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SECHENOV /\ Ultrasonography cervical volume as a predictor of successful induction of labor:
MEDICAL JOURNAL 49 2 v :
L a systematic review and meta-analysis
Summary Cervical volume represents a promising predictor of labor induction outcomes, as smaller volumes
are associated with vaginal delivery within 24 hours and earlier transition to the active phase,
although not uniformly with overall success of labor induction.
Materials and methods Number of studies A systematic review and meta-analysis

Identificaion 7 StUdIES (I7 = 534)
n=1396
Population: pregnant women
Screening Exposure: measurement of cervical volume using ultrasonography
25 Comparator: cervical volume threshold
Outcomes: successful induction of labor
Hee Study design: cohort studies

Maternal outcomes

Outcomes
Outcome Cohort size Effect size (95% CI)
CV lower than threshold — VD within 24 hours 168 .7»19 (3.31t0 15.64)
Lower CV — active phase of labor within 12 hours 77 . ~5.73 cm? (~10.64 to —0.81)
Lower CV — overall induction of labor success 422 . -1.32 cm* (-8.37 10 5.72)
Lower CV — VD without a timeframe 289 IMD' —6.88 cm?(-14.6 10 0.83)

Kassayanan P., Nontaprom K., Chantabal P., Thanasantumrongsak S., Suntipap M. Ultrasonography cervical 20 minutes E B
volume as a predictor of successful induction of labor: a systematic review and meta-analysis. Sechenov .
Medical Journal. 2025; 16(3): 4-16. Epub ahead of print 17.09.2025. https://doi.org/10.47093/2218-7332.2025.1223 toread :

.

Cl — confidence interval, CV — cervical volume, OR — oddis ratio, VD — vaginal delivery, MD — mean difference

At |

Aim. To compare the cervical volume of patients who underwent successful and failed induction of labor (I0L)
procedures.

Materials and methods. This systematic review and meta-analysis were conducted according to PRISMA guidelines.
A comprehensive literature search was performed in PubMed, EMBASE, Scopus, and Google Scholar to identify cohort
studies published between January 01, 2005 and December 31, 2024, that compared cervical volume in pregnant
women who underwent I0L. A random-effects meta-analysis was performed.

Results. Seven studies involving 534 pregnant women were included. Four studies were considered low risk of bias
and two studies were regarded as high risk of bias. Risk of bias assessment could not be performed in one study
because the full-text of the article was not available. The pooled analysis of two studies involving 168 pregnant
women demonstrated a positive association between the lower cervical volume and successful vaginal delivery
within 24 hours (odds ratio 7.19; 95% confidence interval: 3.31 to 15.64; 1> = 0%). The pooled analysis of five studies
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involving 422 pregnant women showed no statistically significant difference between successful and failed I0OL, with
a mean difference —1.32 cm?® 95% confidence interval: -8.37 to 5.72; I* = 89.8%). Subgroup analyses showed no
statistically significant association between cervical volume and successful IOL when defined as vaginal delivery
without time restriction or within 24 hours. However, a significantly lower cervical volume was observed in women
who achieved the active phase of labor within 12 hours. The Egger’s regression test confirmed the absence of
small-study effects (coefficient = 0.50, standard error = 1.75, p = 0.78).

Conclusion. Cervical volume has significant potential as a parameter for predicting successful 10L, with a smaller
cervical volume being associated with better outcomes, although subgroup findings remain inconsistent.

Keywords: cervical volume; ultrasound imaging; induced labour; vaginal delivery; cesarean delivery
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O6beM ek MaTKU, OLleHEHHbI! MO YNIbTPa3BYyKOBOMY
nUccnenoBaHUIo, Kak NMpeauKTop ycnewHo poaoson
AEATENbHOCTU: CUCTEMATUYECKUIA 0630p U MeTaaHaNU3

I1. Kaccasinan!, K. Houranpom!, I1. Yanra6an?, C. Tanacanrymponrcak!, M. Cyarumamn’*
Vuusepcumem Cpunaxapuneupom
yn. Cykxymeum 23, 0. 114, pation Bammana, 2. banexok, 10110, Taunano
2Bonvuuya Knone Jlyane
M.7 Knone Xok, 0. 30, pation Knone Jlyane, 2. [Tamxymmxanu, 12120, Taunano

GULETTER
Llenb. CpaBHUTH 06bEM LLEIKI MATKM Y MALMEHTOK C YCMELWHO U HeyCnelHON MHAYKLMEN POAOBOI AeATeNbHOCTH

(MPL).

Marepuanbl u metogbl. CcTeMaTyecKmii 0630p 1 MeTaaHann3 BbINMOJHEH B COOTBETCTBUN C PeKOMEHAaLNsaMM
PRISMA. Mownck nuTepatypbl npoBoanncs B 6azax PubMed, EMBASE, Scopus u Google Scholar ans BbisiBneHus
KOrOPTHbIX MCCNefoBaHWiA, 0Ny6ANKOBaHHbIX B Nepuog ¢ 1 aHeapsa 2005 no 31 aekabps 2024 roga, B KOTOPbIX
CpaBHMBANCA 06bEM LUENKM MaTKK y BEPEMEHHDBIX XeHLLMH, NnepeHecwvx WP, Ans meTaaHann3a ucnonb3oBam
MOAENb CO CyyYaiHbIMK 3 heKTamum.
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Pe3ynbratbl. B aHanM3 BK/IKOYEHbl CEMb UCCNEA0BaHNIA C y4acThem 534 6epeMeHHbIX XeHLLMH. B yeTbipex uc-
CNef0BaHNAX BbIABNEH HU3KWIA PUCK CUCTEMATUYECKMX OLUIMOOK, B [BYX — BbICOKWIA, B OLHOM MCCNeaoBaHum
OLIEHKa pucKa He BbINOMHEHa M3-3a OTCYTCTBMA NOMHOMO TekcTa. Mpyn 06beMHEHHOM aHann3e ABYX MCCNefoBa-
Huii (n = 168) 06Hapy)keHa NONOXNTENbHas CBA3b MEX Y MEHbLINM 06bEMOM LUEAKM MATKM W yCMeWHbIMMU ecTe-
CTBEHHbIMM pofilamu B TeueHne 24 yacoB (OTHOLLEHMe WwaHcoB 7,19; 95% noBepuTenbHblit nHTepBan: 3,31-15,64;
I2 = 0%). Mpn 06beanHEHHOM aHann3e NATU UCCNeAoBaHuiA (n = 422) He BbIABIEHO CTAaTUCTMYECKM 3HAYUMOIA
pasHULbl MeXy ycnelHo v HeycnewHoit UPL (pasHuua cpeanux —1,32 cm®; 95% f[0BepUTENbHbIA MHTEPBAN:
-8,37-5,72; I* = 89,8%). AHanu3 NOArpynn He BbIABWA CTAaTUCTUYECKM 3HAYNMOI CBA3M MeXay 06BEMOM LLEN-
KW MaTKu 1 ycnewHon VP npy onpefeneHun CxoAa Kak eCTeCTBEHHble pofbl 683 OrpaHNYeHns No BPEMEHM
NN NPOAOIKMTENBHOCTBIO [0 24 YacoB. BMecTe ¢ TeM CyLLECTBEHHO MEHbLUMI 06BbEeM LEHKN MaTKi OTMeYeH
Y KEeHLLMH, AOCTUTLIMX aKTUBHOI (ha3bl pofoB B CPok 40 12 Yacos. TecT 3rrepa NOATBEpAUA OTCYTCTBME NY6N-
KaLMOHHbIX cMeLeHnit (koadduumeHT = 0,50; cTaHaapTHas owwbka = 1,75; p = 0,78).

3akntouenmne. OnpeaeneHue ob6bema LK MaTKI B Ka4eCcTBe napameTpa Ans NporHo3upoBaHus yenewwHoit NP/
0bnafaeT 3HauYMTENbHbIM NOTEHLMANOM; MEHbLLUVE 3HAYEHNS aCCOLMMPYHOTCA C NYYLIMMM UCXOAaMK, XOTS pesynb-
TaTbl aHannaa NoArpynn oCTatoTCH HEOAHO3HAYHBIMN.

KnioueBble cnoBa: 06beM LLEAKIM MaTKK; YNbTPa3BYKOBasA AWArHOCTMKA; MHAYLMPOBaHHbIE POAbI; ECTECTBEHHbIE
POAbl; KECapeBo CeyeHne.

Py6pukn MeSH:

POJbl NCKYCCTBEHHbIE - METO/ZbI

WEVKA MATKW = AVATHOCTUYECKOE N30BPAYXEHUE

YNBTPACOHOI PAGIUA

OB30P

Ana yntnposanua: KaccasHaH [1., Hontanpom K., YaHtaban [1., TaHacaHTymMpoHrcak C., CyHTunan M. O6beM Luei-
KW MaTKW, OLLEHEHHBbIV M0 YIbTPa3BYKOBOMY MCCNEL0BAHWI0, KaK NPeankTop YCnewHon pogoBoi AeATENbHOCTH: CU-
cTemMaTuyeckuii 0630p 1 MeTaaHanua. CeyeHoBCKMIA BeCTHUK. 2025; 16(3): 4-16. Epub ahead of print 17.09.2025.
https://doi.org/10.47093/2218-7332.2025.1223
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HIGHLIGHTS K/IOYEBDIE MOJIOXXEHNA

Smaller cervical volumes associate with successful vaginal delivery
within 24 hours and aligns with earlier achievement of the active
phase, but not with overall IOL success across studies.

Differences in time-based outcome definitions and measurement
techniques (2D vs 3D) underpin substantial between-study
variability.

Cervical volume may be most informative when interpreted
alongside established clinical and sonographic factors;
standardized measurement and prespecified time windows in
larger, geographically diverse cohorts could clarify its incremental
predictive value.

Induction of labor (IOL) is a common procedure
in the field of obstetrics which is aimed at stimulating
uterine contractions before the onset of labor to
achieve vaginal delivery (VD) [1]. The World Health
Organization reported in 2018 that the prevalence of
IOL reaches 25% in developed countries!. However,
IOL can lead to maternal and fetal morbidity and
mortality [1]. It increases the risk of emergency
cesarean delivery (CD) (odds ratio (OR) 1.89;
95% confidence interval (CI): 1.12 to 3.18) [2],
chorioamnionitis (OR 2.6; 95% CI: 2.0 to 3.4) [3],
postpartum hemorrhage (OR 1.57; 95% CI: 1.2 to
2.04), and uterine rupture or dehiscence at 1.1% (OR
1.62;95% CI: 1.13 to 2.31) [4]. These risks emphasize
the need for pre-induction assessment to predict
successful IOL and minimize adverse outcomes.

The Bishop score is a bedside, pre-induction cervical
assessment that sums dilation, effacement, station,
position, and consistency to estimate the likelihood of
successful IOL. However, because it relies on digital
examination rather than objective imaging, it is inherently
subjective with notable intra- and inter-observer
variability [5, 6], which has driven interest in ultrasound-
based pre-induction assessments. Ultrasonographic
cervical assessment is performed to assess pre-induction
cervical ripening. Common sonographic parameters
for predicting IOL success include cervical length,
uterocervical angle, and cervical elastography which
represents cervical stiffness.

Ultrasonographic cervical assessment shows promise,
but prior studies report variable results, so its predictive
value for IOL outcomes is not fully established [7-11].
Cervical volume, an alternative novel sonographic
measure, may be a predictor of successful IOL. However,

MeHbLUKii 06bEM LIEHKM MaTKN acCcoLMUpoBaH C HacTynaeHueMm
€CTECTBEHHbIX POAOB B TeyeHue 24 yacoB, a Takxe c 6onee
paHHUM BCTYMNeHWeM B aKTWUBHYIO (asy PoAoB, OAHAKO CBA3b
He MOATBEPXKAAETCA B OTHOWEHUM O06wWeld 3hheKTUBHOCTH
MHAYKLNN POLOB.

BbipakeHHasi reTeporeHHOCTb  WUCCef0BaHuiA  06ycnoBJieHa
pasnuyusMM BO BPEMEHHbIX KpUTEpUsX OMpeAeneHus UCXOfoB
1 B MeTofMKax U3MepeHns o6bema Lweiikn Matkm (2D vs 3D).

NHdopMaTUBHOCTb OLEHKM 06beMa Lueitkn MaTKuM MakcuMasbHa
npM  KOMMMEKCHOW OLiEHKE COBMECTHO C  KJIMHWUYECKUMU
W YNbTPasBYKOBbIMM MOKa3aTensiMu. [Ns  yTOUHeHus ee
LOMOHUTENbHOM  MPOrHOCTUYECKOK  LIEHHOCTM  Heobxoauma
CTaHAapTU3auus  MEeTOAMK  W3MEepeHus U MpoBefeHue
MHOTOLIEHTPOBbIX  UCCNEefoBaHWii Ha 6ase reorpaduyecku
AVBEPCUGULMPOBAHHbIX  KOTOPT €  3apaHee  3afjaHHbIMK
BPEMEHHbIMU MHTEPBAIaMU HabNOEHNS.

its efficacy in predicting successful IOL has not yet been
thoroughly explored or reviewed.

Aim of the study: to compare the cervical volume
of patients who underwent successful and failed IOL
procedures.

MATERIALS AND METHODS

This systematic review and meta-analysis were
conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA)
extension statement for reporting systematic reviews
incorporating meta-analysis [12]. Preliminary data was
presented at an international conference?.

Information sources

The databases search was performed covering all
available studies, conference proceedings, dissertations,
and theses published between January 01, 2005 and
December 31, 2024. The studies were identified in
PubMed, EMBASE, Scopus, and via manual searches
using Google Scholar. The final search was conducted
on March 28, 2025.

Eligibility criteria and search strategy

Search terms were developed based on the PECOS
framework  (population, exposure, = comparator,
outcomes, and study design)®. The full search strategy
is presented in Supplement 1 (Supplementary materials
on the journal’s website https://doi.org/10.47093/2218-
7332.2025.1223-annex).

Inclusion criteria:
¢ Population: pregnant women who underwent IOL;
¢ Exposure: the measurement of cervical volume using

ultrasonography via any route (transabdominal,

! WHO recommendations on induction of labour, at or beyond term. World Health Organization; 2022. p 43 (access date: 01.11.2024).

2 Kassayanan P., Chantabal P., Suntipap, M. Ultrasonography cervical volume as a predictor of successful induction of labor in pregnant women
with induction of labor, A systematic review and Meta-analysis. Procedia of Multidisciplinary Research. 2024. 2(10): 99.

