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Abstract

Background. Treatment of post-traumatic and post-operative soft tissue edema is especially relevant due to
the high incidence of these conditions. They have a profound effect on patients” quality of life and recovery
process, as edema contributes to microcirculation impairment, pain exacerbation, fibrosis development, and
limitation of motion. Escin, a promising treatment for edema, is a naturally derived compound with anti-
edematous, angio- and endothelioprotective, anti-inflammatory, analgesic, and other effects.

The aim of the review — to summarize the clinical trial data on the efficacy and safety of systemically
administered escin medications in the treatment of post-traumatic or post-operative soft tissue edema.
Methods. The review was conducted following the PRISMA-2020, ROBIS, and AMSTAR-2 guidelines and
included clinical trials (CTs) that met the PICO(S) criteria. The search was carried out on January 8, 2025
in the PubMed, eLIBRARY, SciELO, Cochrane Library databases, and in the US, EU, and UK clinical trial
registers. Qualitative evidence synthesis was performed in a narrative approach with confidence assessment
by the GRADE-CERQual method. Risk of bias in individual CT was assessed using the RoB 2 tool.

Results. The review included three open-label, randomized, parallel-group CTs devoted to the anti-edematous
effect of escin for managing post-operative edema in chronic venous disease (1 CT, n = 87), trauma-related
skin flap transplantation (1 CT, n = 90), and surgical treatment for blunt limb trauma (1 CT,n = 102). In all trials
reviewed, systemic administration of escin was effective in correcting local edema, did not significantly differ
from comparison groups in terms of safety and tolerability, and had a positive effect on several pathogenetic
laboratory markers of edema. All included CTs raised some concerns regarding the overall risk of bias, mainly
due to the absence of blinding and randomization protection. The outcome reporting and publication bias
for the evidence synthesis was deemed low.

Conclusions. The review has shown that systemic (oral or parenteral) administration of escin in the acute
post-traumatic and post-operative periods effectively reduced the severity of edema (moderate confidence
by GRADE-CERQual) and was well-tolerated. The incidence of adverse events did not significantly differ
from the negative control, the active comparator (mannitol) (moderate confidence by GRADE-CERQual).
The findings of this review may find further application as a basis for novel, more advanced approaches
to the drug correction of edema of various etiologies.
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JCUMH AN CUCTEMHOrO BBEAEeHUS Npu NOCTTPaBMaTUUECKOM
WM NOCTONEPALUOHHOM OTEKE MATKMX TKaHeil:
cucTeMaTUUeCKuit 0630p paHAOMU3UPOBAHHbBIX
KNIMHUYECKUX UCCNeA0BaHUM

B.A. IIpuxonbko, C.B. OKOBUTbIN

@I'BOY BO «Cankm-IlemepOypzckuii 20cydapcmeeHHblli XUMUKO-(papmayesmuueckuii yHusepcumem»
Mumn3sdpasa Poccuu, 2. Cankm-ITemep6ypez, Poccus

Pecdepar

AxmyanbHOCMb. AKTYalnbHOCTb JleYeHUs MOCTTPaBMATUYECKOTO M MOCAe0NepalMOHHOr0 OTeKa MSITKMX TKaHeii
06yC/IOBJIEHA BHICOKO YaCTOTOI BO3HMKHOBEHUS 3TUX COCTOSIHMUIA, a TAKKE MX 3HAUUTEbHBIM BJIMSIHMEM Ha Kaye-
CTBO JXV3HU MAI[MEHTOB U MPOIeCC BOCCTAHOBJIEHNS, YTO OOYCJIOBJIEHO HAPYIIEHVEM MUKPOIMPKYJISIINU, YCUIe-
HyeM 60JIeBOTO CUHAPOMa, TPOGUOPOTUYECKUM AEeViCTBUEM U OTPaHMYEHMEM TTOABMUKHOCTY MO, BAUSTHUEM 3TOTO
MaTOJIOrMYeCcKOTo npotecca. [lepcrneKTMBHBIM IpeACTaBaseTCs IPUMeEHEeHMe 3CLMHA — COeIMHEeHUs] IPUPOSHOTO
TIPOUCXOXKAEHMS, 06/IaIaI0IIero MPOTUBOOTEUHBIM, aHTMO- U 3HOTEIMONPOTEKTUBHBIM, TPOTUBOBOCIIAIUTENb-
HBIM, aHAJIbIre3UPYIOIIMM U IpyTUuMu 3¢ deKTaMu.

Ilenv 0630pa — aHaNMN3 U CUHTE3 JAHHBIX KIMHUYeCKux ucciemoBanmii (KM) 06 apdexkTuBHOCTM 1 Ge30mMacHO-
CTM NIpenapaToB 3CLMHA IJISI CUCTEMHOTO IIPMMEeHEeHMS IIPU MOCTTPaBMaTUYeCKOM WY IOCTOIEPalIOHHOM OTEKe
MSITKUX TKaHei .

Mamepuan u memodst. 0630p MPOBOAVIIN B COOTBETCTBUM ¢ peKoMeHAauyssmyu PRISMA-2020, ROBIS 1 AMSTAR-2.
B 0630p Brimouanu KU, coorBercTBoBaBIIMe Kputepusim 1o cucreme PICO(S). TToMCK MCTOUHMKOB MPOBOAMIIN
08 stuBapst 2025 1. Mo 6a3am HayuyHbIX Iyonamkanmii PubMed, eLIBRARY, SciELO, KoxpeifHOBCKOI1 GMOIMOTERN,
peructpam KianHudeckux mccaegoBanuit CIIA, EBpocoio3da u Benvko6putanuu. KauecTBeHHbINi CUHTE3 TOKa3a-
TeJIbCTB OCYIIECTBJISIIM B HAPPATUBHOM ITOIXOJE C OLIEHKOI yBepeHHOCTH 10 cucTeMe GRADE-CERQual. Puck cme-
L eHMsI pe3yabTaTOB OTAe/NbHbIX KU oLleHuBanu ¢ UCnoib3oBaHeM MHCTpyMeHTa RoB 2.

