Clinical Affairs at the First Clinical Hospital of
Thilisi. Between 1986 and 1991, he was First Deputy Head
of the Health Protection Department of the Executive Com-
mittee of the Thilisi City Council of People’s Deputies, and
from 1991 to 1992, he headed that same department. In
1992-1993, he served as Deputy Minister of Health of the
Republic of Georgia and, during that same period — the
time of the Abkhazian conflict — led the military medical
service of the front. From 1993 to 2001, he served first as
Minister of Health and subsequently as Minister of Labor,
Health, and Social Affairs of Georgia. In 2001-2003, he
served as Georgia's State Minister. From 2011 until his
death, he served as Chairman of the Supervisory Board of
the Acad. G. Chapidze Emergency Cardiology Center.

Mr. Avtandil dedicated his life to helping others. He is
fully committed to his work. He deeply respected his senior
colleagues and supported younger ones. In hard times, he
stood by others. In good times, he shared warmth and humor.

Mr. Avtandil had strong organizational skills, which
were vital during the Abkhazian conflict. He organized the
military medical service that saved many wounded soldiers.
Always seeking solutions, he organized a major 1992 con-
ference on military field surgery in Sukhumi. There, Geor-
gian and Abkhazian surgeons discussed wound infections
and antibiotic shortages. Bacteriophage preparations, de-
veloped by Academician Tamaz Kereselidze and Professor
Guram Gvasalia, addressed this challenge.

Mr. Avtandil introduced ,medical diplomacy” to deliv-
er medical care to all ethnic groups in Abkhazia and South
Ossetia after the conflict.

Mr. Avtandil helped save and rebuild Georgia’s
healthcare system. Through his reforms and necessary but
difficult decisions, he earned wide recognition. He shaped
healthcare legislation, introduced new financing methods,
established public health services, and reformed medical
education, science funding, pharmaceutical policy, and
medical information services.
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IN MEMORIAM

AVTANDIL
JORBENADZE

Time passes quickly. Over a year has passed since the
Georgian medical community lost Mr. Avtandil Jorbenadze,
a respected physician and public figure.

Despite the country’s severe economic problems, Mr.
Avtandil helped introduce high-tech medical methods in
Georgia. He focused on cardiac surgery. On 16 Septem-
ber 1996, Georgia opened a Pediatric Cardiac Surgery
Center at the Second Children’s Hospital, with local sup-
port and equipment and training from Global Healing. The
center was named after Jo Ann McGowan.

From 1997, cardiac surgery departments were estab-
lished at two institutions of the Georgian Ministry of Health:
the Emergency Cardiology Center (Director: Academician
Gulnara Chapidze) and the Acad. Konstantin Eristavi Insti-
tute of Experimental and Clinical Surgery (Director: Pro-
fessor Baadur Mosidze). Both benefited from international
partners’ assistance. These included the ,Herz-Zentrum Bad
Krozingen” in Germany (Director: Prof. Dr. Helmut Roskamm),
the Hépital de la Tour in Geneva, Switzerland (Head of the
Department of Cardiac Surgery: Prof. Vladimir Velebit, MD),
and the Cardiac Surgery Clinic of the Silesian Academy of
Medicine in Poland (Director: Prof. Zbigniew Religa).

Operating cardiac surgery centers required major
funding, which was difficult to obtain. Mr. Avtandil con-
vinced the government and parliament to fund the State
Program for Pediatric Cardiac Surgery in 1997.1n 1998,
funding expanded to cover surgical treatment of isch-
aemic heart disease and organ transplantation. By 1998,
Georgia began kidney transplantation.

Mr. Avtandil’s tireless work and strong energy led to
his success. He used analytical skills and provided guid-
ance to inform decisions. He built effective relationships
with politicians and international leaders, which brought
important assistance to Georgia’s healthcare system.

Mr. Avtandil strongly supported the spread of med-
ical science and technology in Georgia. As Minister, he
developed fields like endoscopic surgery, interventional
medicine, endovascular surgery, joint replacement, and
lithotripsy. He believed Georgians deserved high-quality
care and worked hard to provide it.

The memory of Avtandil Jorbenadze—physician,
statesman, and public servant—remains with everyone
who knew and worked with him.

Gr. Mukhadze Georgian Association of Surgeons
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MACbMO - COBOJIE3SHOBAHME

BeIpaxato cBou camble riIyGOKHE COOOE3HOBAHNS 110 TOBOJY CMEPTHU JIEreHJapHO JIMYHOCTU — akajiemuka [laBbiioBa Muxaun MBanbua! Ero
CMEPTh — HEBOCIOJIHMMAsi yTPaTa He TOJLKO JJIsi MHOIOUMCIIEHHBIX KOJUIET, ALMEHTOB, OIU3KUX, /sl BCE CUCTEMBI 3[paBOOXPAHEHMs, HO U IS
BCEX Hac. OTO Oblla JEACTBUTENLHO HEOOLIKHOBEHHAS JIMYHOCTL B MCTOPMM XUPYpruu. biecTsimmii Xupypr, A8 KOTOPOro He CYIECTBOBAJIO IPAaHML]
1 OrpaHUYEHUil B XMPYPriy, TAJaHTIMBbIA yUeHbI, MPEKPACHBII Nefjaror 1 HECTAHAAPTHbIA PyKOBOJAUTEL. Sl MHOrMM eMy 00s13aH M CYACTJIMB, 4TO 5
JIeT floBeniock paboraThk noj ero HauanoM B BOHLL AMH CCCP Bo Bpemsi fokTopaHTypbl. OH ObLI HE TOJIEKO MOMM Hay4HBIM PYKOBOJMTEJIEM, HO 1
PYKOBOAUTENEM O XKU3HU, 110 Ipy>K0e, no npoceccun. Hukoraa He 3a6y/y ero oreueckyo 3a60Ty 060 MHE M €ro BbICTYIIJIEHHE Ha COBETE NPU 3allUTe
MOe€ii IOKTOPCKO#i AuccepTanyi. MHOIO Yero Mory BCIOMHUTb...