5 Collaboration for environmental evidence. Guidelines and standards for evidence synthesis in environmental management. Pullin AS, GK
Frampton, B Livoreil & G Petrokofsky, editors. 2022. http://www.environmentalevidence.org/information-for-authors (access date: 31.07.2025).
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transvaginal, or transperineal), with or without a
specified cut-off value;

¢ Comparator: cervical volume threshold (for studies
with a cut-off value);

¢ Qutcome: at least one definition of successful IOL,
characterized by: VD without a specified timeframe,
VD within 24 hours, and achievement of the active
phase of labor within 12 hours;

e Study design: cohort studies.
Non-inclusion criteria:

¢ Non-English languages that were untranslatable;

¢ The insufficient data for analysis despite three contact
attempts with the authors spaced two weeks apart.

Selection process

Studies were manually and independently screened
by two reviewers (P.K. and P.C.) based on the titles
and abstracts, without the use of automation tools. The
full articles were subsequently reviewed to confirm
inclusion. Any disagreements were resolved through
discussion with a third reviewer (M.S.).

Data collection process

Data was collected independently by two reviewers
(P.K. and P.C.) using a standardized data extraction
form. Extracted data comprised 6 sections: general
study information, study characteristics, participant
characteristics, ultrasonographic cervical volume
assessment details, outcome summaries, and data for
pooling. Study characteristics included the extraction
date, author name, study location, ultrasound type
and name of ultrasound machine, route of ultrasound,
cervical volume measurement methods, participant
demographics, method of IOL, indications of IOL,
pregnancy complications, ultrasonographic cervical
volume, and outcomes of IOL. The researchers classified
‘CD,” ‘not achieving VD, and ‘no achievement of
the active phase of labor’ as failed IOLs to avoid
inconsistency.

Risk of bias assessment

Two reviewers (PK. and P.C.) independently
assessed the risk of bias in the studies using the modified
Newcastle-Ottawa scale, a validated tool for assessing the
quality of non-randomized studies®. This scale evaluates
three domains of bias: selection of the representativeness
of the study participants, comparability between groups,
and ascertainment of outcomes and study factors. Each
item contains a question with three possible answers:
yes, no, or unclear. The scale assigns scores ranging
from O to 9 stars. Individual studies were categorized
according to these stars; those with 7 to 9 stars were
classified as having a low risk of bias, those with 4 to 6
stars as having a moderate risk of bias, and those with 0

to 3 stars as having a high risk of bias. The third reviewer
(M.S.) resolved any disagreements.

Data analysis

Data for pooling was divided into two types: cut-
off data and frequency data. For studies with a cut-
off, a comparator was implicitly defined (e.g., cervical
volume above vs below the threshold), and the data
were analyzed as binary outcomes using OR with 95%
CI. For studies without a cut-off, cervical volume was
considered as a continuous variable, and the data were
pooled using mean difference (MD) with 95% CI.
The cervical volume data was converted to mean and
standard deviation when reported as a median, range, or
interquartile range [13]. A random-effects meta-analysis
was performed to account for potential heterogeneity
across the trials. Leave-one-out sensitivity analyses were
performed to assess the robustness of pooled estimates.
Heterogeneity was assessed using Cochran’s Q test
and Higgins’s I? statistic, where an I> more than 50%
was considered indicative of substantial heterogeneity
[14]. Meta-regression and subgroup analyses were pre-
specified to explore potential sources of heterogeneity,
including outcome definitions, measurement techniques
(2D vs 3D), ultrasound route, parity, IOL indications, and
geographic region. Publication bias was evaluated using
Deeks’ funnel plot and Egger’s test [15]. A two-sided
p-value <0.05 was considered statistically significant,
except for the heterogeneity of Egger’s tests, where
a p-value <0.1 was used. The statistical analyses were
conducted using STATA software package, version 18.0.
(Stata Corp, College Station, Texas, USA).

RESULTS

Study selection

Data were collected from three databases: EMBASE,
MEDLINE, Scopus, and from Google Scholar. Studies
from the reference lists of reviews, protocols, abstracts,
and grey literature were also searched and selected. In
total, 1396 eligible studies were included. Among these,
48 were excluded due to duplication. After screening
the titles and abstracts, seven studies met the inclusion
criteria and were incorporated into the final meta-
analysis (Fig. 1).

Study characteristics

Seven prospective cohort studies [16-22] involving
534 pregnant women evaluated cervical volume via
ultrasonography to predict successful IOL were included.
Five studies [16, 18-21] collected data primarily from
Asia, whereas one study collected data from Africa [20]
and one study from Europe [17]. One study [16] did not
report the baseline characteristics of pregnant women.
Sample sizes ranged from 36 to 126 participants per

4 Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of
nonrandomised studies in meta-analyses. 2000. https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (access date: 04.11.2024).
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Identification of studies via databases and registers

Records identified from
databases (N = 1396):
* MEDLINE (n = 6)

Records removed before
screening:

* EMBASE (n =5)
* Scopus (n = 1151)
* Google scholar (n = 234)

Identification

A 4

Records screened

A 4

¢ duplicate records removed
(n=48)

Records excluded:

n=1348

A4

Reports sought for retrieval

> <ot study of interest
(n=1338)

Records excluded:

n=10

Screening

A 4

Reports assessed for

* not retrieved (n = 1)

Reports excluded:
*due to SRMA (n=1)

eligibility
n=9

A 4

Studies included in review
n=17

=}
7
=}
=
P~
9
=]
—

FIG. 1. PRISMA flowchart.

Note: SRMA - systematic review and meta-analysis.

study (Table 1). Cervical volume was measured using
two techniques: four studies employed three-dimensional
ultrasonography using the Virtual Organ Computer-
aided Analysis (VOCAL) software, while two studies
utilized two-dimensional ultrasonography applying
the cylinder volume formula (mR?h). Five studies used
transvaginal ultrasonography, one study used translabial
ultrasonography, and the ultrasound approach used in one
study was not specified. Two studies reported a specific
cervical volume cut-off value to predict successful IOL.
The definitions of successful IOL varied across studies.
Six studies defined successful IOL as VD, including
four studies defined success as achieving VD within 24
hours and three studies defined success as achieving VD
without a time limit. Two studies defined it as attaining
the active phase of labor within 12 hours (Table 1).

The details of the patients’ characteristics and IOL
methods are available for six eligible studies (Table 2).
The mean age of participants across studies ranged
from 25.7 to 33.0 years and the mean body mass
index - from 24.0 to 30.5 kg/m?% The mean gestational
age varied between 37.7 and 42.3 weeks, and the mean

* same participants to
previous study (n = 1)

estimated fetal weight — from 3174 to 3346 grams. Two
studies enrolled only nulliparous women. Regarding
the IOL methods, one study used only prostaglandin
E1, four studies used prostaglandin E2, one study used
prostaglandin E2 and a Foley’s catheter.

Risk of bias in studies

Risk of bias assessment could not be performed
in one study [16] due to unavailability of the full-text
article. Among the remaining studies, four studies
[17, 20-22] were considered low risk of bias (Fig. 2).
Whereas two studies were regarded as high risk of
bias: one study [18] raised concerns in the domains
of ascertainment of exposure, follow-up period adequacy;,
and comparability, while another study [20] identified
a high risk in the representativeness of the exposed
cohort, ascertainment of exposure, and comparability.

Indication for induction of labor

Six studies reported the indications for IOL
(Table 3). Among IOL, pregnancy-induced hypertension
demonstrated a median prevalence of 11.45%, gestational
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Table 1. Key characteristics of included studies

Author, year Sa:ir;zle VD/CD sE:::lsTfT:; IO(IL cﬁf_’:}:ﬁ:{::"::ﬁ Ultrasound (type, name, method, route)
Rovas, 20052 36 23/13 VD 24 hours NA 3D, Voluson 730, VOCAL, TVS
Rovas, 2005° 36 324 Acg'fel‘;eb‘:)f?z"’;oz'r‘:se NA 3D, Voluson 730, VOCAL, TVS
Kim, 2010 41 3017 Achieved active phase NA 3D, Accuvix XQ, Medison, VOCAL, TVS

of labor 12 hours
Young, 2014 126 88/38 VD NA NA
Esin, 20162 38 29/9 VD NA 3D, Volson, VOCAL, TLS
Esin, 20162 29 20/9 VD 24 hours NA 3D, Volson, VOCAL, TLS
Athulathmudali, 2021 100  63/37 VD 24 hours 28.5 2D, Medison, cylinder volume formula, TVS
ileri, 2023 125 93/32 VD NA 3D, NA, VOCAL, TVS
Elsheikh, 2024 68 37/31 VD 24 hours 27.0 2D, NA, 2D, Medison, cylinder volume formula, TVS

Notes: @ two different outcomes were accessed in the study.
CD - cesarean delivery (failed I0L); IOL - induction of labor; NA - not available; TLS - translabial ultrasound; TVS - transvaginal ultrasound;
VD - vaginal delivery (successful I0L); VOCAL - Virtual Organ Computer-Aided Analysis; 2D - two-dimensional view; 3D - three-dimensional view.

Table 2. Baseline characteristics of participants

Author, year Mean age, year Mean BMI, kg/m? Nulliparous, % Mean GA, weeks Mean EFW, g 10L method % Foley, %
Rovas, 2005 33.0 30.5 47 423 NA PGE, (100) NA
Kim, 2010 28.5 26.6 100 37.7 3174 PGE, (100) NA
Young, 2014 NA NA 100 NA NA NA NA
Esin, 2016 25.7 304 50 41.0 3346 PGE, (69.6) 30.4
Athulathmudali, 2021 28.4 24.0 71 39.9 3071 PGE, (100) NA
ileri, 2023 27.6 28.7 50.4 38.8 3179 PGE, (100) NA
Elsheikh, 2024 25.7 26.9 NA 38.9 3181 PGE, (100) NA

Note: BMI - body mass index; EFW - estimated fetal weight; GA - gestational age; IOL - induction of labor; NA - not available; PGE, -
prostaglandin E1; PGE, - prostaglandin E2.

Table 3. Indication for induction of labor of included studies

Author, year PHH, % GDM, % FGR, % OHA, % PTR,% PROM,% LGA, % NRFS, % MC, %
Rovas, 2005 7.9 NA 7.9 68.4 7.9 NA 7.9 NA NA
Kim, 2010 14.6 9.8 19.5 4.9 NA NA 29.3 NA 19.5
Young, 2014 NA NA NA NA 100 NA NA NA NA
Esin, 2016 8.3 NA 8.3 18.8 64.6 NA NA NA NA
Athulathmudali, 2021 6.0 33.0 NA NA 61.0 NA NA NA NA
ileri, 2023 20.0 7.2 22.4 12.0 21.6 NA NA 11.2 4.8
Elsheikh, 2024 17.2 7.8 NA 6.3 20.3 28.1 NA NA 20.3

Note: FGR - fetal growth restriction; GDM - gestational diabetes mellitus; LGA - large for gestational age; MC — maternal condition; NA - not
available; NRFS - non-reassuring fetal status; OHA - oligohydramnios; PIH - pregnancy-induced hypertension; PROM - premature ruptured
of membrane; PTP - post-term pregnancy.

diabetes mellitus - 8.8%, fetal growth restriction -  positive association between lower cervical volume and
13.90%, oligohydramnios - 18.76%, post-term  successful VD within 24 hours (OR 7.19; 95% CI: 3.31
pregnancy - 41.30%, premature ruptured of membrane -  to 15.64; t2> = 0.00; I? = 0%; 95% predictive interval
28.1%, large for gestational age — 18.6%, non-reassuring  (approximate, normal-quantile due to only two studies):
fetal status - 11.2%, maternal condition - 19.5%. 3.31 to 15.64; Fig. 3A).

Maternal outcomes Mean cervical volume and successful VD and CD

Cervical volume cut-off value and successful VD Five studies involving 422 pregnant women reported
within 24 hours cervical volume without specific cut-off values. Notably,

Two studies involving 168 pregnant women  Esin et al. [19] reported data for two predefined outcome
evaluated cervical volume using different cutoff values  definitions: VD without a specified timeframe and
of 27 cm?® and 28.5 cm®. Pooled analysis demonstrated VD within 24 hours, which were analyzed separately.
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D3 Overall

Rovas, 2005

Kim, 2010

Esin, 2016

Athulathmudali, 2021

lleri, 2023

Elsheikh, 2024

Judgement

I Low

D1: Selection
D2: Comparability
D3: Outcome

FIG. 2. Traffic light plot for cohort studies using the modified Newcastle-Ottawa scale.

Note: D1 - selection domain; D2 — comparability domain; D3 - outcome domain.

The pooled analysis showed no statistically significant
difference between successful and failed IOL (MD
-1.32 cm?; 95% CI: -8.37 to 5.72; I* = 89.8%; Fig. 3B).
The mean cervical volume in successful IOL ranged from
23.99 with 6.04 cm® to 44.17 with 8.66 cm®, whereas
in failed IOL - from 30.1 with 14.7 cm® to 48.07 with
11.34 cm® Two studies found a significant difference
in cervical volume between successful and failed IOL:
36.21 with 9.62 cm3vs. 48.07 with 11.34 cm® (p < 0.01)
[17] and 23.99 with 6.04 cm® vs. 29.80 with 7.38 cm?®
(p = 0.02) [22], respectively.

Subgroup analysis

The sources of heterogeneity were explored among the
studies using subgroup analysis. Three studies involving
289 pregnant women defined successful IOL as VD
without a timeframe. The pooled analysis showed that
women with successful VD had a lower mean cervical
volume (MD -6.88 cm? 95% CI: —14.6 to 0.83 cm3;
I? = 83.5%) without a statistically significant difference
(Fig. 4A). Exclusion of the outlier study by Young et al.
[16] reduced heterogeneity to zero (I* = 0%) but did not
change the non-significant difference between groups
(MD -2.54 cm?; 95% CI: -6.19 to 1.11; Fig. 4B).

Three studies involving 133 pregnant women defined
a successful IOL as a VD within 24 hours. The pooled
analysis demonstrated no significant difference between
the two groups (MD 5.23 ecm3; 95% CI: 2.27 to 8.19; I* =
0; Fig. 4C)

Two studies involving 77 pregnant women defined
successful IOL as actively going into labor within

CEYEHOBCKWM BECTHUK T. 16, Ne 3, 2025 / SECHENOV MEDICAL JOURNAL VOL. 16, No. 3, 2025

12 hours. Pregnant women who achieved the active phase
of labor had a lower mean cervical volume compared
with those who did not (MD -5.73 cm3; 95% CI: -10.64
to -0.81; I* = 0%, 95% predictive interval (approximate,
normal-quantile due to only two studies): -10.64 to
-0.81; Fig. 4D).

Publication bias

Visual inspection of the contour-enhanced funnel plot
demonstrated no substantial asymmetry (Fig. 5). Egger’s
regression test confirmed the absence of small-study
effects (coefficient = 0.50, standard error = 1.75,
p = 0.78), indicating no evidence of publication bias.