Pe3ynemamest. B 0630p BOIIUIM TPU OTKPBITHIX PaHIOMM3UPOBAaHHBIX KU ¢ AM3aiiHOM MapasuieIbHbIX TPYIII, ITOC-
BSIIIIEHHBIX OI[€HKE MPOTMBOOTEUYHOr0 3P deKTa 3CIMHA IPU MOCTONEPAIMOHHOM OTeKe Ha (oHEe XPOHUUECKOTO
3abonmeBanus BeH (1 KU, n = 87), TpaHCIUTAHTAIIMM KOXKHOTO JIOCKYTA I10 IoBoay TpaBMbl (1 KU, n = 90) u xupypru-
YecKoro jeyeHus Tyrnoi TpaBMbl KoHeuyHOCTH (1 KU, n = 102). Bo Bcex paccmoTpeHHbIX KU cucTreMHOe BBeneHue
acimHa 66110 3D (PEKTUBHO ST KOPPEKIMY JIOKATHbHOTO OTeKa, 3HAYMMO He OTJAMYAIOCh OT TPy CPABHEHMUS T10
6e30MacHOCTY U MEPEHOCUMOCTH, a TaK)Ke OKa3bIBAJIO MOJIOKUTEIbHOE BIMSIHME HA YPOBHU HEKOTOPBIX IaTOre-
HeTUYECKMX J1abopaTOPHBIX MapKepoB OoTeKa. Bo Bcex BKIoueHHbIX KU 6bLIM HalimeHbl OCHOBAHMSI IJISI HEKOTO-
PBIX OTIACeHMI1 B OTHOLIEHUY OOIIEro pucka cMmelneHus addeKTa, CBI3aHHOTO, INIABHBIM 06pa30oM, C OTCYTCTBUEM
OCJIeTUIEHNSI M 3AIIUTHI IPoliecca paHAOMM3auK. PUCK cMelleHNs, CBSI3aHHOTO C BBIOOPOYHBIMY ITyOIMKaIMei
U/WU COOBIIeHNEeM Pe3y/IbTaTOB, B pAMKaXx IMPOBEIEHHOTO CMHTE3a ObLT OIeHEH KaK HU3KUIA.

3aknrouenue. TIpoBeeHHbI 0630p IMOKA3aJI, UTO CUCTEMHOE (IIEPOPAIbHOE MM ITapeHTEePaTbHOE) BBEIEHME SCIHA
B OCTPbIii TIEPUOZ, TOC/IE TPABM U ONEPATUMBHbBIX BMENIATENbCTB 3¢ (HEKTUBHO YMEHBIIAIO BhIPAsKEHHOCTh OTeKa (YMe-
peHHast yBepeHHOCTb 10 GRADE-CERQual), XopoIo nmepeHoCHIOCh U TI0 YaCcTOTe BOSHMKHOBEHMSI HEKENIAaTeTbHbIX
SIBJIGHUI He OTIMYaJI0Ch OT MMHYC-KOHTPOJIS, OT Mperapara cpaBHeHus! (MaHHUTONA) (YMEpPEHHAasl YBepeHHOCTh T10
GRADE-CERQual). Pe3ynbTaThl 0630pa MOTYT HAiiTH JasibHElIIee IIpMMeHeHMe IIpy 000CHOBaHMM HOBBIX, Oojiee co-
BepIIEHHbIX [TOAXOL0B K MPOBEIEHMI0 MeAVKAMEHTO3HOM KOPPEKLIMM OTEKOB Pa3INYHONM STUOTOTUMN.

KiaroueBsle cjioBa: 3CLMH, 3CUMHAT, OTEK, IIPpOTMBOOTEUYHAA Tepanusd, CUCTeMaTUUYECKUIA 0630]3, KIIMHN4YeCKue
ucciuenoBaHMs.

IOns nurupoBanus: [Ipuxonbko B.A., OkoBuThIit C.B. OCLIMH AJisT CUCTEMHOTO BBeeHUS TIpU MOCTTPaBMaTUUECKOM
WY TIOCTOTMEPAIMOHHOM OTEeKe MSITKMX TKaHeil: CUCTeMaTuueckuii 0630p paHIOMM3MPOBAHHBIX KIMHUYECKUX
uccenoBaunit. Tpasmamonozust u opmonedust Poccuu. 2025;31(2):161-177. https://doi.org/10.17816/2311-2905-17695.
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INTRODUCTION

Edema is a typical pathological process
characterized by excessive accumulation of
extracellular tissue fluid in the interstitial and/or
intracellular space. Edema of varying localization
and severity is common across a wide range
of diseases, including chronic diseases of the
cardiovascular system, kidneys, and liver; acute
conditions accompanied by pronounced organ
failure; inflammatory processes; endocrine and
water-electrolyte imbalances; as well as trauma
and postoperative states [1, 2]. The prevalence of
soft tissue edema due to the injury or disruption
of integrity during invasive procedures, including
those performed in the context of trauma
management, varies widely depending on the
severity and location of the primary injury and
may reach 60-75% [3, 4, 5, 6].

Regardless of its origin, edema develops as
a result of the disruption of the physiological
balance between the blood pressure and the
tissues the blood supplies, as well as increased
permeability of the capillary endothelial barrier.
These changes lead to fluid being filtered into
the interstitial space at a rate exceeding its
reabsorption by the vascular system, resulting
in fluid retention in the tissues. The presence
of edema worsens the initial causes and
contributing factors by exerting mechanical
compression on affected structures, provoking
or intensifying pain, impairing tissue perfusion
and metabolic processes, and ultimately
leading to tissue dysfunction, forming a vicious
cycle [1, 2].

To manage edema of various origins and types,
both non-pharmacological methods - such as the
widely used RICE protocol (R - rest; I — ice; C —
compression; E-elevation)-and pharmacological
agents may be employed. These include diuretics,
anti-inflammatory, antiallergic, vasoconstrictive
drugs, venotonics, angioprotectors, and agents
for pathogenetic therapy of the underlying
disease [7, 8]. Management of post-traumatic,
perioperative, and post-operative edema aims to
facilitate tissue and/or bone fragment reduction
(in case of fractures), restore tissue trophism,
reduce pain, improve overall patient condition,
accelerate functional rehabilitation, and prevent
potential complications [6, 8, 9, 10].