3ano3panoe cnacu6o 3a Bee joporoit Muxann Msanbra! ITycTs 3emins 6yner Tede myxom!

Tsoit Mepab (camblil IFOOUMBIii JOKTOPAHT, KaK Thl HA3bIBAJl MEHSI).

C ysascenuem,

Ipogheccop Mepa6 Kunaaosze (Touaucu, I'pysus)

3as.kagpeopoit kaunuuecxoii xupypeuu TT'Y um M Incasaxuwsuau
Pykosooumean [ enapmamenma Xupypauu "Amepuxanckuti I'ocnumane Touaucu"

LETTER OF CONDOLENCE

| wish to express my deepest condolences on the passing of a truly legendary figure — Academician Mikhail Ivanovich Davydov. His loss is immea-
surable — not only for his countless colleagues, patients, and loved ones, or for the medical community as a whole, but for all of us who had the privilege
of knowing him. He was a genuinely extraordinary presence in the history of surgery: a brilliant surgeon who recognized no boundaries in his craft, a
gifted scientist, an inspiring teacher, and a remarkably unconventional leader.

| owe him more than words can express, and | consider myself fortunate to have spent five years working under his mentorship at the Cancer Re-
search Center of the USSR Academy of Medical Sciences during my doctoral studies. He was far more than a scientific supervisor — he was a guide in
life, a true friend, and a model of what it means to be a professional. | will never forget his fatherly care for me, nor his words at the academic council
during the defense of my doctoral dissertation. There is so much more | could say...

A belated, but heartfelt thank you for everything, dear Mikhail Ivanovich. May you rest in peace.

Yours always, Merab — your most beloved doctoral student, as you used to call me.

With deepest respect,
Professor Merab Kiladze (Tbilisi, Georgia)
Head of Department of Clinical Surgery, Ivane Javakhishvili Thilisi State University

o

Head of Department of Surgery, "American Hospital Thilisi
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THE RULES OF SUBMITTING AN ARTICLE TO THE JOURNAL “GURAM TATISHVILI BULLETIN OF GEORGIA SURGERY":

1. An article shall be submitted in printed form, two copies, in the Georgian (English or Russian) language together with an
e-version of an article on electronic media (CD, DVD, flash memory).

2. Printed version shall be on one page of a standard sheet of paper (A4), by maintaining 2,5 cm left field width, 2-2 cm
upper and bottom fields and 1,5 cm right field width. Space between lines 1,5.

3. An article shall be typed in MS Word by Sylfaen Unicode font, both Georgian main text and Georgian and English
reviews. Font size shall be 11.

4. Submitted material volume shall not be less than 7 pages and more than 20 pages including tables, diagrams, illustrating
material, reference list and reviews (in the Georgian and English languages).

5. A research article shall include the following sections: urgency of the research, research objective, research material
and applied methods, obtained results and their discussion.

6. When submitting results of experimental researches, it is mandatory to point out and describe types of experimental
animals and quantity; methods of anaesthesia (in conditions of acute experiments).

7. An article in Georgian language shall be enclosed with review in the Georgian and English languages. In case of an
article in foreign language - only in the English language. Volume of a review shall not be less than 130 and not more
than 250 words. In the English review, it is mandatory to mention: title, authors’ surnames with initials, representing insti-
tution or work institutions of authors (an author’s connection with an institution in case of several authors or institutions
shall be interpreted by figure). A review shall include the following sections (highlighted in text): objective, material an
methods, results and conclusions; key words.

8. Rules of illustrating an article:

* Tables shall be submitted in printed and e-form (and not in any of animage formats - e.g. jpg, tiff, pdf). A table shall be
drawn up in MS Word or MS Excel formats, can be inserted in text or submitted as a separate file, in this case the file
shall be named: table p...; all digital, summing and percentage data shall correspond with the ones mentioned in text.

* Diagrams shall be titled, numbered and pointed out in corresponding place in text. Diagrams can be submitted both in
MS Word or MS Excel formats, as well as in jpg, tiff, pdf formats. Diagram inscriptions shall be made in the Georgian
language.

* Photographs, pictures, drawings shall be submitted as contrast file, in jpg, tiff, pdf formats. Resolution degree not less
than 200dpi.

* Photocopies shall be submitted with positive image in jpg, tiff, pdf format, titled, numbered and pointed out in the
corresponding place in text. Resolution degree not less than 200dpi.

* In inscriptions of microphotographies, it is necessary to point out zooming degree by eyepiece or lens, dying or
impregnation method of slices and note upper and lower parts of an image.

9. Authors’ surnames in an article are mentioned by enclosing initials.

10. An article shall be enclosed with bibliographic list of used works (with depth of 5-8 years).

* Bibliographic list shall be sorted by alphabetic order;

* Authors (surname, initials, title of an article, journal name, year, journal p, the first and the last pages) are pointed out.

Use the APA style. https://apastyle.apa.org/style-grammar-guidelines/references/examples

* In case of monography point out publishing year, place an total quantity of pages.

* Intext, in round brackets shall be pointed out an author’s corresponding p, according the reference list.

11. The editorial team keep the right to correct an article. Working on text and summing is done in accordance with the

copyright original.

12. It is not allowed to submit an article published in other publications.

13. In case of violating the mentioned rules, articles are not reviewed.

Editorial team of “Guram Tatishvili Bulletin of Georgia Surgery”
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