DISCUSSION

This systematic review and meta-analysis evaluate
the association between cervical volume and successful
IOL. The aggregated data from seven prospective cohort
studies suggest that cervical volume, as an objective
sonographic parameter, may have a clinically meaningful
predictive value in estimating the probability of successful
IOL. Specifically, pooled results demonstrate that lower
cervical volume cutoff values (less than 27 to 28.5 cm®)
are strongly associated with VD within 24 hours (OR
7.19), although the estimate has wide precision (95% CI:
3.31-15.64).

When compared with the Bishop score for predicting
successful IOL, reported ORs for achieving VD within a
specified timeframe ranged from 2.15 to 4.22 [6]. Other
ultrasonographic cervical parameters demonstrated a
similar direction of association. For example, cervical
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A VD cD

Author,Year Low* High* Low* High*

Odds ratio
with 95% ClI

Weight
(%)

Athulathmudali, 2021 58 5 22 15

7.91[2.57, 24.36] 47.70

Elsheikh, 2024 29 8 11 20

Overall

Heterogeneity: 1° = 0.00, I> = 0.00%, H? = 1.00
Test of 6, =6;: Q(1) = 0.05, p=0.82

Testof 6=0:z=4.98, p=0.00

6.59[2.25, 19.30] 52.30
7.19[3.31, 15.64]

4 8 16
Random-effects REML model
* cervical volume high* Low*

B VD CD MD* Weight
Author, Year N Mean* SD N Mean* SD with 95% CI (%)
Rovas, 2005 23 36.2 10.2 13 341 123 —-L.— 2.05[ -5.41, 9.51] 17.01
lleri, 2023 93 442 87 32 464 115 —- -2.25[ -6.04, 1.54] 19.81
Esin, 2016 29 352 179 9 414 179 L -6.20[-19.59, 7.19] 11.95
Esin, 2016 20 371 192 9 31.0 147 i 6.10[ -8.05, 20.25] 11.38
Elsheikh, 2024 40 29.8 7.4 28 240 6.0 . B 581[ 250, 9.12] 20.09
Young, 2014 88 362 9.6 38 481 113 -+ -11.86 [ -15.73, -7.99] 19.77
Overall - -1.32[ -8.37, 5.72]
Heterogeneity: T° = 61.47, I = 89.77%, H> = 9.77
Test of 6, = 6;: Q(5) = 48.86, p = 0.00
Testof8=0:z=-0.37,p=0.71

T 1

Random-effects DerSimonian—Laird model -2|0

* cervical volume

FIG. 3. Forest plots showing weighted effect.
A. Cervical volume cut-off value.
B. Mean cervical volume.

Notes: * cervical volume.

40 0 10 20

Favors VD (lower*) — — Favors CD (higher®)

CD - cesarean delivery; Cl - confidence interval, MD — mean difference; VD - vaginal delivery.

length with cut-off values of 25 mm, 32 mm, and 40 mm
yielded ORs of approximately 5.52, 7.88, and 7.78,
respectively, for predicting VD within 24 hours [10].
The presence of cervical wedging was associated with
an OR of approximately 2.14 [10], cervical elastography
with an OR of 2.97 [8], and the uterocervical angle with
an OR of about 4.33 for predicting successful IOL [7].
Based on these findings, cervical volume appears to have
a stronger association with successful IOL than other
ultrasonographic cervical parameters. However, only two
studies [20, 22] provided data on cervical volume, which
limits the robustness of this conclusion. In addition,
this analysis did not directly compare cervical volume
with other ultrasonographic cervical parameters within
the same study populations. Variations in the definitions
of outcomes, especially differences in the timeframe
from induction to delivery, may further reduce the
comparability of results across studies.

This review evaluated the criteria for defining the
timing of successful IOL as a notable outcome. Studies
of cervical volume without cut-off values underwent

subgroup analysis for specified versus unspecified
time in the VD outcome. Smaller cervical volume was
associated with successful VD and the achievement of
an active phase within 12 hours. However, the results
indicated the opposite for successful VD without
timeframe, where larger cervical volume was associated
with VD within 24 hours. Therefore, the reliability of
these findings may be limited due to the small number
of included studies and the possibility that the timeframe
used to define successful IOL is overly restrictive.
Clinicians evaluating the probability of VD should
interpret these results cautiously, as strict time-based
definitions, such as requiring VD within 24 hours, may
reduce the applicability of the study’s results.

Both VD and achievement of the active phase of labor
showed a high level of heterogeneity. A subgroup analysis
was performed to explore the sources of heterogeneity
in the included studies based on the varying definitions
of outcomes [23]. When subgrouping by VD without
timeframe, I* decreased, indicating that one of the
sources of heterogeneity was the definition of outcomes
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A VD cD MD* Weight
Author, Year N Mean* SD N Mean* SD with 95% CI (%)
lleri, 2023 93 442 8.7 32 464 115 —- -2.25[ -6.04, 1.54] 40.53
Esin, 2016 29 352 179 9 414 179 1 -6.20[-19.59, 7.19] 19.10
Young, 2014 88 36.2 9.6 38 481 113 —— -11.86 [ -15.73, -7.99] 40.37
Overall T -6.88 [ -14.60, 0.83]

Heterogeneity: 7 = 34.51, I” = 83.48%, H* = 6.05
Test of 6, = 8;: Q(2) = 12.11, p = 0.00
Testof 6=0:z=-1.75, p =0.08

o -20 -10 0 10
Random-effects DerSimonian—Laird model
*cervical volume Favors VD (lower*) — — Favors CD (higher*)
B VD CD MD* Weight

Author, Year N Mean* SD N Mean* SD with 95% CI (%)
lleri, 2023 93 442 87 32 464 115 —i—— -2.25[ -6.04, 1.54] 92.57
Esin,2016 29 352 179 9 414 179 -6.20[-19.59, 7.19] 7.43
Overall P e -2.54[ -6.19, 1.11]
Heterogeneity: 7 = 0.00, I = 0.00%, H* = 1.00

Test of 6, =6;: Q(1) =0.31, p=0.58

Testof 6=0:z=-1.37,p=0.17

I T 1
Random-effects DerSimonian—-Laird model -20 -10 0 10
* cervical volume Favors VD (lower*) — — Favors CD (higher*)
C VD 24 hours No VD 24 hours MD* Weight

Author, Year N Mean* SD N Mean* SD with 95% ClI (%)
Rovas, 2005 23 362 102 13 341 123 0 2.05[-541, 9.51] 15.75
Esin, 2016 20 371 192 9 31.0 147 6.10[-8.05, 20.25] 4.38
Elsheikh, 2024 40 298 74 28 240 6.0 I 581[ 2.50, 9.12] 79.86
Overall 523[ 2.27, 8.19]

Heterogeneity: 1° = 0.00, I* = 0.00%, H? = 1.00
Test of 6, = 6;: Q(2) = 0.83, p = 0.66
Testof 6 =0:z=3.46, p =0.00

Random-effects DerSimonian-Laird model -10 0 10 20

eanedl valime Favors VD 24 hrs (lower*) « — Favors No VD 24 hrs (higher*)

D Active phase 12 hours No active phase 12 hours MD* Weight
Author, Year N Mean SD N Mean SD with 95% CI (%)
Rovas, 2005 b 74 346 11.0 19 389 11.1 1 -4.25[-11.47, 2.97] 46.28
Kim, 2010 30 31.00 10.5 11 38.0 6.9 i -7.00[ -13.70, -0.30] 53.72
Overall —e -5.73 [ -10.64, -0.81]

Heterogeneity: 7 = 0.00, I* = 0.00%, H? = 1.00
Test of 6, =6;: Q(1) =0.30, p = 0.58
Testof 8=0:z=-2.28, p=0.02

Random-effects DerSimonian-Laird model -1I 5 -1|0 -‘5 0 5

*cervical volume Favors active phase 12 hours (lower*) — — Favors no active phase 12 hours (higher*)

FIG. 4. Forest plots showing subgroup analysis.

A. Outcome without timeframe.

B. Outcome without timeframe (sensitivity analysis).
C. Outcome within 24 hours.

D. Outcome within 12 hours.

Notes: * cervical volume.
CD - cesarean delivery; Cl - confidence interval; MD — mean difference; VD - vaginal delivery.
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FIG. 5. Funnel plot for a meta-analysis of 7 cohort studies.

within a timeframe. Therefore, the interpretation of the
results caused inconsistencies. Additionally, a sensitivity
analysis for the outcome of VD within 24 hours was
performed by excluding one study [16]; this method
could clarify the source of heterogeneity when I? was
reduced. However, other factors including maternal
age, body mass index, gestation age, nulliparity, type
of ultrasound, methods of IOL, and indication for IOL,
might also have contributed to heterogeneity, because I*
was not reduced after analysis of these variables.

Furthermore, cervical volume measurement
techniques, using either 2D or 3D, influenced the
variability of the results in this study. Subgroup analysis
of studies employing 2D ultrasonography showed lower
heterogeneity than when 2D and 3D were combined.
Although 2D cervical volume measurement is simpler
and more accessible, it assumes a uniform cylindrical
shape of the cervix, which may not precisely reflect
cervical anatomy, whereas the 3D technique offers
potentially more accurate volume estimation. However,
this technique is operator-dependent and requires
specific skills and experience, which may contribute to
inter-observer variability [24].

For risk of bias assessment, although most
observational studies were considered to have a low
risk, careful interpretation is still needed, particularly
regarding potential issues with cohort comparability and
outcome measurements. In terms of publication bias,
although Egger’s test did not demonstrate a significant
small-study effect and the funnel plot appeared
generally symmetrical, the ability to detect asymmetry
is limited due to the small number of included studies.
Therefore, any conclusions that are drawn regarding
publication bias should be made cautiously. While
contour-enhanced funnel plots help visualize study

distribution, any observed asymmetry may reflect true
heterogeneity, methodological variation, or selective
publication.

This study assessed specific outcomes, including
successful VD and achievement of the active phase of
labor, and analyzed subgroups by specified versus non-
specified timeframe, which provided a more precise
context for interpretation and reduced heterogeneity.
Although the association among included studies was
similar for VD without a timeframe, heterogeneity was
substantial, with one study contributing a markedly high
MD. A sensitivity analysis was therefore conducted to
explore potential sources of heterogeneity. The results
indicated that pregnant women with successful VD had
a smaller cervical volume than those without. Sources of
heterogeneity were further explored based on different
clinical definitions to improve consistency. Additionally,
inclusion was not restricted to published papers. Other
relevant sources were considered to make the evidence
base as diverse and comprehensive as possible, reduce
the publication bias, and to make sure the findings are as
valid as can be.

Limitations of the study

This meta-analysis has several limitations. First, it
included only seven studies, rendering it statistically less
compelling and reducing the confidence in the pooled
estimates. Second, most studies were conducted in
Asia, with only one each from Europe and Africa. This
geographic imbalance may reflect differences in clinical
practice and available resources, which could affect the
generalizability of our findings. Third, cervical volume
was measured using different ultrasound modalities
(2D vs 3D). Currently, no standard method exists, and
thus there is an element of measurement variability.
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Fourth, some studies had a high risk of bias, especially
in exposure ascertainment, follow-up adequacy, and
comparability. One study could not be assessed due
to the lack of access to the full-text. Fifth, conflicting
findings were observed regarding cervical volume and
VD, possibly due to the timeframe used (within 24 hours
vs any time), which may influence the interpretation.
Lastly, substantial heterogeneity was present, likely
exacerbated by the small number of included studies.
All of these factors should be taken into consideration
when interpreting the results. Of course, further research
is needed to confirm all these findings.

Directions for further research

This study supports the potential role of cervical
volume in predicting successful IOL, but several
aspects require further investigation. First, standardized
measurement methods should be developed to reduce
variability in techniques (e.g., 2D vs 3D, use of VOCAL
vs cylinder volume formula, and ultrasound approach),
which can affect measurement reliability. Second, studies
with larger and more diverse populations are needed to
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SECHENOV //\ Validation of specially designed and artificial intelligence-based 3D head model for training
L

AT O of Gasserian ganglion puncture
[“GRaphicaL assTRACT | * Y

Summary

3D head simulation model for foramen ovale puncture, that is highly realistic and valuable for training, has
been developed: procedure time was significantly reduced, the number of puncture attempts decreased,
and the incidence of complications involving damage to anatomical structures was lowered.

Materials and methods
. Pre-course test
Residents

n=28
Physicians 3.7
n=10
26.3%

Training for foramen ovale puncture
on a simulator

Post-course test

3D head model created Validation

Difference in puncture results before and after training

PEEmEES Physicians Residents Complications Physicians Residents
(n=10) (n=28) associated with (n=10) (n=28)
Puncture time, s ~96 V¥ -2892V Inferior orbital fissure damage, n -05 -1 v
Jugular foramen puncture, n -1 -2VY
Attempts to puncture the 4y -4 vy ¢ B v v
foramen ovale, n : External opening of the carotid 1y —2 VY

canal puncture, n
Total number of
complications, n -26 v -56VV Foramen lacerum puncture, n -05 -1v

Sufianov R.A,, Garifullina N.A., Zyryanov A.N., et al. Validation of specially designed and artificial
intelligence-based 3D head model for training of Gasserian ganglion puncture. Sechenov Medical Journal.
2025; 16(3): 17-30. Epub ahead of print 29.09.2025. https://doi.org/10.47093/2218-7332.2025.1237

At |

Aim. To design, develop and validate a 3D head simulation model for foramen ovale puncture, incorporating computer
vision-based artificial intelligence (Al) technologies.

Materials and methods. A 3D simulation model with Al integration was developed in the prototyping laboratory. Its
effectiveness for surgical training was evaluated by two groups: neurosurgeons with five or more years of experience
(n =10) and residents (n = 28). Training outcomes were assessed using the following parameters: intervention time,
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number of puncture attempts until they achieved the first one without any complications, number of complications
involving critical anatomical structures. The validity was assessed using a Likert scale.

Results. Before the training session, the groups differed in terms of the time spent on the procedure, the number of
puncture attempts and the number of complications involving critical anatomical structures. Post-training intervention
time decreased by 50% in both groups, the number of puncture attempts reduced by 50.0% in physicians and by
60.3% in residents. The cumulative number of complications declined by 57.8% in physicians and by 59% in residents.
Likert scale analysis revealed no statistically significant differences between groups across all parameters. The
feasibility and educational effectiveness of the model were rated as 4 or 5 by 90% of participants in both groups.
Anatomical realism received a score of 4 or 5 from 90% of physicians and 100% of residents. Radiographic realism
received a score of 4 or 5 from all participants. The cost of creating a simulator, excluding the cost of a 3D printer,
was 22,685 rubles.

Conclusion. The developed 3D simulation model with Al integration significantly improved training outcomes both
in physicians’ and residents’ groups. The use of standard prototyping equipment provides a cost-effective, radiation-
free alternative for widespread implementation in neurosurgical education.