Escin is a mixture of triterpene saponin
glycosides obtained from the seeds of the horse

chestnut (Aesculus hippocastanum L.), with
B-escin being the predominant and biologically
active component. In vitro and in vivo studies
have shown a wide range of pharmacological
effects for escin drugs (including sodium and
lysine salts), such as anti-edematous, angio-
and endothelioprotective, anti-inflammatory,
analgesic, and antioxidant activities [11, 12].
The most relevant mechanisms of escin’s anti-
edematous action include direct inhibition of
protein and mucopolysaccharide hydrolysis,
preventing an increase in the oncotic pressure of
interstitial fluid; steroid-like anti-inflammatory
activity; antagonism to histamine and
bradykinin; induction of endogenous antioxidant
factors; correction of endothelial function;
inhibition of endothelial cell apoptosis; and
prevention of pathological cellular adhesion in
the microcirculatory bed [11, 12, 13, 14].

Individual clinical trials (CTs) have
demonstrated the efficacy of escin and total
Ae. hippocastanum-based drugs as pharmaco-
logical agents for managing soft tissue edema
of various etiologies. The most substantial
evidence base exists for chronic venous disease
(CVD) [15, 16, 17].

The aim of the systematic review — to summarize
the clinical trial data on the efficacy and safety
of systemically administered escin medications
in the treatment of post-traumatic or post-
operative soft tissue edema.

METHODS

The systematic review was conducted in
accordance with the PRISMA 2020 (Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [18], as well as the
ROBIS (Risk of Bias in Systematic Reviews) [19]
and AMSTAR-2 (A Measurement Tool to Assess
Systematic Reviews) [20] methodological quality
and validity assessment tools. The PRISMA
2020 checklist with annotated review sections
is provided in the supplementary materials.
The objectives of the review, search strategies,
inclusion and exclusion criteria, screening
algorithms, source evaluation, qualitative
synthesis, risk of bias assessment, certainty of
evidence, and conflict resolution procedures
were all defined prior to conducting the review
and were not subject to change during its
execution. The review protocol was not published
or registered.
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The review included CTs that met the
criteria listed below, defined using the PICO(S)
framework [21] (Table 1).

No restrictions were imposed regarding
participants’ age or gender, dosage forms of
escin, or design features such as randomization,
blinding, etc., beyond the specified criteria. CTs
were excluded if they failed to meet any of the
aforementioned criteria or belonged to one of the
following categories:

1) synthetic research: narrative reviews,
scoping reviews, umbrella reviews, systematic
reviews, post-hoc analyses, meta-analyses, and
clinical guidelines;

2) non-clinical studies;

3) materials with low levels of evidence:
conference abstracts, case reports and case series,
methodological guidelines, meeting protocols,
press releases, etc.

The literature search was conducted on
January 8, 2025, across the following databases:
PubMed, eLIBRARY, SciELO, Cochrane Central
Register of Controlled Trials, and clinical trial
registries including ClinicalTrials.gov (USA)!,
EU Clinical Trial Register? and EU Clinical Trials
Information System® (EU), and the UK Clinical
Study Register* (UK). Working languages included
English, Russian, and Spanish. No publication
date restrictions were applied. Search queries are
presented in Table 2.

Screening of sources, assessment of eligibility
based on inclusion criteria, data extraction, and
risk of bias assessment for the included CTs
were performed independently by two review
authors (V.A. Prikhodko, S.V. Okovityi) without
the use of automation tools. All disagreements
were resolved through discussion until
consensus was reached, with the involvement

Table 1
Inclusion criteria for clinical studies
No. Parameter Inclusion criterion
1 Population
1.1 | State Injuries of any localization, origin, nature, and severity
OR prior surgical interventions of any localization, nature, and degree of
invasiveness
2 Intervention
2.1 | Medication Escin (in any form of salts or complexes)
2.2 | Administration route Systemic (oral or parenteral administration)
2.3 | Treatment regimen Monotherapy
OR combination therapy (presence of a comparison arm without the inclusion
of escin)
3 Comparison Placebo
OR basic/standard therapy
OR any comparator drug
OR combination therapy without the inclusion of escin
4 Endpoints Any relevant to post-traumatic edema
OR any relevant to post-operative edema
5 Study design
5.1 | Type Prospective
5.2 | Intervention Interventional
5.3 | Control Controlled

! National Library of Medicine. ClinicalTrials.gov. Available at: https://www.clinicaltrials.gov/

2 The European Union Clinical Trials Register. Available at: https://www.clinicaltrialsregister.eu/ctr-search/search

5 The European Union (EU) and European Economic Area (EEA) register of clinical trials for human medicines.
Available at: https://euclinicaltrials.eu/search-for-clinical-trials/

4 The United Kingdom Clinical Study Registry. Available at: https://www.isrctn.com/
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Table 2
Search queries
Database Search query
PubMed (escin* OR aescin*) AND (clinical trial)
eLIBRARY What to search for: (escin* OR escins® OR escinate*) AND (clinical trial) (in Russian)
Where to search: in the title; in the abstract; in the keywords
Publication type: journal articles; conference materials; reports
Parameters: search with morphological variations included
SciELO (escina OR aescina OR escinato OR aescinato OR escin OR aescin OR escinate OR aescinate)

AND type: research-article

Cochrane Central
Register of Controlled
Trials word variations]

Content type: trials

ClinicalTrials.gov

EU Clinical Trial
Register
Results status: trials with results

EU Clinical Trials
Information System

UK Clinical Study
Register

Study status: completed

Language: English, Russian, Spanish

Title Abstract Keyword: escin OR aescin OR escine OR aescine OR escina OR aescina OR escins
OR aescins OR escinas OR aescinas OR escinate OR aescinate OR escinato OR aescinato [include

Intervention/treatment: escin OR aescin OR escine OR aescine OR escina OR aescina OR escins
OR aescins OR escinas OR aescinas OR escinate OR aescinate OR escinato OR aescinato

escin OR aescin OR escine OR aescine OR escina OR aescina OR escins OR aescins OR escinas
OR aescinas OR escinate OR aescinate OR escinato OR aescinato

escin*, aescin®, escine*, aescine*, escina®*, aescina*, escins*, aescins®, escinas®, aescinas®,
escinate®, aescinate®, escinato*, aescinato™

Interventions: escin or aescin or escins or aescins or escinate or aescinate

of an independent consultant in cases where
disagreement persisted. Decisions on trial
inclusion were made in two sequential stages:
(1) screening of the title and abstract; and (2)
full-text assessment (for sources potentially
meeting inclusion criteria based on the initial
screening). For all included CTs, all available
data on participants, efficacy, and/or safety
of the intervention were extracted from the
original sources, presented by the authors,
including supplementary materials, without any
quantitative transformation.