Keywords: computer vision; 3D reconstruction; simulation model; foramen ovale; trigeminal neuralgia; neuronavigation
system
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AHH 07T Ly

Lienb. CripoekTnpoBaTh, pa3paboTatb 1 BanaupoBaTb 3D-mMofenb ronoBbl AN NYHKLMW OBaNbHOrO OTBEPCTHS,
MCNONb3Ys TEXHOMO MM UCKYCCTBEHHOTO MHTennekTa (VM) Ha 0CHOBE KOMMbIOTEPHOTO 3pEHNS.

Marepuanbl u MeToabl. B nabopatopui NpOTOTMNMPOBAHNS pa3paboTaHa TPEXMEpHas CUMyNALUUOHHAs MOAENb
C uHTerpauveit M. Ee ahGeKTBHOCTb ANS XMPYPrMYeckoro 0byveHus OLEeHWBanach B ABYX rpynnax: Heipoxu-
pypru ¢ onbIToM pa6oTbl NATb 1 6onee neT (n = 10) u oparHaTopbl (n = 28). PesynbTaTbl 06y4eHNs OLEeHNBaIUCh
Mo BPEMEHW BMELLATENbCTBA, KONMYECTBY MOMbITOK NYHKUWM A0 NEPBOMA NOMbITKM 6€3 0CNOXHEHUIA, KONUYECTBY
OCITOXXHEHWI, CBA3AHHbIX C MOBPEXAEHWEM KPUTUYECKMX aHaTOMUYECKMX CTPYKTYp. BanuAHOCTb OLeHuBanachb
C NMOMOLLbIO WKanbl JlaikepTa.

Pesynbrartbl. [10 06y4eHns rpynnbl pasnuyanicb No BPEMEHM, 3aTPAYEHHOMY Ha BMELLIATENbCTBO, KOMMYECTBY MO~
MbITOK MYHKLWW 1 KONMYECTBY OCNIOXHEHWI, CBA3aHHbIX C NMOBPEXLEHNEM KPUTUYECKNX aHATOMUYECKMX CTPYKTYP.
Mocne 06y4eHnss BpemMs BMELIaTeNbCTBa COKPATUNOCh Ha 50% B 0benx rpynnax, KOMMYecTBO MOMbITOK MyHKLWN
yMeHbluunoch Ha 50,0% y Bpaveit v Ha 60,3% y opauHaTopoB. Obuiee YNCNO OCNOXHEHWA CHU3MAOC Ha 57,8%
y Bpayeit 1 Ha 59% y opanHaTopoB. AHanU3 LKanbl J1aiikepta He BbIgBUA CTATUCTUYECKM 3HAYMMbIX Pasnnyuii
MexXay rpynnamu no Bcem napameTpam. OCcyLecTBUMOCTb M 06pa3oBaTeNibHas SQMEKTUBHOCTb MOAENH OblK OLle-
HeHbl Ha 4 nnn 5 6annos 90% y4acTHUKOB B 06eKx rpynnax. AHaTOMUYecKas PeanncTUYHOCTb NOMyYuna OLEHKY
4 unn 5y 90% Bpaveit n 100% opAMHATOPOB. PeHTreHorpaGuyecknii peanam noayynsn oueHky 4 unm 5 ot Beex
y4acTHMKOB. CTOMMOCTb CO3/1aHNsi CUMYATOPA, He y4uTbIBas CTOMMOCTb 3D-NpuHTEpa, cocTaBuna 22 685 py6neii.
3aknioyenne. PaspaboTaHHas 3D-CUMyNAUMOHHAS MOAENb C MHTErpaumneil UCKYCCTBEHHOTO MHTENNEKTa 3HAuM-
TeNbHO YNyULIMAa pe3ynbTaTbl 06y4eHWs Kak B rpynne Bpayei, Tak 1 B rpynne OpanHaTopoB. VIcnonb3oBaHme CTaH-
[apTHOrO 060PYAOBaHUS AN NPOTOTUNMPOBAHNSA NPeACTaBASET COOOM IKOHOMUYECKU dQDEKTUBHYIO, 6e3paamna-
LIMOHHYIO anbTepPHATUBY N5 LUMPOKOrO BHEAPEHUS B HEMPOXMPYPruyeckoe 06pasoBaHie.

KnioueBbie cnoBa: KOMMbIOTEPHOE 3peHNe; 3D-peKOHCTPYKLMS; CUMYNALMOHHAA MOAENb; OBaNbHOE OTBEPCTUE;
HeBpanrys TPOMHUYHOTO HEPBA; CUCTEMA HEpOHaBHraLmum

Py6pukn MeSH:

TPOVHMYHOIO HEPBA HEBPANTT A — OVATHOCTUYECKOE M30BPAXEHUE

TPOVMHMYHOIO HEPBA HEBPATT S - TEPAMNUA
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TPOMHNYHOIO HEPBA TAHTINIA — AUATHOCTUYECKOE M30BPAXEHUE

TPOMHNYHOIO HEPBA TAHTINIA - XUPYPI IS

MYHKUWW - METObI

TPEXMEPHOT O M30BPAXEHWSA MOCTPOEHME

NCKYCCTBEHHbIA MHTENNEKT
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TeNneKTa AN 06y4eHns NyHKLMK raccepoBa y3na. CeuyeHoBCKMiA BecTHUK. 2025; 16(3): 17-30. Mybankaums oHnaiiH
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HIGHLIGHTS KNIOYEBBIE MOJIOXKEHUA

The usage of the Inobitec DICOM Viewer software and Autodesk
3D Max software packages allows you to develop an individual
simulator based on the initial MRl and CT DICOM data of the patient
for preoperative training foramen ovale puncture in trigeminal
neuralgia.

The usage of a conductive filament and an electroactive puncture
needle provides immediate feedback, effectively minimizing the
risk of the developing incorrect skills in case of trajectory deviation
of the puncture needle.

After training on the simulator undertaken by neurosurgeons (with
more than 5 years of experience) and residents, the intervention
time, the number of puncture attempts and the frequency of
complications significantly decrease.

The paradigm of a competency-based surgical
education is intrinsically linked to the structured
training of specialists [1]. A key strategy for preparing
neurosurgical trainees involves combining rigorous
theoretical instruction with accessible practical

20

Mcnonb3oBaHue nporpamMMHblx naketoB Inobitec DICOM Viewer
software n Autodesk 3D Max software nosBonser paspabortatb
WHOMBMAYANbHbI CUMYNATOP Ha OCHOBE ucxogHbix DICOM
JaHHbIX MNauueHTa, NONYYEHHbIX MPW  MarHUTHO-PE30HAHCHOM
U KOMMbtoTepHOI Tomorpaduu, Ans npesonepaLyMoHHON 0TpaboTKm
NYHKLMM OBasIbHOrO OTBEPCTMA NPU HEBPANrMM TPOHHUYHOTO HEPBA.

Wcnonb3oBaHue TOKOMPOBOASLLEro (MnamMeHTa 1 3NeKTPOAKTUBHON
MYHKLMOHHOM UMbl 0GECNIeYNBAET HEMELIEHHYIO 06PATHYHO CBA3b,
yto 3(heKTUBHO MpefoTBpalLaeT (HOPMMPOBaHUE HEMpaBUIIbHBIX
HaBbIKOB B C/ly4ae ieBUaL1 TPAeKTOPUN MyHKLIMOHHOI UMb,

Mocne 06y4eHUs Ha CUMYNATOPE HeApoXMpyproB (C OMbITOM
Gonee 5 NeT) W OPAMHATOPOB 3HAYMMO CHUXKAETCA BpeMms
BMeLIaTeNbCTBa, KONMYECTBO MOMbITOK MYHKLUWM W yacTtoTa
OCNOXHEHWIA.

experience [2]. Today, challenges in literature
accessibility are largely addressed through global open-
access archives of medical publications [3]. However, the
limited duration of residency and the potential for fatal
complications arising from intraoperative neurosurgical
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errors constrain the acquisition of hands-on surgical
skills [4].

In the current literature, little attention is paid to
simulation models for training puncture techniques in
the treatment of trigeminal neuralgia [5]. D.B. Almeida
et al. [6] described a method for creating a model for
practicing puncture treatment of trigeminal neuralgia
based on a cadaveric skull, in which the authors used
a skull with a movable lower jaw actuated by springs,
preserved spatial dimensions for the silicone structure,
and applied a latex mask to enhance realism. A similar
model based on a cadaveric skull was presented by
Y.Q. He et al. in 2014 [7], with the distinctive feature of
incorporating a silicone Gasserian ganglion (GG).

While cadaveric dissection remains the gold
standard for technical training, legal, ethical, and
financial constraints have led to a yearly decline in
cadaver availability [5]. The active integration of
artificial intelligence (AI) and engineering technologies
in medicine has transformed approaches to surgical
education [8].

The procedural target in trigeminal neuralgia
punction is the GG, which is most safely and effectively
accessed via the foramen ovale (FO) of the skull base
[9]. Performing GG puncture under radiologic guidance
requires additional hand-eye coordination, as it relies on
fluoroscopic trajectory alignment without direct visual
feedback. However, fluoroscopic guidance limits training
time due to the negative effects of ionizing radiation
[10]. Emulating C-arm functionality via computer vision
technologies can offer a safe and accessible training
solution.

Aim of the study: to design, develop and validate a
3D head simulation model for FO puncture, incorporating
computer vision-based Al technologies.

MATERIALS AND METHODS

This study consisted of two parts: the design of a
3D head model using AI (01.05-17.06.2024), and the
evaluation of its training validity (15.08-01.10.2024).

Part 1. Development of the 3D head model

Pseudonymized magnetic resonance imaging and
computed tomography data in DICOM format from
one patient with trigeminal neuralgia were utilized to
construct the 3D model. A detailed research protocol was
developed to guide the modeling of specific anatomical
structures: cerebral arteries (based on 3D time of flight
magnetic resonance angiography), cranial nerves (fast
Spoiled Gradient Echo based on magnetic resonance
imaging), and the skull (computed tomography imaging).

Using the Inobitec DICOM Viewer software (Inobitec
DICOM Viewer Pro licensed software, Inobitec LLC,
Russia), artifact removal and segmentation were
performed for the following structures based on native
DICOM data: the skull base, contact zones in the skull
base region (including the inferior orbital fissure, jugular

HEMPOXUPYPI UK

foramen, external opening of the temporal carotid canal,
lacrimal foramen and spinous foramen), GG, and internal
carotid artery (Fig. 1A).

The segmented data were exported in STL format to
Autodesk 3D Max software (3ds Max licensed software,
Autodesk Inc., USA), where the following elements were
modeled: a hinge mechanism to simulate the mobility of
the temporomandibular joint, GG (including maxillary,
mandibular, and orbital branches), a non-anatomical
Meckel’s cave (a cavity within the GG aligned with
the triangular plexus projection), a tube for housing
electronic components, a stand for the 3D head model,
a LED screen, negative skin molds for silicone casting,
and custom molds for silicone containers (Fig. 1B-F).

Autodesk 3ds Max data were exported to PrusaSlicer
software (open-source license, Prusa Research, Czech
Republic) to prepare for printing on a Hercules Strong
DUO 3D printer (IMPRINTA Russia) with a TwinHot
dual extruder head, using fused deposition modeling
technology. The resulting file was saved in GCODE
format.

Two extruders were used simultaneously to fabricate
the skull base. The first extruder, loaded with white ABS
plastic, printed the main non-electroactive volume of
the skull with 100% filling to simulate the density of the
bone structure. The second extruder used electrically
conductive black filament U3 Flex Conductive to print
the electroactive areas of the skull. The conductive
properties of the material were achieved through its
composition, which included thermoplastic polyurethane
and carbon nanotubes. In addition, 3D models of internal
carotid artery and GG were printed using the conductive
filament. In contrast, components such as the electronic
tube housing, the head model stand, LED screen frame,
negative skin molds for silicone casting, and negative
molds for tip production were printed with PL.A plastic.

To create skin models, the printed silicone molds
were treated with a wax-based release spray lubricant.
For casting, Ecoflex 00-10, a platinum-based silicone
system, was mixed with POLYMER O coloring pigment
paste and degassed using a vacuum compressor prior to
pouring. The silicone system was poured into the prepared
mold. The skin model was bonded to the skull using SIL-
POXY, a silicone-based adhesive. For simulation of the
dura mater, the Platset 20 silicone system was applied
to the inner surface of the skull model. To recreate the
Meckel cavity, the negative tip mold was coated with
silicone to form a balloon-like structure, which was
fixed to the electronic tube with SIL-POXY adhesive.
The silicone tube was connected to a 20 mL syringe that
delivered pressurized water.

After preparation of all components, the electroactive
zones were connected to the electronic unit with flexible
copper fluoroplastic-insulated stranded wires. Light and
sound signaling of instrument contact detection with
electroactive zones of the skull base, as well as with 3D
models of the internal carotid artery and GG, was carried
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FIG. 1. 3D head model created by Inobitec and Autodesk 3D Max software.

A. The 3D model of the skull base with highlighted contact and non-contact zones (Inobitec software): 1 - foramen ovale (green
color), 2 - foramen spinosum (turquoise color), 3 - external opening of the carotid canal (lilac color), 4 - foramen jugulare (blue
color), 5 - foramen lacerum (pink color), 6 - inferior orbital fissure (dark blue), 7 - adjacent non-contact zones (red color).

B. The 3D model of the skull base with highlighted contact and non-contact zones (both marked in turquoise, Autodesk 3D Max
software).

C. The 3D model of the Gasserian ganglion and internal carotid artery (Autodesk 3D Max software): 1 - maxillary and mandibular
zones of the Gasserian ganglion, 2 — ophthalmic branch of the Gasserian ganglion, 3 - internal carotid artery.

D. The 3D model of the Gasserian ganglion with a simulated Meckel’s cave (Autodesk 3D Max software): 1 - maxillary and
mandibular zones of the Gasserian ganglion, 2 - ophthalmic branch of the Gasserian ganglion, 3 - non-anatomic Meckel’s cave
(cavity inside the Gasserian ganglion in the triangular plexus projection).

E. The 3D printed form for silicone casting of the external part of the skin in collapsible mold (Autodesk 3D Max software):
1 - 3D printed model of the negative mold for skin filling, 2 - 3D model of the skull for skin filling, 3 - container for additional
volume of silicone, 4 - ventilation holes for degassing.

F. The 3D model of the LED screen (Adobe 3D Max software).
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out by detecting electrical resistance in the “conductive
plastic - puncture needle” circuit (Fig. 2A-F).

In addition to the conductivity of the needle, a special
QR code was printed and attached to the end of the
needle to apply computer vision technology.