The qualitative synthesis of evidence and
the investigation of data heterogeneity were
conducted using a narrative approach [22],
summarizing data from all included CTs accor-
ding to group-specific inclusion criteria based on
the PICO(S) framework, and presented in textual,
tabular, and graphical formats. The confidence
in the body of evidence was assessed using
the GRADE-CERQual system, which evaluates
sources based on four criteria: (1) methodological
limitations; (2) coherence; (3) adequacy of data;
and (4) relevance [23]. Key findings from the
synthesis were summarized in a Summary of
Qualitative Findings (SoQF) table [24].

The risk of bias in individual CTs included in
the review was assessed using the RoB 2 (Risk of
Bias) tool [25], as all studies were randomized
and interventional. For non-randomized
studies, the review protocol specified the use of
the ROBINS-I scale [26]. The RoB 2 tool allows
assessment of bias risk across five domains:
(1) randomization process; (2) deviations from
intended interventions; (3) missing endpoints’
data; (4) assessment of the endpoints; and (5)
selection of the reported result.

The risk of bias related to selective
publication and/or selective outcome reporting
was assessed by comparing the list of endpoints
in the trial protocol with those reported in
the corresponding publication. If the protocol
was not available, the endpoints listed in the
methods and results sections of the publication
were compared.

RESULTS

A total of 237 publications were identified
through the search process, and the screening
and evaluation procedures are illustrated in the
PRISMA diagram [18] (Figure 1).
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Following the screening process, three clinical
trials [27, 28, 29] that met all inclusion criteria
were selected; their general characteristics are
presented in Table 3.

All included trials were conducted in the
People's Republic of China, were comparative in
nature, had a parallel-group design (two trials
with a single intervention group [27, 28], and one
trial with two intervention groups [29]), were
randomized, and did not implement blinding

Identification via databases and trial registers

at any level. One trial included patients with
post-operative edema associated with CVD [27];
another involved patients who had undergone
skin flap transplantation due to trauma [28]; and
the third included patients with limb trauma-
related edema following surgical intervention
[29].

Potentially relevant trials excluded after
full-text assessment, along with the reasons for
exclusion, are presented in Table 4.

Identification via other methods

Records identified (n = 237): Records identified (n = 4) : _|Records removed
Databases (n = 222): Citations (n = 4) "|before screening (n =0)
5 PubMed (n=103)
= Cochrane CENTRAL (n = 94) Records removed before
& eLIBRARY (n = 22) screening (n=51):
g SciELO (n =3) Duplicate records (n = 51)
= Registers (n =15):
ClinicalTrials.gov (n =12)
EudraCT (n=3)
Records screened | Records excluded
(n=186) " (n=178)
Y
csn Records sought Full texts not retrieved Records sought _| Fulltexts not retrieved
§ for full text retrieval (n = 8) (n=2) for full text retrieval (n=4) " (n=3)
3
v Studies excluded (n = 3): v
Reports assessed for eligibility Uncompleted (n = 1) Reports assessed for eligibility " Studies excluded (n=1):
(n=6) Intervention (n=1) (n=1) Population (n=1)
Outcomes (n=1)
3 v
é ‘ Studies included (n=3) If.
=

Figure 1. PRISMA flow diagram

Table 3
General characteristics of clinical studies included in the review
First author Number of Design | Number
and year of n | Country of of Randomization Blinding Reference
I centers

publication groups | groups
Yang X., 2024 87 PRC 1 PG 2 Yes No [27]
Wei L., 2018 90 PRC 1 PG 2 Yes No [28]
Wang B., 2016 102 PRC 1 PG 3 Yes No [29]

PRC - People’s Republic of China, PG — parallel groups.
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Table 4
Potentially relevant clinical studies excluded after full-text assessment
First author and .
Lo Reasons for exclusion Reference

year of publication
Singhai A., 2024 Not completed (planned study protocol) [38]
Xie Q., 2009 Endpoints not meeting inclusion criteria (time to recovery of intestinal gas passage, [39]

time to return of bowel sounds, time to first bowel movement)
Duskova M., 1999 Intervention not meeting inclusion criteria (escin arm: escin + etamsylate; [40]

comparator arm: proteolytic enzymes)

CT 1. Clinical efficacy of sodium escinate
administration following endovenous
laser ablation for varicose veins

(Yang X. et al., 2024) [27]

X. Yang et al. evaluated the effects of systemic
administration of escin salt in patients with lower
limb varicose veins who underwent endovenous
laser ablation (EVLA). The parameters assessed
included the severity of edema, pain syndrome,
the course and symptoms of CVD, as well as the
quality of life [27]. The study was supported by
the International Scientific and Technological
Cooperation Program under the Science and
Technology Innovation Action Plan of Shanghai,
the Fundamental Research Program of the 9™
People’s Hospital, Shanghai Jiao Tong University
School of Medicine, and the pharmaceutical
company Shandong Luye Pharmaceutical Co.,
Ltd. (Luye Pharma Group) — the manufacturer
of escin-based drugs Oukai® and Maitongna®
(PRC). The authors declared no actual or potential
conflicts of interest.

The CT included 90 adult patients, of
whom 43 (49.4%), 20 (23.0%), 18 (20.7%), and
6 (6.9%) were classified as C2, C3, C4, and C5
clinical classes, respectively, according to
the CEAP (Clinical-Etiological-Anatomical-
Pathophysiological) classification of CVD. The
mean age of the participants was 59.9+10.7
years; among them, 54 (62.1%) were men
and 33 (37.9%) were women. The baseline
characteristics of the participants, common
to all three included CTs, are presented in
Table 5. Exclusion criteria included a history of
previous surgical treatment for CVD; bilateral
procedures performed during a single session;
use of venoactive and/or diuretic drugs within
the previous month; edema caused by other
conditions, including those of the lymphatic
system; stenosis and/or occlusion of deep veins;
arterial disease (ankle-brachial index less than
0.9); prior experience with and/or inability to
wear compression stockings; allergic reactions to
escin salts or a history of escin intolerance.