The “conductive plastic - puncture needle” circuit
was implemented via a programmable multichannel
electronic unit based on Arduino Nano microcontroller
(open-source hardware and software platforms,
Arduino Software, Italy). Expansion of analog input
capacity was achieved using a 16-channel multiplexer
(CD74HC4067), while output expansion for LED
signal indicators was facilitated using 74HC595 shift
registers. LED indication was realized by means of
SMD 5730 type LEDs and 15 Ohm current-limiting
resistors. A circuit diagram of the 3D head model
operation based on the ARDUINO microcontroller is
presented in Supplement A (Supplementary materials
on the journal’s website https://doi.org/10.47093/2218-
7332.2025.1237-annex-a).

White LEDs, responsible for detection of the skull
base zones, were installed at designated positions on
the LED screen, each separated by plastic dividers
to minimize the scattering of the light flux around the
perimeters of certain zones. Additionally, green LED
(Ledl) and red LED (Led2) were mounted at the base of
the LED screen to indicate puncture needle contact with
the GG and internal carotid artery, respectively. The total
cost of consumables was 22,685 rubles.

The time spent on modeling was 5 days, production
of the 3D model - 2 days, work with electronics and
programming - 4 days. The total cost of consumables was
22,685 rubles (Supplementary materials on the journal’s
website https://doi.org/10.47093/2218-7332.2025.1237-
annex-b).

Finally, a portable neuronavigation system was
developed to reduce radiation exposure for trainees.
To simulate the puncture intervention, an integrated
hardware-software complex utilizing computer vision
technologies was employed. Video tracking of the
surgical instrument was achieved by detecting fractal
markers inthe form of QR codes affixed to the instrument.
The streaming image was captured and transferred to a
personal computer, where it was processed using the
PLUS Server application (open-source software, Plus
Toolkit Community and PerkLab) [11]. In this system,
AT algorithms convert the incoming video stream into
a matrix of spatial coordinates. These coordinates are
subsequently transferred to a dedicated visualization
platform - 3D Slicer software (open-source license)
[12]. The resulting spatial data were mapped onto
a virtual environment within 3D Slicer, where the
coordinates were assigned to a 3D model of the surgical
instrument. This allowed dynamic visualization of its
interaction with the 3D training model of the head on the
monitor screen. Two essential models were integrated
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into the 3D Slicer environment: the virtual surgical
instrument and the static head model, reconstructed
from patient-specific DICOM data. The head model
is static, while the surgical instrument moved in real
time according to the physical instrument’s position,
thereby simulating C-arm-like visualization during the
simulated procedure (Fig. 3).

Part 2. Validation of the training model of the

foramen ovale puncture simulator

A total of 38 participants, 10 experts (neurosurgeons
with more than 5 years of experience) of the Federal
Center of Neurosurgery (Tyumen) and 28 residents of
the Department of Neurosurgery of the Sechenov First
Moscow State Medical University (Sechenov University),
whose clinical site is located at Federal Center of
Neurosurgery, underwent the simulation program (Fig. 4).

Inclusion criteria:
¢ age from 23 to 60 years;
¢ theoretical knowledge of the topographic anatomy of

the skull base;

¢ theoretical knowledge of the radiographic orientation
of the FO of the skull;

e no prior involvement in the development of the
simulation model;

e a written voluntary informed consent to participate
in the study.

Non-inclusion criterion:
¢ mental disorders affecting learning (n = 0).

The training took place in a laboratory setting
is presented in the video file Supplement C
(Supplementary materials on the journal’s website
https://doi.org/10.47093/2218-7332.2025.1237-annex-c).

The results of the FO puncture were evaluated before
and after training period using the following parameters:
e intervention time;
¢ number of puncture attempts;

e number of complications during the puncture
involving anatomical structures located at the skull
base (the inferior orbital fissure, jugular foramen,
external opening of the temporal bone carotid canal,
foramen lacerum, and foramen spinosum) as well
as in the region of the middle cranial fossa (the first
branch of the trigeminal nerve and the cavernous
segment of the internal carotid artery).

Before and after training, each participant performed
a series of puncture attempts until they achieved the
first one without any complications. Once this had been
achieved, they stopped and recorded the result. The
maximum number of attempts was limited to ten.

Also, participants completed a post-training
questionnaire based on a Likert scale to access the
perceived feasibility and educational value of the
simulator, the anatomical realism of landmarks and
radiographic realism with scores: strongly agree (5), agree
(4), neutral (3), disagree (2), strongly disagree (1) [13].
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FIG. 2. The electronic part of the 3D head model for practicing foramen ovale puncture.

A. The silicone 3D head model with electronics unit.
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B. The 3D printed head model with electroactive zones printed with black U3 Flex Conductive filament.
C. The electronics block of a 3D skull model based on ARDUINO microcontroller.
D. The electronics block of the LED screen based on ARDUINO microcontroller.

E. The LED screen.

F. The scheme of the LED screen: 1 - foramen ovale, 2 - foramen spinosum, 3 - external opening of the carotid canal, 4 - foramen
jugulare, 5 - foramen lacerum, 6 - inferior orbital fissure, 7-14 - adjacent non-contact zones.

Statistical analysis

Descriptive statistics were reported as absolute
frequencies and percentages for categorical variables, and
as medians with interquartile ranges (25%; 75" percentile)
for ordinal or non-normally distributed continuous
variables. For normally distributed continuous variables,

data were expressed as mean with standard deviation.
Normality was assessed with the Shapiro-Wilk test and
verified visually using Q-Q plots and histograms.

The median values were calculated from multiple
puncture attempts performed by each participant
within each training phase, and then group medians
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with interquartile ranges were determined across all
participants in each group. Between-group comparisons
were performed with a two-tailed independent Student’s
t-test for normally distributed data or the Mann-Whitney
U-test for non-normally distributed data. Comparisons
of paired data before and after training were performed
using the paired Student’s t-test for normally distributed
differences or the Wilcoxon signed-rank test for non-
normally distributed differences. Five-level Likert
responses were compared between groups with the
two-sided Fisher-Freeman-Halton exact test (5x2
contingency tables). For sensitivity analysis, Likert
scores were dichotomized (> “Agree” vs. € “Neutral”),
and a two-sided Fisher’s exact test (2x2) was applied.
All tests were two-tailed, and a p-value < 0.05 was
considered statistically significant. Statistical analyses
were conducted in R version 4.5.1 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Analysis of puncture performance before and after
training revealed statistically significant improvement
across all evaluated parameters in both groups (Table).
Following the training, puncture time was reduced
by approximately half in both groups. The number
of puncture attempts before the first successful,
complication-free attempt was reduced by 50% in the
physicians’ group and by 60.3% in the residents’ group.

The total number of complications after training
decreased by 57.8% in the physicians’ group and by
59.0% in the residents’ group. Initial complication rates
associated with inferior orbital fissure damage, jugular
foramen puncture and puncture of external opening of
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FIG. 3. The block diagram of computer vision technology.

the carotid canal were higher in the residents’ group.
While initial frequency of other complications (foramen
lacerum puncture, puncture of the first branch of the
trigeminal nerve, puncture of the internal carotid artery
and foramen spinosum puncture) was low and similar
both in physicians’ and residents’ groups (Table).

Neurosurgeons (Federal Center of Neurosurgery)
and residents (Department of Neurosurgery, Sechenov University)
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FIG. 4. Study flowchart.

CEYEHOBCKWM BECTHUK T. 16, Ne 3, 2025 / SECHENOV MEDICAL JOURNAL VOL. 16, No. 3, 2025 25



NEUROSURGERY

Table. Puncture results before and after training

Parameter Physicians p value Residents p value
(n=10) (n =28)
Before After Before After
Puncture time, s 186.0+£77.2 90.0+51.0 <0.001 527.1+135.0° 237.9+82.4> <0.001
Attempts to puncture the foramen ovale, n 2.8+0.8 1.420.5 <0.001 6.6+2.1° 2.6+1.0° <0.001
Total number of complications, n 45+1.6 1.9+0.7 <0.001 9.5+3.3" 39+1.7° <0.001
Complications associated with:
inferior orbital fissure damage, n 0.5(0;1.75)  0(0;0) n.s. 2(0.75; 3) 1(1;2)P <0.05
jugular foramen puncture, n 1(0.251) 0(0;1) n.s. 3(2;4p 1(1;2)P <0.001
external opening of the carotid canal puncture, n 1(0.25;1) 0 (0; 0) <0.05 2(1;3) 0(0;0) <0.001
foramen lacerum puncture, n 0.5(0; 1) 0(0; 1) n.s. 1(0;2) 0(0; 1) <0.001
foramen spinosum puncture, n 0(0;0) 0(0; 0) n.s. 0(0;1) 0 (0; 0.25) n.s.
puncture of the first branch of the trigeminal nerve, n 0.5(0;1)  0(0;0.75) n.s. 0(0;1) 0 (0; 0.25) n.s.
internal carotid artery puncture, n 0(0; 1) 0(0;0.75) n.s. 0(0; 1) 0(0; 0) n.s.

Notes: #p < 0.05,°p < 0.001 when compared to a group of physicians at the same point of the study.

n.s. — not significant.

Following training, the complication rate related
to puncture of the external opening of the carotid
canal decreased by 88.9% in physicians and by 94.9%
in residents, resulting in no statistically significant
difference between the two groups post-training (Table).
Complications related to puncture of the inferior orbital
fissure and jugular foramen decreased by 75.0% and
50.0%, respectively, in physicians, and by 35.3%
and 51.9%, respectively, in residents; however, the
rates among residents remained significantly higher
compared to those of physicians. Other puncture-related
complications decreased as follows: foramen lacerum -
by 42.9% in physicians and 68.4% in residents; foramen
spinosum - by 0% and 44.4%, respectively; first branch
of the trigeminal nerve - by 50.0% and 27.3%; internal
carotid artery - by 40.0% and 50.0%. Post-training
complication rates for these structures were comparable
between physicians and residents.

The feasibility and construct validity of the simulator
was confirmed by the Likert scale. Both groups rated
the simulator as “useful for educational purposes” and
“realistic” from anatomical and radiographic points of
view.

The perceived feasibility and educational value of
the simulator, the anatomical realism of landmarks
and radiographic realism, assessed by the Likert scale,
received equivalent ratings from both the physicians’
group and the residents’ group (Fig. 5).

DISCUSSION

Various puncture-based interventions for
trigeminal neuralgia share a common technical
approach: accessing the GG via FO puncture [14].
Despite the technical simplicity of performing FO
puncture, the lack of surgical skills may lead to serious
complications [15].

Feasibility and educational effectiveness of the model
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Realism of simulated anatomical landmarks
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Residents

Radiographic realism
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FIG. 5. The training results according to the Likert scale.
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The iatrogenic nature of such complications is
most frequently attributed to the surgeon’s insufficient
competence, leading to anatomical disorientation and
difficulty maneuvering the puncture needle under
fluoroscopic control, primarily due to inadequate
hand-eye coordination [10]. To improve a surgeon’s
competence in puncture-based interventions, it is
necessary to provide quality preoperative training in a
safe environment [16].

The present study demonstrated the effectiveness of
integrating engineering technology and Al in creating a
3D simulator for teaching FO puncture in the treatment of
trigeminal neuralgia. The high Likert scale scores for the
educational effectiveness of the simulator (70.0-71.4%
of participants selected the maximum score), realistic
anatomical landmarks (60.0-82.1%) and radiological
visualization (70.0-82.1%) confirm the high quality of
the developed model. The results of this study showed
a statistically significant improvement in all evaluated
parameters in both groups of participants after training
on the developed model.

The most encouraging result was a 50% reduction
in intervention time in both groups after simulation
training despite a significant difference in pre-training
scores (difference between physicians and residents
341.1 sec), indicating the development of sustainable
practical skills regardless of the participants’ initial
training level. Equally important, a reduction in the
number of puncture attempts by 50% in physicians
and 60.3% in residents indicates improved accuracy
in performing the procedure. The more pronounced
improvement in the resident group may be due to
the greater potential for skill development in less
experienced professionals, consistent with the concept
of a learning curve in surgery [17, 18].

The results of this study showed a significant
reduction in the total number of complications (around
60% in both groups), which is a key indicator of the
clinical relevance of the developed simulator. A more
detailed analysis of the types of complications showed
that the greatest improvement was observed for puncture
of the foramen jugulare, inferior orbital fissure and
external carotid orifice in the resident group. Notably, the
initially higher complication rates in the resident group
approached those of experienced physicians for most
parameters after training. The exceptions were puncture
of the first branch of the trigeminal nerve and internal
carotid artery, where differences between groups were
minimal both before and after training. This observation
indicates the formation of hand-eye coordination skills
and a more accurate understanding of the trajectory of the
puncture needle in the areas of the skull base. Formation
of the skill of hand-eye coordination in performing
various types of surgical interventions has received
much attention in the literature [6, 19-21]. The 3D
model developed in this study accurately reproduces the
anatomical location of the FO, functionally significant
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areas of the skull base, GG and internal carotid artery.
Moreover, the use of electrically conductive carbon
nanotube materials to create feedback zones provides
immediate tactile and visual confirmation of contact
with critical anatomical structures, which helps prevent
the formation of incorrect motor skills and improves the
overall quality of learning.

Training of hand-eye coordination for FO puncture
usually requires fluoroscopic guidance with a C-arc,
which limits training time due to the negative effects of
ionizing radiation [22]. Integrating computer vision into
the training of FO puncture on a 3D printed model in our
study provides a safe and effective alternative [23-25]. In
this study, we developed a computer vision algorithm to
detect a QR code attached to the puncture needle, thereby
mimicking the functionality of the C-arm and enabling
the acquisition of hand-eye coordination skills during
FO puncture. Using QR code to track the instrument and
creating a virtual environment in the 3D Slicer provides
a safe alternative to fluoroscopic guidance, which is
especially important for repeated training sessions.
Another significant advantage of the developed system
is its dependence on standard equipment (webcam and
personal computer with graphics processor), which
makes it affordable for wide implementation in training
centers. The elimination of expensive X-ray equipment
significantly reduces the overall cost of training, which
opens up opportunities for scalable training.

Excluding the cost of a 3D printer, the cost of
creating a simulator is significantly lower than the cost of
purchasing and storing cadaver material. For instance, the
price of a single cadaveric human head is between $600
and $1000 in the US, Russia and Italy [26-28]. Despite
the fact that cadaveric material is the most suitable for
training, access to cadaveric heads is limited by thanks to
legal and financial restrictions [29]. In addition, the costs
of maintaining anatomical laboratories are very high and
the establishment of a cadaveric laboratory requires the
resolution of a number of issues regarding its location,
the acquisition of instruments, the purchase, storage and
disposal of cadaveric material, as well as strict inter-
institutional co-operation to resolve legislative aspects,
which limits the use of this material in the modern
educational process [30, 31].

Limitations of the study and further research

perspectives

The study had a limited sample size (38 participants),
which may reduce the statistical significance of the
results and their generalizability to a wider population
of learners. The model is based on data from a single
patient with trigeminal neuralgia, which does not take
into account anatomical variations between different
patients and may limit the realism of the training process.