Table 5
Patient characteristics at baseline
Clinical trial
Patient .
characteristics at Yang X., 2024 [27] Wei L., 2018 [28] Wang B., 2016 [29]
baseline Escin Control Escin Control Escin Mannitol Escin +
group group group group group group mannitol group

Number of 42 45 45 45 34 34 34
participants
Age, years 58.5%12.1 | 61.1%9.3 9.3+2.7 9.1£2.8 45.3+7.6 46.8+7.3 45.8+6.3
(men#SD)
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End of Table 5

Patient characteristics at baseline

Clinical trial

Patient .
characteristics at Yang X., 2024 [27] Wei L., 2018 [28] Wang B., 2016 [29]
baseline Escin Control Escin Control Escin Mannitol Escin +
group group group group group group mannitol group
Male, n (%) 24 (57.1) 30 (66.7) | 23 (51.1) 26 (57.8) 24 (70.6) 18 (52.9) 19 (55.9)

Etiology of edema Post-operative (EVLA
sclerotherapy *
phlebectomy for
varicose veins of the

lower limbs)

Post-traumatic +
post-operative (pedicled
skin flap transplantation

for limb injury)

Post-traumatic +
post-operative (surgical intervention for
blunt trauma of the upper limb)

SD - standard deviation, EVLA — endovenous laser ablation.

Participants were randomized using a block
randomization method in a 1:1 ratio into
two parallel groups: A) intervention group;
B) negative control group. There were no
statistically significant differences between the
groups in terms of gender distribution, mean
age, body mass index, tobacco and alcohol
consumption, presence of comorbidities
(including diabetes mellitus, arterial hyper-
tension, and other cardiovascular diseases), as
well as the location and severity of the underlying
condition, as assessed by clinical scales,
questionnaires, and instrumental diagnostic
methods.

All patients underwent EVLA and ligation
of the great saphenous vein under regional
anesthesia. At the discretion of the surgeons,
some patients additionally received sclerotherapy
and/or phlebectomy. No pharmacological
prophylaxis of deep vein thrombosis or wound
infection was administered. All patients wore
class II compression stockings throughout the
entire study period. Participants in Group A
additionally received escin salt (60 mg) orally
twice daily for 20 days, starting on the day
of the EVLA procedure. Patients in Group B
did not receive any pharmacological therapy.
The parameters of the intervention protocol in
the described CT are presented in Table 6.

The assessment of the intervention’s efficacy
and tolerability was carried out over three visits:
at 105, 21£3, and 30%5 days postoperatively.
The primary endpoint was defined as the change
in calf circumference (cm) on day 21, reflecting the

resolution of local edema. Secondary endpoints
included changes in ankle circumference (cm) on
days 10, 21, and 30; pain intensity assessed by the
Visual Analog Scale (VAS, score); clinical severity
of chronic venous disease assessed by the Venous
Clinical Severity Score (VCSS, score); and quality
of life measured by the Aberdeen Varicose Vein
Questionnaire (AVVQ, score). The time points and
study endpoints are illustrated in Figure 2.

The full analysis set (FAS) included 87
patients who completed the study program, of
whom 74 fully adhered to the treatment protocol
(per protocol set, PPS). Among FAS participants
receiving escin, a significantly lower absolute
calf circumference was observed compared to
the control group on days 10 and 21 of treatment
(Day 10: 37.49+2.75 vs 38.98+2.87 cm, p = 0.018;
Day 21: 36.93%2.64 vs 38.31%£2.60 cm, p = 0.019).
In addition, the increase in calf circumference
relative to baseline was significantly smaller
in the escin group at all time points (Day 10:
1.04%0.35 vs 2.39%1.15 cm; Day 21: 0.48+0.42 vs
1.73%1.00 cm; Day 30: 0.18+0.64 vs 0.82+0.96 cm;
p<0.001 for all comparisons). The between-group
differences were -1.44%0.18 cm (95% CI: -1.80,
-1.07), -1.26%¥0.17 cm (95% CI: -1.59, -0.93),
and -0.54+0.17 cm (95% CI: -0.88, -0.20) at the
respective time points.

The mean ankle circumference was
significantly lower in the escin group on day 10
(23.8£1.98 cm vs 24.85%1.66 cm, p = 0.023), with
no difference observed between groups on days
21 and 30. A significantly smaller increase in
this parameter was recorded in the escin group
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Table 6
Characteristics of intervention protocols in the included studies
Clinical trial
Yang X., 2024 [27] Wei L., 2018 [28] Wang B., 2016 [29]
Parameter .
Escin Control Escin Control Escin Mannitol If;ﬁigtzl
group group group group group group group
Intervention sodium no sodium escinate no sodium mannitol sodium
escinate escinate escinate +
mannitol
Administration route orally - IV drip - IV drip IV drip IV drip
Dose per 60 - 0.2 mg/kg, not - 20 25 10+ 25
administration, mg exceeding 20 mg
per day
Frequency of 2 - 1 - 1 2 1
administration, times
per day
Daily dose, mg 120 - 0.2 mg/kg, not - 20 50 10+ 25
exceeding 20 mg
per day
Duration of therapy, 20 7 7
days
Baseline therapy Non-pharmacological | Pharmacological (analgesics, No
(compression antibacterial agents,
stockings, class II) nutritional support, fluid
and electrolyte balance
regulators)

1 YangX.etal, 2024

Ankle circumference, cm
Calf circumference, cm
VAS score, point

VCSS score, point

AWQ score, point

Ankle circumference, cm
Calf circumference, cm
VAS score, point

VCSS score, point

AVVQ score, point

Ankle circumference, cm
Calf circumference, cm
VAS score, point

VCSS score, point

AVVQ score, point

v
|

days since o

trial start g 10 21 30
2 Weil.etal, 2018 Cumulative wound drainage, ml
Flap swelling grade
hd Two-point
Serum CRP, mg/I discrimination test
Serum MDA, nmol/ml of flap, mm
, v o V v
days since _ | 1 [
trial start 0 1 3 7 30

3 WangB.etal, 2016

Serum AQP1, pug/l
Edema resolution (yes/no)

days since _ |

v ‘

trial start

0 3 7

drug administration period

Figure 2. Time points and endpoints of the trials included in the review
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at the first two time points (Day 10: 1.37+0.52
vs 2.36%0.93 cm, p<0.001; Day 21: 0.58%0.60 vs
1.14%0.88 cm, p = 0.002). Escin administration
resulted in a significant reduction in ankle
circumference by -1.00£0.17 cm (95% CI: -1.34,
-0.66) and -0.57+0.17 cm (95% CI: -0.91, -0.22)
compared to the control group on days 10 and 21,
respectively.