Further development of this topic could include the
creation of a library of 3D models based on different
anatomical variants of the FO to increase the versatility
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of the simulator, as well as multicenter randomized
controlled trials to assess the impact of simulation
training on clinical outcomes and patient safety in real-
world practice.

CONCLUSION

The conducted study emphasizes the effective
integration of engineering technology and Al as a useful
and safe tool for teaching puncture-based treatment
of trigeminal neuralgia. The results of the study
demonstrate that the developed 3D head simulation
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Microsurgical removal of a cavernous malformation
on the midbrain dorsal surface using the supracerebellar
infratentorial approach: a clinical case
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!Avicenna Tajik State Medical University
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SECHENOV D Microsurgical removal of a cavernous malformation on the midbrain dorsal surface
DIE DAL % using the supracerebellar infratentorial approach: a clinical case
: & - [t
Summary The choice of median suboccipital craniotomy and contralateral supracerebellar infratentorial
approach is the preferred route for complete resection of cavernoma of dorsal midbrain surface in
order to revent postoperative neurological deficits.
Diagnosis 38-year-old man
A cavernous malformation
headache and vomiting (20x30x25 mm)
right-sided weakness with hemorrhage in the dorsal
strabismus - surface of the midbrain
left-sided pupillary dilatation
Treatment

Median Access through the
suboccipital { supracerebellar Resection
craniotomy infratentprial 'plane'and
the quadrigeminal cistern

Outcomes Short-term Long-term

r

O Gl June 1 e complete resolution
2024 sings and symptoms

° moder_e:jteI -
grsrg:gieri e postoperative gliosis

Rahimov N.O., Rakhmonov K.J., Sanginov D.R., Khasanov M.A. Microsurgical removal of a cavernous malformation 10 minutes H
on the midbrain dorsal surface using the supracerebellar infratentorial approach: a clinical case. Sechenov Medical E 3
Journal. 2025; 16(3): 31-39. Epub ahead of print 22.09.2025. https://doi.org/10.47093/2218-7332.2025.1210 to read B

Abstract

Common surgical approaches to the dorsal midbrain include: the occipital transtentorial, supracerebellar infratentorial,
posterior subtemporal, and the tonsilloveal transaqueductal approaches.

Case report. A 38-year-old man presented with mild right-sided weakness and diplopia following an episode of
headache and vomiting two weeks prior to admission. A neurological examination revealed mild right-sided weakness,
adownward and outward strabismus, a mild left ocular mydriasis and accommodation paralysis alongside alternating
syndrome. Magnetic resonance imaging revealed a 20x30x25 mm rupture of the cavernous malformation of the left
midbrain peduncle as well as hematomas within the cavernoma. Using the supracerebellar infratentorial approach
in a sitting position with minimal incision of dorsal midbrain, the cavernoma was completely resected together with
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surrounding subacute hematoma. In the early postoperative period, a regression of neurological symptoms was
observed.

Discussion. The choice of median suboccipital craniotomy and contralateral supracerebellar infratentorial approach
is the preferred route for complete resection of cavernoma of dorsal midbrain surface in order to avoid any
postoperative neurological deficit.

Keywords: cavernoma; lesion of the midbrain peduncles; access to the dorsal part of the midbrain; hematoma;
removal of midbrain formations
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Mukpoxupypruyeckoe yganeHue KaBepHo3HOU ManbpopMaLum
AopcanbHO NOBEPXHOCTU CpeaHero Mosra nyTem
cynpauepe6ennapHoro uHppaTeHTOpUanbHoro gocryna:
KNUHUYECKUIK cnyvam

H.O. Paxumos’>", X.JI. Paxmonos'?, [I.P. Canrunos', M.A. XacaHoB'
ITOY «Tadxcukckuli 2ocydapcmeerHblll MmeduyuHcKull ynusepcumem umenu Abyanu ubnu Cuno»
np-m Cuno, yn. Cuno, 0. 29-31, 2. Ilywanbe, 734003, Pecnybnuxka Tadxcukucmau
'Y «HauyuonanvHuiii meduyunckuti yenmp Pecnybnuxu Tadxcuxucman ILupobaxui»
np-m H. Comonu, 0. 59, 2. [lywan6e, 734026, Pecny6nuxka Tadxcuxucma

A HH 0T Ly

3BECTHblE XMPYpriyeckue AOCTYNbl K AOPCANbHOM YacTW CPefHEero Mo3ra BKOYAKOT: 3aTbIOYHbIA TPaHCTEH-
TOpUanbHbIA, cynpalepebennsapHblili MHQpPaTEHTOPUAabHbINA, 3a[HWIA Cy6TEMNOPaNbHbIA 1 TOH3WUN0YBEaNbHbIN
TpaHcaKBeAyKTaNbHbI NOAXOAbI.
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Onucanme cnyyasi. 38-neTHUA MyXUnHa 06pPaTUNCA C XKanobaMu Ha Nerkyto NpaBOCTOPOHHIOK CNabocTb W An-
NNONKUIO NOCAe 3NK1304a FO0BHO 601M 1 PBOTHI 3a [iBE HeJenu A0 NOCTYNAeHns. B HeBPOOrMyeckomM craTyce
BbISIB/IEHO HE3HAUYUTENIbHOE CHUXKEHWE MbILLEYHOW Cbl C NPABO CTOPOHbI, KOCOT1a3ne BHU3 W HapyXXy, NErkuii
MUApKMa3 1 napanny akkoMogaluv Nesoro rnasa, anbTepHUPYOWMA CUHAPOM. C NMOMOLLbIO MarHMTHO-PE30HaHC-
HOI TOMOrpadum BbISIBNEH Pa3pbiB KaBEPHO3HOM ManbdopmaLmn pasmepom 20x30x25 MM NeBOI HOXKI CpeaHe-
ro M0o3ra, reMaToMbl B KaBepHOMe. [yTem cynpalepebennsgpHoro MHGpaTeHTOPMANbHOMO JOCTYNa B NONOXEHNN
CUas C MUHWMabHbIM pa3pe3oM [0pCabHOi YacTy CpejHero Mo3ra KaBepHoMa 6bina NosHOCTHHO pe3elMpoBaHa
BMECTE C OKPYyXakoLleid NOAOCTPOi remMaToMOoii. B paHHeM nocneonepaLMoHHOM Nepuoae Habntoaancs perpecc
HEBPOJIOrMYECKON CUMMNTOMATUKM.

06cyxpaeHue. Boibop MeanaHHOR Cy60KLMNNTANbHON KPAaHNOTOMMI U KOHTPanaTepanbHOro cynpalepebennspHo-
o MHMPATEHTOPMABbHOMO A0CTYNa ABSETCA NPEANOYTUTENbHbBIM A1 NOJHOM pe3ekLnn KaBEPHOMbI JOPCabHOV
NOBEPXHOCTM CPeaHero Mo3ra Bo n3bexaHne nocaeonepaLnoHHOro HeBPOMOrMYeCcKoro aeduumTa.

KnioueBble cnoBa: kaBepHOMA; NMOPaXeHNE HOXEK CPefHero Mo3ra; A0CTyn K JOPCaNbHOW YacTy CpeAHero Moara;
remaToma; yaaneHue o6pa3oBaHuii cpegHero Moara

Py6puku MeSH:

OMUCAHWE C/TYYAEB

HEPBHOI CUCTEMbI LIEHTPAIBHO COCYAUCTLIE MANTbGOPMALINM - OUATHOCTUYECKOE N30BPAXEHME
HEPBHOW CUCTEMbI LIEHTPAIbHOM COCYANCTLIE MANTbOOPMALINV - XMPYPI IS

MO3I CPEAHWNI — KPOBOCHABXEHWE

MO3I CPEAHWNIA - XUPYPT U

MWKPOXUPYPT S - METOLbI

OMEPATMBHbIA JOCTYN
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KaBEpHO3HOI ManbGopMaLmn A0PCaNbHON NOBEPXHOCTM CPEeAHEro Mo3ra nyTteM cynpauepebennspHoro nHopa-
TEHTOPWANbHOrO OCTYNa: KAMHWUYecKuit cnyyaid. CedeHoBekMiA BecTHUK. 2025; 16(3): 31-39. Epub ahead of print
22.09.2025. https://doi.org/10.47093/2218-7332.2025.1210
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Abbreviations:
CM - cavernous malformation

Cavernous malformations (CM) or cavernomas of
the central nervous system are formations consisting of
multiple adjacent cavities of irregular shape (caverns),
lined with endothelium and filled with blood.

According to magnetic resonance imaging (MRI) data
at the screening stage and several thousand autopsies,

CT - computed tomography
MRI - magnetic resonance imaging

CM of the central nervous system is detected in 0.3-0.6%
of the population [1, 2]. Most often, the first symptoms
appear at a young age - on average, at 23 years [3].

Of all CMs of the brain, localization in the brainstem
accounts for 19 to 30% [3], of which 14.2-25% occur in
the midbrain [4]. In cerebral CMs, the annual frequency
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of primary hemorrhages is 0.39-1.3%, recurrent -
4.5-22.9% [5]. It is believed that brain cavernomas
located in the brainstem area are most prone to recurrent
hemorrhages with an annual risk ranging from 21-60%
and complications during surgical intervention than
with other localizations of cavernomas [6-9]. The risk
of recurrent bleeding increases with incomplete surgical
resection [9, 10]. These features allow to distinguish
brainstem CMs into a separate group.

The tactics of surgical treatment of primary bleeding
from the midbrain CM depend on the timing of the
hemorrhage, age and somatic status of the patient and
necessitate an individual approach to developing an
optimal treatment strategy.

The purpose of this case report is to demonstrate
the experience of successful radical resection of
the midbrain peduncle CM by the supracerebellar
infratentorial approach as an effective surgical strategy
for primary hemorrhage in a young patient.

CASE REPORT

A 38-year-old man, a builder, sought medical help
at the SI “National Medical Center of the Republic
of Tajikistan Shifobakhsh” on May 13, 2024 with
complaints of diplopia and mild weakness in the right
limbs, which arose suddenly after an episode of headache
and vomiting about two weeks previously.

Clinical examination on admission: clear
consciousness, 15 points according to the Glasgow
Coma Scale, somatic status without any peculiarities:
respiratory rate 16 per minute, heart rate 80 per minute,
blood pressure 120/80 mm Hg. In the neurological
status, a slight decrease in strength on the right side was

noted - IV/V degree according to the classification of
muscle tone study!, strabismus downward and outward,
mild mydriasis and paralysis of accommodation of the
left eye alongside alternating syndrome.

Computed tomography (CT) of the brain revealed a
poorly defined hyperdense formation in the lower part
of the dorsal surface of the left peduncle of the midbrain
measuring 20x30x25 mm. MRI of the brain revealed
a hyperintense lesion in T1- and T2-weighted images
with a clearly defined hypointense rim, hematomas in a
cavernoma of 20x30x25 mm (Fig. 1A-C).

Based on clinical data and neuroimaging results, the
following diagnosis was made: rupture of CM of the left
midbrain peduncle, hematomas in the cavernoma.

To avoid any postoperative neurological deficit (as
assessed by additional scales: 4 points on the Spetzler—-
Martin [11] and 3 points on the Lawton-Young [12]),
a median suboccipital craniotomy with a contralateral
supracerebellar infratentorial approach was chosen for
radical cavernoma resection (Fig. 2A-E).

Surgery Procedure

The operation was performed on May 28, 2024 under
general endotracheal anesthesia with the patient in a
sitting position - to give the back a vertical position, and
with the head tilted forward to smooth the angle of the
tentorium. The patient’s head was rigidly fixed using a
Mayfield-Keys clamp. The Carl Zeiss OPMI Vario S88
operating microscope (Carl Zeiss, Germany) was used
during the operation.

Surgical access was achieved through a 12 cm long
linear skin incision in the parietal-occipital region. A burr
hole was created in the occipital protuberance region,

FIG. 1. Magnetic resonance imaging of a 38-year-old patient with a cavernous malformation measuring 20x30%25 mm in the
dorsal part of the left peduncle of the midbrain (May 13, 2024).

A, B. Axial sections, T2-weighted image: cavernous malformation (blue arrow), hematomas in the cavernoma (orange arrow).

C. Sagittal section, T1-weighted image: cavernous malformation (arrow).

! Index of Clinical Guidelines by the Russian Ministry of Health / Clinical Guidelines / Mononeuropathies (Approved by the Ministry of Health
of the Russian Federation) https://cr.minzdrav.gov.ru/preview-cr/166_2 (access date: 13.05.2024).
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FIG. 2. Schematic representation of the localization of the cavernoma of the dorsal surface of the midbrain and the choice of
strategy for its resection.

A. Axial section. The arrows indicate the approaches to the midbrain: left lower — supracerebellar infratentorial; right upper -
posterior subtemporal.

B. Axial section. The arrows indicate the approaches to the midbrain: left lower - contralateral supracerebellar infratentorial; right
upper - anterior subtemporal; right lower - posterior subtemporal approaches.

C. Sagittal section. The arrows indicate the approaches to the midbrain: right upper - occipital transtentorial; right lower -
supracerebellar infratentorial.

D. Exposure of the cavernoma using torcular craniotomy and supracerebellar infratentorial approach (blue line).

E. Access to the cavernoma through the supracerebellar infratentorial plane and the quadrigeminal cistern; identification of the
ascending deep cerebral veins; determination of the feeding arteries of the pons and midbrain; review of the lateral sections;
dissection of the quadrigeminal cistern to provide a free corridor (superior view of the midbrain, pons, tentorium from the pineal
region and superior cerebellar peduncle); mobilization of the vessels and veins draining into the superior sagittal sinus.

Note: ic — inferior colliculus; icv - internal cerebral vein; pg - pineal gland; p3 - posterior cerebral artery (segment p3); sc - superior colliculus;
vG - vein of Galen; vR - vein of Rosenthal; IV - cranial nerves (IV pair).

which provided a circular craniotomy measuring 80x60 A semi-oval incision of the dura mater, reinforced
mm with exposure of the sinus drain and contralateral =~ with interrupted sutures, was made, which elevated
supracerebellar infratentorial access with gravitational = the transverse sinuses and provided entry into the
retraction of the cerebellum. The upper edge of the bone  supracerebellar infratentorial plane. The sagging of
flap was located on the transverse sinus. the cerebellum widened the natural corridor to the
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quadrigeminal cistern. Cerebrospinal fluid was drained
from the cisterna magna, and the cerebellum was retracted
by dissection of the arachnoid adhesions connecting the
posterior superior border of the cerebellum to the outer
edge of the tentorium. To access the free edge of the
tentorium, the bridging veins between the cerebellum and
the tentorium were divided. The arachnoid membrane
dissection of the posterior edge of the quadrigeminal
cistern was performed to visualize the dorsal part of the
midbrain.

The supracerebellar infratentorial approach in the
sitting position opens the anatomical plane so widely that
dissection is significantly facilitated. Any discomfort
from working with raised arms is compensated by the
panorama without a retractor and the operative field
cleared by gravity (Fig. 3A). Arachnoid dissection was
performed, and large deep veins (V. Galen, internal
cerebral veins, internal occipital veins, basal veins
of Rosenthal, pericentral veins of the cerebellum)
were identified. The contralateral approach allowed
visualization of the IV pair of cranial nerves and the P3
segment of the posterior cerebral artery.

With a minimal incision in the dorsal part of the
midbrain (Fig. 3B), the cavernoma was completely
resected together with the surrounding subacute
hematoma measuring 2x3x2.5 cm (Fig. 3C). Hemostasis
was achieved until the lavage water was clear. A
hemostatic collagen sponge was placed in the cavernoma
bed. The dura mater was sutured hermetically. The bone
flap was fixed with threads. Layer-by-layer suturing
of the wound was performed. An aseptic dressing was
applied. The total blood loss was 250 ml.

A control CT scan in the postoperative period was
performed on the third day; according to the study data,
the condition after median suboccipital craniotomy,
residual cavernoma, and repeated hemorrhage were not
detected (Fig. 4A, B).

Inthe postoperative period, the patient’s consciousness
is clear (15 points on the Glasgow Coma Scale), diplopia
and moderate pyramidal disorders disappeared on the
12" day. The course of the postoperative period is smooth,
without the development of postoperative complications.
The patient was discharged from the hospital on the
15" day after the surgical intervention.

The patient came for a follow-up examination
and assessment of the long-term treatment results
on February 18, 2025. During the examination, the
patient’s consciousness was clear. No sensory or motor
disturbances were observed after the surgery. He was
able to walk and take care of himself independently. The
patient has fully recovered and returned to professional
activities without any restrictions.

A MRI of the brain was undertaken on February 18,
2025, and here we can observe the brain’s condition after
removal of the cavernoma. The MR showed signs of
postoperative gliosis changes. No residual cavernoma or
recurrent hemorrhage was detected (Fig. 5A, B).

DISCUSSION

At present, one of the main issues in treating midbrain
CM is determining the timing of the surgical intervention,
be it in the acute or the subacute period.

In our case, the patient was operated on the 20"
day after the primary hemorrhage. The cavernoma was
located in the subacute hematoma, which made it easy to
remove together with the cavernoma itself.

According to generally accepted practice and in
line with our clinical experience, surgical treatment in
the subacute stage of hemorrhage, when the hematoma
is liquefied, is effective for maximum removal of the
hematoma with minimal incision of the brainstem
[13]. In such cases, a limited incision of the brainstem
contributes to the most complete neurological

recovery.

FIG. 3. Resection of the cavernous malformation of the midbrain peduncle via the supracerebellar infratentorial approach in a

38-year-old man (May 28, 2024).

A. General view of the supracerebellar infratentorial approach after opening the dura mater.
B. Incision of the dorsal part of the midbrain, approach to the cavernoma (arrow).

C. Macropreparation of the removed cavernoma 2x3x2.5 cm.
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FIG. 4. Computed tomography of a 38-year-old patient on the 4" day after removal of a cavernous malformation in the dorsal part

of the left peduncle of the midbrain (June 01, 2024).

A. Axial section: the cavernoma with the hematoma capsule is completely resected (arrow).
B. Sagittal section: the cavernoma with the hematoma capsule is completely resected (arrow).

A

FIG. 5. Magnetic resonance imaging of the brain of a 38-year-old patient 9 months after resection of a cavernous malformation in
the dorsal part of the left peduncle of the midbrain (February 18, 2025)

A, B. Axial sections: postoperative gliotic changes (arrows).

The next question concerns the choice of tactics for a
safe approach to the midbrain area.

Dorsal lesions are localized in the zones of two
thin horizontal lines immediately above and below
the quadrigeminal plate. For their surgical treatment,
supratentorial suboccipital, occipital transtentorial,
supracerebellar infratentorial, posterior subtemporal
and tonsillouveal transaqueductal approaches are
used [14].

In the presented case, the infratentorial approach to
the posterior fossa was used to remove the midbrain
CM - this method is most often used by leading
neurosurgeons around the world such as M. Lawton and
R. Spetzler [3-5]. The two principal craniotomies were
used to access the posterior fossa: retrosigmoid (lateral
suboccipital) craniotomy and medial suboccipital
craniotomy. The retrosigmoid supracrebellar approach
was used to reach the lateral midbrain. The medial
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suboccipital supracrebellar approach was used to reach
the dorsal part of the midbrain and the quadrigeminal
plate [15].

The surgical tactics used in the subacute period of
hemorrhage from the cavernoma allowed for radical
removal of the midbrain CM, ensuring complete
neurological recovery of the patient. The patient was
able to carry on with his work as usual and there were no
signs of a reoccurring hemorrhage (the observation time
was 6.5 months).

Knowledge of the brainstem corridors is necessary
for planning microsurgical interventions on brainstem
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Exposure of the petrosal segment of the internal carotid artery
as a method for preventing intraoperative bleeding during
clipping of carotid-ophthalmic aneurysmes: a clinical case

Vyacheslav V. Tkachev'?, Dmitry V. Litvinenko'", Arkady D. Fedorenko?, Irina N. Sever?
! Scientific Research Institute - Regional Clinical Hospital No. 1 named after professor S.V. Ochapovsky
167, 1 May str., Krasnodar, 350086, Russia
?Kuban State Medical University
4, Mitrofan Sedin str., Krasnodar, 350063, Russia

ifE%I}IgXILOJ‘gURNAL 2 Exposure of the petrosal segment of the internal. carotid artery as a method for p‘reventing
& intraoperative bleeding during clipping of carotid-ophthalmic aneurysms: a clinical case
Summary Temporarily clipping the internal carotid artery (ICA) in the carotid canal enables the risk of bleeding from the
main surgical access to be controlled without isolating the neurovascular bundle of the neck. This reduces
the traumatic nature of the operation and is preferable from a cosmetic point of view.
Diagnosis
46-year-old man A saccular aneurysm March 13,
of the right ophthalmic artery 2025
olte gl measuring 4.0 x 3.9 mm with )
periodic headaches areck of 3.3 mm
Treatment

March 18,
2025
o

& https://youtu.be/EoHpNJI5TgcA

Outcomes Clinical: Computed tomography angiography:
e No increase in neurological e Total clipping
symptoms

e No residual aneurysm
e The patient was discharged
for outpatient follow-up on e Cerebral blood flow not
the 9th day compromised

Tkachev V.V., Litvinenko D.V., Fedorenko A.D., Sever I.N. Exposure of the petrosal segment of the internal carotid 10 minutes E L
artery as a method for preventing intraoperative bleeding during clipping of carotid-ophthalmic aneurysms: I
a clinical case. Sechenov Medical Journal. 2025; 16(3): 40—47. https://doi.org/10.47093/2218-7332.2025.16.3.40-47 toread :

A tra Ct |

Microsurgical treatment of ocular artery aneurysms is classified as high-risk surgery. It is anatomically impossible to
prevent and stop bleeding from ophthalmic aneurysms by applying a standard clip proximal to the aneurysm.

Case report. A 46-year-old man was admitted complaining of periodic headaches for 6 months. Outpatient magnetic
resonance imaging revealed an aneurysm of the right internal carotid artery (ICA). According to computed tomography and
cerebral angiography, an aneurysm of the ocular artery was verified. The patient chose an open surgery from the proposed
treatment methods. Clipping of the aneurysm of the ocular artery mouth was performed by pterion access with an extradural
extraction of the petrosal segment of the ICA to prevent intraoperative bleeding. The course of the postoperative period was
smooth, without neurological symptoms, and the stitches were removed on the 9 day. The patient was discharged under
outpatient supervision with a recommendation to control the radicality of clipping after 6 months.

Discussion. Temporary clipping of the ICA in the carotid canal during microsurgical operations for ocular artery
aneurysms allows controlling the risk of bleeding from the main surgical access without isolating the neurovascular
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bundle of the neck, which reduces the traumatic nature of the operation and is preferable from a cosmetic point
of view.

Keywords: carotid-ophthalmic aneurysms; removal of the anterior oblique process; proximal bleeding control;
petrosal segment of the internal carotid artery; internal carotid artery mobilization in the carotid canal
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BbigeneHue NeTpo3asibHOro cerMeHTa BHyTPEHHEW COHHOM
apTepum KaK MeTo NpodUNaKTUK1U UHTPaonepaLuoHHOro
KpOBOTEYEHUs MPU KIUNUPOBaAHUU KapOTULQHO-
odpTaNnbMUYECKUX aHEBPU3M: KIIMHUYECKUIA criyyan

B.B. Tkaues'?, JI.B. JIurBunenko'"’, A.Jl. ®enopenko?, 1.H. CeBep?

I'I'BY3 «Hayuno-uccnedosamenvckuii uncmumym - Kpaeeas kaunuueckas 6onoHuya Ne 1
umenu npogeccopa C.B. Quanosckozo0» Munucmepcmea 30pasooxparernus Kpacnodapckozo kpas
yn. 1 Mas, 0. 167, 2. Kpacrodap, 350086, Poccus
2@I'BOY BO «Ky6arckuii 2zocydapcmeenblti MeOUYUHCKUL yHugepcumem»
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yn. um. Mumpocana Ceduna, 0. 4, 2. Kpacuodap, 350063, Poccus

AHH 0T Ly

MWKPOXMPYPritYeckoe NedeHine aHeBpI3M rnasHoii apTepui OTHOCAT K XMPYPru BbICOKOTO pucka. Mpodunaktuka
N 0CTaHOBKa KPOBOTEYEHMUS 13 0(TaNbMUYECKMX aHEBPU3M CTaHAAPTHBIM HAaNOXEHUEM KIUMca NPOKCUMarnbHee
aHEeBPU3Mbl aHATOMUYECKM HEBOSMOXKHO.
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OnucaHmne cnyyas. [auneHT 46 neT NOCTYNWA C XanobaMu Ha NepUMoOANYECKME FrONOBHbIE 60NN B TEYEHME LLIECTM
mecsLeB. AM6YNaTOpHO Ha MarHUTHO-PE30HAHCHOW ToMorpadbu BbisiBieHa aHeBPM3Ma NPaBOil BHYTPEHHE COH-
Hoit apTepun (BCA). Mo AaHHbIM KOMMbOTEPHO-TOMOrpaduyeckoii 1 LepebpanbHoii aHruorpaduii BepuduLmpo-
BaHa aHeBPM3Ma rMasHoN apTepuu. MaUneHT u3 NpeasioKeHHbIX METOLO0B IeYeHMs BbiGpan OTKPbITYHO ONepaLuto.
poBeAeHo KINUPOBaHWe aHeBPU3MbI YCTbS [1a3HOW apTepuit NTEPUOHANbHBIM AOCTYNOM C 9KCTpadypaibHbIM
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TPEHHE COHHOW apTePUK B COHHOM KaHane

Py6pukn MeSH:

AHEBPU3MA - INATHOCTMYECKOE M30BPAXEHWE

AHEBPV3MA - XVPYPT A

NA3HAS APTEPUA - AUATHOCTNYECKOE M30BPAXEHNE

[MA3SHAA APTEPUA - XUPYPT A

COHHAA APTEPUA BHYTPEHHAA — OVMATHOCTNYECKOE N30BPAXEHNE

COHHAA APTEPUA BHYTPEHHAA — XPYPT A

MUKPOXNPYPT S — METObI

OMEPATMBHBIA JOCTYN

OMUCAHWE CITYYAEB

Onsa yutupoBanusa: Tkaues B.B., inteunerko [1.B., ®epopenko A.[l., Ceep VI.H. BbiaeneHve netposanbHOro cer-
MEHTa BHYTPEHHEW COHHOW apTepun Kak MeTod NpoM@UAaKT1KK MHTPAoNepaUMoHHOro KpOBOTEYEHNUS NPY KINUMK-
POBaHMM KapOTUAHO-0DTaNbMUYECKNX aHEBPK3M: KIIMHUYECKIIA Cydait. Ce4eHOBCKMIA BeCTHUMK. 2025; 16(3): 40-47.
https://doi.org/10.47093/2218-7332.2025.16.3.40-47

KOHTAKTHASI UHOOPMAIIVS:

JIurBuHeHKo JIMuTpuii BUKTOpoBmY, KaHIMAAT MEAULIMHCKUX HAYK, Bpau-HENPOXUPYpr Helipoxupypriudeckoro otaesnenus Ne 2 'BY3
«HUU - Kpaeast kimmandeckast 6ompHUIA Ne 1 M. npodeccopa C.B. Ouanosckoro» Munsapasa KpacHogapckoro kpast

Appec: yi. 1 Mas, 1. 167, r. Kpacuonap, 350086, Poccust

E-mail: dimalit73@yandex.ru

Coo6ironeHue 3TMYECKUX HOPM. 3asiBjieHe O cornacuu. [1almenT fan comiacue Ha MyOIMKaIMIO IPeCTaBIeHHON cTaTby « BoineneHne
MEeTPO3aIbHOTO CErMEHTa BHYTPEHHEN COHHO apTepyun Kak MeToZ, MPOGMWIAKTUKM MHTPAOIIEPALIMOHHOTO KPOBOTEUEHMS TTPU KITUITUPO-
BaHMM KapOTUIHO-ODTAIbMIUECKX aHEBPU3M: KJIMHUYECKUIA CITy4aii» B )KypHasle « CeueHOBCKMI BECTHUKY.

KoHmuKT MHTEpecoB. ABTOPHI 3asBJISIOT 00 OTCYTCTBUM KOH(MIMKTA MHTEPECOB.

dunancupoBanme. lccienoBaHme He MMeIO CIIOHCOPCKON MOAIEPKKY (COOCTBEHHBIE PECYPCHI).

TMocrymmra: 04.06.2025

Ipunsara: 07.08.2025
Hara meuatu: 27.10.2025

Abbreviations:
ICA - internal carotid artery

42 CEYEHOBCKW BECTHUK T. 16, Ne 3, 2025 / SECHENOV MEDICAL JOURNAL VOL. 16, No. 3, 2025



HEMPOXUPYPI UK

HIGHLIGHTS

Despite the development of endovascular methods, proximal bleeding control for carotid-ophthalmic aneurysms is carried out through

open intervention.

Temporary clipping of the internal carotid artery in the carotid canal through the Kawase triangle effectively prevents intraoperative

bleeding without accessing the neck vessels.

The proposed modified technique for proximal control in the carotid canal is anatomically gentle, since it preserves the auditory tube,
greater petrosal and trigeminal nerves, does not require mobilization of the temporal lobe pole and reduces the risk of vascular wall injury.