The intensity of pain according to VAS,
the overall severity of CVD by VCSS, and the
quality of life as assessed by AVVQ did not differ
significantly between the groups throughout the
study period in the FAS analysis. For the PPS,
a significantly lower pain intensity was observed
on day 21 in the escin group compared to those
not receiving drug therapy (0.508%0.794 vs
0.953%£0.916, p = 0.047). The mean group scores
for VCSS and AVVQ did not differ significantly
between the groups, regardless of patient
adherence to the protocol.

The overall frequency of adverse events
(AEs) was 16.7% (n = 7) in the escin group
and 11.1% (n = 5) in the control group, with
no significant difference between them. None
of the AEs were considered serious. The AEs
included dyspeptic symptoms (n = 5; 2 patients
discontinued the drug), chest discomfort
(n = 2), skin reactions (n = 4), and hypersensi-
tivity reactions (n = 1). The frequency of AEs
did not differ significantly between the two
groups. The results of the assessment of the
intervention tolerability in the included trials
are presented in Table 7.

Thus, in the study conducted by X. Yang et al.,
escin (60 mg orally twice a day for 20 days)
in combination with the use of compression
stockings effectively reduced the severity of
lower limb edema and pain (in patients with high
adherence to the protocol), had no impact on the
overall course of the disease or quality of life in
patients with CVD who underwent EVLA with
optional sclerotherapy and/or phlebectomy [27].

Table 7
Incidence of adverse events in the included studies, number of patients (%)
Clinical trial
Yang X., 2024 [35] Wei L., 2018 [36] Wang B., 2016 [37]
Adverse event Esci
Escin Control Escin Control Escin Mannitol scin +
group group group group group group mannitol
group
All AEs 7(16.7) | 5(11.1) | 1(2.2) 0 6(17.7) | 8(23.5) 2(5.9)
Dyspeptic symptoms, nausea, 5* 0 0 N/A
diarrhea
Chest discomfort, palpitations 2 0 0 0 N/A
Skin reactions, blisters 4 0 N/A 3 2 1
Hypersensitivity reactions 1 0 0 0 1 1 0
Injection site reactions N/A 1 0 N/A
Dizziness N/A 0 0 N/A
Liver function disorders N/A 0 0 N/A
Kidney function disorders N/A 0 0 0 4 0
Electrolyte imbalances N/A 0 0 0 2 0
Dysuria, changes in urination N/A 0 0 N/A
frequency
Phlebitis N/A N/A 2 ‘ 0 1

* Data from the original source without group stratification.

N/A - no data available.
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CT 2. Sodium escinate injection for skin
flap transplantation of hand or foot
in children (L. Wei et al., 2018) [28]

L. Wei et al. assessed the impact of parenteral
administration of escin on the resolution of
edema and exudation, serum marker levels
(C-reactive protein (CRP), malondialdehyde
(MDA)), and the recovery of sensory function
following skin flap transplantation for the
treatment of traumatic limb injuries in children.
The authors did not disclose funding sources but
stated that there were no apparent or potential
conflicts of interest [28].

CRP is one of the so-called acute-phase
proteins, widely used as laboratory markers of
inflammation of any etiology, demonstrating
high sensitivity and a rapid response to the
development of the inflammatory process.
Recent data suggest that CRP may play a role as
a mediator of endothelial dysfunction, impairing
normal endothelial reactivity and contributing
to increased permeability of capillary walls [30].
MDA is the primary product of the peroxidative
degradation of unsaturated lipids, reflecting
the intensity of oxidative stress and oxidative
damage to biomolecules and cellular structures.
MDA and neoantigens formed from modified
proteins possess pro-inflammatory activity by
inducing corresponding cytokines and activating
cellular immune response reactions [31].

The CT included 90 children aged 5 to 14 years
(49 (54.4%) boys, 41 (45.6%) girls) with injuries
to the upper (62 (68.9%)) or lower limbs (28
(31.1%)). All of them underwent pedicled skin
flap transplantation as part of their treatment
for the sustained injury, with the majority (75
(83.3%)) receiving it as part of emergency medical
care. Baseline characteristics of the participants
common to the three included trials are presented
in Table 5. Exclusion criteria included the use of
diuretics within 1 week and/or steroids within
1 month before the start of the CT; the presence
of heart disease, previous heart surgery, kidney
damage and/or renal failure, liver failure, HIV
infection, coagulation disorders, electrolyte
imbalance, or hemodynamic instability.

Patients were randomized into two parallel
groups: A) intervention group (escin), and
B) negative control group. The groups did not
differ significantly in terms of gender ratio,
mean age, time and circumstances of injury,
injury location and severity, surgical protocols

and operative features, or baseline serum
concentrations of CRP and MDA. All children
received baseline therapy, which included
analgesics, antibiotics, nutritional support,
and medications for water-electrolyte balance
regulation. Participants assigned to Group A
additionally received escin salt (0.2 mg/kg, not
exceeding 20 mg) via intravenous infusion once
daily for 7 days, starting on the day of transplan-
tation. The parameters of the intervention protocol
in the described CT are presented in Table 6.

The evaluation of the drug’s efficacy and
tolerability was performed on days 1, 3, 7, and
30 of the study. Venous blood serum levels of
CRP (mg/l ) and MDA (nmol/ml) were measured
on days 1, 3, and 7. The total volume of wound
exudate obtained via drainage (ml) and the
degree of skin flap edema (on a scale from 0
to 3) were assessed on day 7. Thirty days after the
start of the CT, recovery of sensory function in
the transplanted area was evaluated using the
two-point discrimination test by determining the
minimal distance between two stimulation points
perceived by the patient (mm). The timeline and
endpoints of the CT are presented in Figure 2.

All 90 participants completed the study
protocol and were included in the analytical
sample. Serum CRP and MDA levels were
significantly lower in the escin group compared
to the control group at all time points, according
to Student’s t-test (CRP: t1 = 3.272, t3 = 8.597,
t7 = 8.003, p<0.05 for all; MDA: t1 = 9.569, t3 =
10.046, t7 = 7.420, p<0.05 for all). The volume of
wound exudate on day 7 after the start of therapy
was significantly lower in the escin group
compared to the control group (58.11+20.51 vs
72.25%22.70 ml, p = 0.005). Patients receiving
escin also showed significantly more frequent
cases of less severe local edema compared to
those receiving standard therapy alone (absolute
frequency of edema grades 0/I/1I/II1: 7/25/13/0
and 2/20/22/1 in the two groups, respectively,
p=0.013). One month after the start of the CT, the
results of the two-point discrimination test also
differed significantly: the minimal discernible
distance was 7.46*3.74 mm in the escin group and
9.73+3.68 mm in the control group (p = 0.004).

In the experimental therapy group, one case
of local irritation and pain during escin infusion
was reported as an AE; the symptoms resolved
spontaneously after reducing the infusion
rate. The overall incidence of AEs did not differ
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significantly between the two groups. The results
of the tolerability assessment of the interventions
in the included CTs are presented in Table 7.

Thus, in the study conducted by L. Wei et al.,
escin (0.2 mg/kg administered once daily via
intravenous infusion for 7 days), when included
in the pharmacological treatment regimen
for post-traumatic limb injury and skin flap
transplantation in children, significantly reduced
serum levels of CRP and MDA, decreased the
severity of edema and exudation in the affected
area, and contributed to improved sensory
function recovery of the flap in the long-term
period [28].

CT 3. Clinical effects of joint application
of B-sodium escinate and mannitol

in treating early swelling after upper
limb trauma surgery

(B. Wang et al., 2016) [29]

B. Wang et al. evaluated the effects of escin as
monotherapy and in combination with mannitol
on the severity of local edema and serum levels
of aquaporin-1 (AQP1), a marker of vascular wall
permeability, in patients undergoing surgical
procedures on the upper limb for blunt trauma.
The authors did not disclose funding sources and
did not report the presence or absence of any
conflicts of interest [29].

AQP1 is a transmembrane protein responsible
for water transport across cell membranes along
the osmotic gradient and also participates in
non-selective ion transport via a mechanism
dependent on cyclic guanosine monophosphate.
In adults, the highest levels of AQP1 expression
are found in endothelial cells across nearly
all anatomical locations, as well as in kidney
structures, the choroid plexus of the brain,
intrahepatic bile ducts, the gallbladder, and
other regions of the gastrointestinal tract [32].
Induction of AQP1 and other aquaporins has
been shown to be positively associated with the
severity of edema in conditions such as chronic
congestive heart failure, liver cirrhosis, chronic
kidney disease, and other pathologies [33].

The study was conducted with the participa-
tion of 102 adult patients who underwent surgical
treatment for upper limb trauma sustained no
more than 8 hours prior to enrollment. Baseline
characteristics of the participants, common to
the three included CTs, are presented in Table
3. Patients were excluded if they had edema

associated with severe damage to the nervous
system and/or blood vessels, burns, venous and/
or lymphatic obstruction, neoplastic processes,
or comorbidities involving the heart, kidneys, or
brain.

Participants were randomized into three
groups (n = 34 in each): A) intervention group
(escin monotherapy); B) active control group;
and C) combination therapy group. The mean
ages were 45.3%7.6, 46.8+7.3, and 45.8+6.3 years,
and the mean time from injury to enrollment was
5.6*1.1, 5.4%1.5, and 5.8+1.3 hours in groups A,
B, and C, respectively. In group A - 18 (52.9%)
patients, in group B — 15 (44.1%) patients, and
in group C - 17 (50.0%) patients had grade II
edema; the remaining participants in each group
presented with grade III edema. The groups
did not differ significantly in terms of gender
distribution, mean age, time from injury, or
edema severity (graded I to III).

Patients in group A received escin sodium salt
(20 mg) administered once daily via intravenous
infusion. Participants in group B received the
comparator drug — mannitol, an osmotic diuretic
— administered as a 20% solution (125 ml; 25 mg)
via intravenous infusion twice daily (every 12
hours). Patients in group C received combination
therapy with half the daily doses of each drug:
escin (10 mg) administered once daily via
intravenous infusion plus 20% mannitol (125 ml;
25 mg) administered once daily via intravenous
infusion. The intervention protocol parameters
for this CT are presented in Table 6.

The efficacy and tolerability of the interven-
tions were assessed by measuring serum
concentrations of AQP1 (ug/l) on days 3 and 7
of treatment, as well as the time to complete
resolution of edema. Therapy was considered
effective if the edema resolved in less than 3 days,
partially effective if it resolved in 4 to 7 days, and
ineffective if it took more than 7 days. Overall
efficacy was calculated as the proportion of pati-
ents with a complete or partial response relative to
the total number of patients (%). The timeline and
endpoints of the CT are presented in Figure 2.

The mean time to resolution of edema in
the affected area was 6.38+1.37, 6.61%1.63,
and 4.16*1.72 days in the escin, mannitol, and
combination therapy groups, respectively; the
combination treatment had a significantly greater
effect (p = 0.027). The treatment was effective
in reducing edema in 79.4%, 70.6%, and 94.1%
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of patients in the three groups, respectively;
a significantly higher efficacy was also observed
for combination therapy (p = 0.042). At the
start of the treatment, there were no significant
differences in serum AQP1 levels between the
groups. During the study, this level remained
unchanged in the mannitol group, but signifi-
cantly decreased in the escin and combination
groups (escin: baseline — 16.54%3.06 ng/l, day 3
- 11.34%2.52 ng/l,day 7 - 7.28+1.23 pg/1 (p<0.05);
escin + mannitol: baseline - 17.24%3.26 ng/l,
day 3 - 11.36%*2.85 pg/l, day 7 - 7.31%1.52 pg/l
(p<0.05)). There were no statistically significant
differences in AQP1 levels between the groups.

In the escin group, AEs were observed with
an overall frequency of 17.65%, including the
appearance of blisters on the skin (n = 3),
phlebitis (n = 2), and allergic reactions (n = 1). In
the mannitol group, the overall frequency of AEs
was 23.53%; these included kidney dysfunction
(n = 4), blisters on the skin (n = 2), electrolyte
imbalances (n = 2), and allergic reactions (n = 1).
In the combination therapy group, AEs occurred
at a frequency of 5.88% and were represented by
phlebitis and skin blisters (n = 1 each). The overall
frequency of AEs did not differ significantly
between the patient groups. The results of the
assessment of intervention tolerability in the
included CTs are presented in Table 7.

Thus, in the study by B. Wang et al., escin
(20 mg intravenously, once a day for 7 days)
facilitated edema resolution, showing no
significant difference compared to mannitol
(25 mg intravenously, twice a day for 7 days). The
combined administration of half-doses of escin
and mannitol (10 mg + 25 mg intravenously,

First author,

year of publication R D Mi
Yang X., 2024 ? ? ?
Weil., 2018 ?

Wang B., 2016 ?

Risk of bias domains
Me S

once a day for 7 days) significantly enhanced the
overall anti-edematous effect of the components.
Escin and its combination with mannitol
significantly reduced serum concentrations of
the AQP1 marker, which was not observed with
mannitol monotherapy [29].

Risk of bias assessment

According to the RoB 2 system algorithms, all CTs
included in the review raised concerns regarding
the overall risk of bias (Figure 3). All CTs had a
moderate risk of bias related to randomization,
as none of them used allocation concealment as
a measure to protect the randomization process.
The risk of bias related to deviations from the
intervention protocol was assessed as moderate
for the CT by X. Yang et al., based on the repor-
ted significant impact of low adherence to the
protocol on one of the endpoints, as well as
the absence of pharmacological therapy in
the negative control group. For this same CT, the
risk of bias related to missing endpoint data was
also assessed as moderate due to the absence of
relevant data for more than 10% of participants
[27]. All included CTs raised concerns regarding
the risk related to endpoint assessment, due to
the lack of blinding of both participants and
medical staff. The risk of bias related to the
selective reporting of results was assessed as
low in all cases.

The risk of bias related to the selective
publication and/or reporting of results was low in
the conducted synthesis: all three CTs included
in the review reported the results of all endpoints
stated in the methods section of the respective
publications.

Overall risk
of bias

?
. high risk

? some concerns

low risk

Figure 3. Risk of bias assessment for the included clinical trials according to the RoB 2 tool: R — bias related
to randomization; D — bias related to deviations from the intervention protocol; Mi — bias related to missing
endpoint data; Me — bias related to endpoint assessment; S — bias related to the selective reporting of results
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DISCUSSION

The anti-edematous effect of escin may
be associated with its influence on several
pathogenic mechanisms common to edema
of various origins, including inflammation,
oxidative stress, lipid peroxidation, and
dysfunction of transmembrane water channels.
This was reflected in changes in relevant
laboratory markers observed in participants
receiving escin in the included CTs.

The results of three randomized CTs identified
during the literature search allow for a reasonable
degree of confidence in concluding that systemic
administration of escin medications may be
effective in reducing localized edema in patients
following trauma or surgical interventions,
including cases involving surgical management
of injuries. Moreover, systemic use of escin during
the acute post-traumatic or postoperative period
was shown to be safe in the reviewed trials and
was well tolerated, with no significant differences
compared to placebo or the comparator drug
(mannitol).

The findings of our systematic review
are consistent with those reported by other
authors. For instance, in a literature review
by L. Gallelli, data were presented supporting
the anti-edematous, anti-inflammatory, and
venotonic effects of escin, as well as its ability to
reduce the severity of ischemic-hypoxic injury
to endothelial cells and restore physiological
permeability of microcapillary walls [12].
Y. Yang et al. summarized the results of a broad
range of preclinical studies demonstrating
escin’s efficacy in cases of brain and pulmonary
edema, as well as in inflammatory diseases of
various localizations accompanied by edema
[34]. A reduction in circulating levels of MDA
[35] and CRP [36] following the administration
of escin or escin-containing combinations has
also been previously observed in animal studies.
Additionally, C. Chen et al. reported that escin
suppressed the in vitro hyperexpression of AQP1
by endothelial cells [37].

The relatively high degree of uncertainty in
the qualitative assessment presented above is
attributable, first, to the small overall sample size
of the included CTs (n = 3) and their participants
(n = 279); second, to the high degree of

heterogeneity among the trials; and third, to
the substantial risk of bias in the observed
effects, primarily resulting from suboptimal
methodological aspects of the analyzed studies.
The included trials exhibited considerable
heterogeneity in terms of patient population
characteristics (treatment indications),
intervention protocols (route of administration,
dosage, duration of treatment), endpoints
and their assessment methods, as well as the
statistical approaches used for analysis.

A more precise and quantitative assessment
of the efficacy and safety of systemic escin
administration for specific indications or
groups of indications may become possible
through CTs with greater statistical power and
a design closely aligned with the gold standard
(double-blind, placebo-controlled CTs).
The key findings of this review and the authors’
level of confidence in them are summarized in
the SoQF table, developed in accordance with
the GRADE-CERQual guidance [24] (Table 8).
The results of this review may serve as
a basis for developing improved approaches to
the pharmacological management of edema
of various etiologies.

Limitations

This review has several limitations that may
affect the potential evidentiary value of its
findings. The search strategy did not include
fixed-dose escin combinations or compound
medications, including herbal extracts
containing escin, as the composition of such
combinations is not always fully characterized,
making it difficult to attribute observed effects
to a specific component. The search was limited
to the languages in which at least one of the re-
view authors was sufficiently proficient, and no
translation tools were used to access potentially
relevant sources in other languages. Further-
more, the search was conducted exclusively in
open-access databases and registries, which
may have limited the identification of additio-
nal potentially relevant sources. The qualitative
synthesis of evidence was conducted using a
narrative textual approach without the use of
advanced methodologies, primarily due to the
small sample size and substantial heteroge-
neity of the included studies.
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CONCLUSIONS

During this systematic review of 237 sources,
three randomized clinical trials were identified
that evaluated the efficacy and safety of
systemically administered escin medications
for post-traumatic or post-operative edema.
In these trials, orally or intravenously
administered escin was effective in reducing the
severity of localized edema in patients following
endovenous laser ablation for varicose veins of
the lower limbs (one trial), as well as in patients
with limb injuries followed by surgical treatment
(two trials). Escin administration was associated
with normalization of serum levels of certain
markers of inflammation, oxidative stress, and
increased endothelial barrier permeability.
Escin medications were well tolerated in all
trials. Thus, systemic administration of escin
may be effective and safe for managing post-
traumatic and post-operative edema; however,
confirmation of this hypothesis requires further
evidence.
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