Open exclusion of carotid-ophthalmic aneurysms is a
non-trivial task due to the peculiarities of their anatomy
[1], inaccessibility, difficulty in stopping possible bleeding
from the aneurysm, as well as the risks of deterioration of
visual functions [2]. Currently, the choice of treatment for
ophthalmic aneurysms is intravascular interventions, but
a significant proportion of patients continue to undergo
open surgeries for various reasons [3].

The issue of prevention and effective control of
bleeding remains a cornerstone of microsurgery for
ophthalmic aneurysms. Proximal bleeding control
is traditionally achieved by dissecting the cervical
segment of the internal carotid artery (ICA), which de
facto means performing an additional operation with
potential complications and cosmetic defects [4]. The
use of temporary clipping of the ICA in the carotid canal
allows for the effective cessation of antegrade blood flow
in the proximal segments of the ICA without dissection
of the cervical neurovascular bundle, thereby reducing
the trauma of the operation and the risks of perioperative
complications and improving cosmetic results [5-7].

The aim of this case report is to demonstrate the
experience of temporary clipping of the ICA in the carotid
canal using an open approach during microsurgical
exclusion of an aneurysm of the right ophthalmic artery.

CASE REPORT

A 46-year-old patient was admitted to the clinic of the
Scientific Research Institute — Regional Clinical Hospital
No. 1 named after Prof. S. V. Ochapovsky on March 13,
2025. The patient complained of periodic headaches
that had been bothering him for the past six months. An
outpatient magnetic resonance imaging scan of the brain
revealed an aneurysm of the right ICA. The patient was
hospitalized for digital subtraction cerebral angiography
and surgical treatment. On examination: the neurological
status without focal neurological symptoms, the somatic
status without abnormalities. Computed tomography
angiography and cerebral angiography verified a saccular
aneurysm of the right ophthalmic artery measuring
4.0x3.9 mm with a neck of 3.3 mm (Fig. 1A-D).

After consultation with endovascular surgeons, the
patient was offered a choice: endovascular treatment
using an intracranial stent or open aneurysm exclusion.
The potential risks of open and endovascular treatment
were explained. The patient preferred open surgery and
signed the relevant consent form.

Surgical technique

The operation was performed on March 18, 2025. A
limited incision of the dura mater was made using the
standard pterional approach. The cistern of the lateral
cerebral fossa (Sylvian cistern) was opened to relax the
brain. An extradural subfrontal approach was used to
resect the lesser wing of the sphenoid bone and remove
the anterior clinoid process. Hemostasis was achieved.
After the final opening of the dura mater and dissection
of the basal cisterns, the optic nerve, ICA, and aneurysm
dome were identified.

An extradural subtemporal approach to the anterior
surface of the temporal bone pyramid was performed
to ensure proximal control of possible bleeding. The
foramen spinosum and foramen ovale were identified.
Partial peeling of the outer wall of the cavernous sinus
was performed, exposing the mandibular nerve. The
greater petrosal nerve was identified.

After skeletonization of the apex of the petrous bone
and trepanation of the upper wall of the carotid canal
(Fig. 2A), mobilization and temporary clipping of the
petrosal segment of the ICA were performed (Fig. 2B).
Then the distal dural ring was dissected, the dome and
neck of the aneurysm were exposed (Fig. 2C). Clipping
of the aneurysm of the right ophthalmic artery was
performed (Fig. 2D). After checking the patency of the
ophthalmic artery, coagulation of the aneurysm dome
was performed. The temporary clip from the ICA was
removed, hemostasis was achieved in the area of the
petrous segment of the ICA, and the surgical wound was
sutured. A video of the operation is available at the link:
https://youtu.be/EoHpN]5TgcA.

The postoperative period was uneventful, with no
increase in neurological symptoms. Follow-up computed
tomography and computed tomography angiography
scans performed one day after surgery (March 19, 2025)
revealed no residual aneurysm (Fig. 3A-C). The wound
healed by primary tension, the sutures were removed on
the 9" day, and the patient was discharged for outpatient
follow-up with a recommendation to check the radicality
of clipping in 6 months.

DISCUSSION

Performing open surgeries on cerebral aneurysms
is associated with an increased risk of intraoperative
bleeding during dissection of the aneurysm dome and
neck [8].
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FIG. 1. Computed tomography (A), computed tomography angiography (B, C), and cerebral angiography (D) of a 46-year-old
patient with an aneurysm of the ophthalmic artery orifice before surgery.

A, B. Axial section: aneurysm dome (arrow), no signs of hemorrhage.

C. 3D reconstruction: 1 - aneurysm dome, 2 - M2 segment of the middle cerebral artery, 3 - C7 segment of the internal carotid

artery.
D. Lateral projection: aneurysm dome (arrow).

Patients with ophthalmic artery aneurysms, which are
anatomically complex and difficult to access for surgery,
are operated on mostly using intravascular methods.
These include occlusion using microcoils: balloon and
stent assistance, as well as the installation of flow-
diverting devices [9-11].

In open surgery, prevention and control of bleeding
from intradural and transit aneurysms of the ophthalmic
segment of the ICA are particularly important, since
routine application of temporary clips proximal to the

aneurysm is impossible due to anatomical conditions.
To date, the main method for controlling bleeding
from ophthalmic aneurysms remains the exposure of
the bifurcation of the common carotid artery into the
internal and external branches in the neck. This method
of proximal control involves the use of a second surgical
approach with possible complications: paresis of the
vocal cords and tongue; hematoma in the surgical area,
causing compression of the trachea and severe breathing
difficulties, in some cases requiring intubation or
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FIG. 2. Clipping of the aneurysm of the right ophthalmic artery orifice in a 46-year-old patient.
A. Removal of the superior wall of the carotid canal, exposure of the petrous segment of the internal carotid artery (arrow).

B. Temporary clipping of the C2 internal carotid artery (arrow).

C. Dissection of the aneurysm of the ophthalmic artery orifice: 1 - optic nerve, 2 - aneurysm dome, 3 - internal carotid artery.

D. Clipping of the ophthalmic artery aneurysm (arrow).

tracheostomy; dissection of the exposed arteries. Access
to the neck vessels may be difficult or impossible in the
presence of cicatricial adhesive process after previous
surgery or radiation therapy [4].

Occlusion of the ICA in the neck often does not lead
to complete cessation of antegrade blood flow through
the ophthalmic segment, which is associated with the
presence of distal anastomoses between the ICA and
branches of other brachiocephalic arteries [12].

Methods for mobilizing the ICA proximal to its
cerebral portion, in the ICA carotid canal, were proposed
quite some time ago [6, 7], but they did not become
widely used due to the complexity of their technical
implementation and the presence of a number of
shortcomings. The intradural access to the petrosal part
of the ICA proposed by T.M. Wascher et al. [6], involved
complete mobilization of the temporal lobe pole, which
significantly increased the risk of developing venous
cerebral infarction in the surgical area, and the use of
a balloon catheter for occlusion of the ICA carried the
risks of incomplete occlusion or excessive compression,
leading to damage to the arterial wall.

In the technique described by L.N. Sekhar et al.
[7], orbitomaxillofacial craniotomy was proposed
for the isolation of the petrosal segment of the
ICA, which made the operation more traumatic and
worsened cosmetic results. In addition, in all cases,
when drilling the carotid canal in the posterolateral

triangle (Glasscock triangle) required opening the
bony part of the auditory tube, which increased the
risk of developing inflammation of the middle ear
inflammation and hearing loss. Both techniques
involved transection of the greater petrosal nerve,
creating a potential risk of complications due to
denervation of the lacrimal gland on the access side.

In the described case, a modified method of proximal
bleeding control was used (video) [5]. To perform this
procedure, after standard pterional craniotomy, the
upper wall of the carotid canal in the posteromedial
triangle (Kawase triangle) is resected using an extradural
approach. The roots of the trigeminal and greater petrosal
nerves are preserved; the Eustachian tube, cochlea,
and internal auditory canal remain intact. The ICA is
mobilized in a sheath of periosteum lining the walls
of the carotid canal, which minimizes its trauma, and
occlusion of the ICA with clips with a specified degree of
compression of their branches reliably stops blood flow
without damaging the vascular wall.

CONCLUSION

The use of modern methods of proximal bleeding
control during open surgery in patients with aneurysms
of the ophthalmic segment of the ICA, including
temporary clipping of the petrosal segment of the ICA,
allows for the optimization of surgical technique. This
results in increasing the safety of the intervention due to
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FIG. 3. Computed tomography (A), computed tomography angiography (B, C) of a 46-year-old patient with an aneurysm of the
ophthalmic artery ostium 24 hours after surgery. Total clipping, cerebral blood flow not compromised.

A, B. Axial section: clip on the aneurysm (arrow).
C. 3D reconstruction: clip on the aneurysm (arrow).

the reliable prevention of bleeding, as well as minimizing
the amount of tissue trauma, and improving cosmetic and
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functional outcomes. All of these factors are important
for the patient’s quality of life.
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SECHENOV

MEDICAL JOURNAL // Spur-cell anemia in patient with acute-on-chronic liver failure: clinical case
&

Summary Spur cell anemia, a complication of decompensated cirrhosis associated with poor prognosis, is
diagnosed by the detection of acanthocytes in peripheral blood smears, while liver transplantation
remains the only definitive therapeutic option.
Diagnosis 39-year-old man A blood smear
October
e Severe anemia 2024
e Alcoholic liver cirrhosis ® 20% spiny red blood cells, > i - Il
e Acute-on-chronic liver failure half of which are ; . ¥ £
acanthocytes T
Treatment

[

G

CLIF-C ACLF score = 46 -
Hemoglobin 50 g/I Failure of

conservative therapy tor ::S(;Jt; ?:falli‘g s;-]r

Liver function and anemia parameteres before and 3 months after liver transplantation

Parameters Before After
. June
Albumin, g/I 271 36 2025
Total bilirubin, pmol/L 405 19 “
INR 2.55 1.2 ﬂ
Hemoglobin, g/I 50 125

Liusina E.O., Suvorova N.A., Kostikov A.P. Spur-cell anemia in patient with acute-on-chronic liver failure: clinical 10 minutes E b
case. Sechenov Medical Journal. 2025; 16(3): 48—55. https://doi.org/10.47093/2218-7332.2025.16.3.48-55 to read B G

At |

One of the rare forms of anemia in patients with liver cirrhosis (LC) is acanthocytosis (spur cell anemia) — a non-

immune hemolytic anemia caused by alterations in the lipid composition of the red blood cells membrane because
of severe liver failure.
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Case report. A 37-year-old patient with decompensated alcoholic LC (Child-Pugh class C, the MELD-Na (Model for
End-Stage Liver Disease - Na) score was 34 points) presented with severe weakness and dyspnea. Acute-on-chronic
liver failure was diagnosed: CLIF-C ACLF (Chronic Liver Failure Consortium Acute-on-Chronic Liver Failure Score)
score was 46. Severe macrocytic anemia with reticulocytosis was detected: hemoglobin = 50 g/L, red blood cells -
1.26x10"%/L, reticulocytes - 77.9 %. Other causes of anemia, such as blood loss, iron deficiency, vitamin B, , and folate
deficiencies were excluded. The Coombs test was negative, and bone marrow examination ruled out myelodysplasia.
Blood smear analysis revealed that 20% of red blood cells had the shape of spur cells, with approximately half of
them being acanthocytes. Orthotopic liver transplantation was performed. Follow-up examination after three months
showed normalization of liver function tests and absence of anemia and acanthocytosis.

Discussion. This case report highlights the need for blood smear examination to detect acanthocytes - a rare but
prognostically unfavorable cause of anemia in patients with LC. Liver transplantation remains the only effective
treatment option.

Keywords: spur-cell anemia; hemolysis; cirrhosis; alcohol; acanthocytes; MELD-Na; CLIF-C ACLF; liver transplantation
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A HH 0T Ly 1

OnHoM 13 peaknx hopmM aHEMIUW Y NALMEHTOB C LMPPO30M nedyenu (LIM) aBnseTcs akaHToLMTo3 (LUINOPOKIETOYHAS
aHemus) = HeMMMYHHas FeMOINTNYECKas aHEMUS, 06YCNIOBNIEHHAS N3MEHEHUEM NUMUAHOMO COCTaBa MEMBPaHbI
9PUTPOLMTOB B pe3y/ibTaTe TSHKENOh NeYeHOYHON He0CTAaTOYHOCTY.

OnucaHue cnyvas. Y nauyenTta 37 neT ¢ JeKkoMMeHcKpoBaHHbIM ankorofbHbIM LI (knacc C no wkane Child - Pugh,
nuaekc MELD-Na (Model for End-Stage Liver Disease — Na, Mogenb Ans oueHKM TepMUHanbHON cTagny 3aboneBa-
HUsl NeYeHN C y4eTOM HaTpKsa) cocTaBun 34 6anna) NosBKUNach BbipaxkeHHas cnabocTb M OfblLIKa. [IMarHocTMpoBa-
HO OCTPOE NOBPEX/EHME NeYeHn Ha GOHe XPOHNYECKOr0: nokasaTtenb no wkane CLIF-C ACLF (Chronic Liver Failure
Consortium Acute-on-Chronic Liver Failure Score, WKana OLeHKN OCTPOro NOBPEXAeHUS NeveHr Ha GOHe XPoHU-
yeckoro KoHcopumMyma no “3y4YeHnto XpoOHNYECKO NeYyeHoYHo HefJOCTaTOYHOCTH) cocTaBuna 46 6annos. Bbiss-
NeHa TSHKenas MakpouuTapHas aHeMusi C peTUKYNoUMTO30M: reMornobuH — 50 r/n, aputpoumntsl — 1,26x10'%/n,
peTukynoumnTbl = 77,9 %. VcknodeHa kposonoteps, AeduuuT xenesa, ButamnHa B, u Gonatos, npoba Kymoca
oTpuuaTenbHas, CCnefoBaHe KOCTHOMO Mo3ra UCKIKYMI0 Muenogucnnasuto. B maske kposn 20% aputpoum-
TOB MMenn GOPMY LUMNOPOBMAHBIX KNETOK, 13 HIX OKONO MOMOBUHbBI — aKaHTOUWTbI. BbINosHeHa opToTonMyeckas
TpaHCNNaHTauus neyeHn. KOHTponbHOEe obcnefoBaHye Yepes Tpi Mecsla nokasano HopManu3aumo NeYyeHoUHbIX
(QYHKUMOHANbHbBIX TECTOB W OTCYTCTBME aHEMUM W aKAHTOLMTO3a.

06cyxpeHune. [1peacTaBNEHHbIN CNyYaii JEMOHCTPUPYET HEO6XOAUMOCTb N3YYeHNS Maska KPOBU /11 BbISBNEHMS
aKaHTOUMTOB Kak PeAKOoiA, HO MPOrHOCTMYECKM HEONArONPUATHOM NPUYMHBLI aHeMun y nauneHToB ¢ L. EanHcTBeH-
HbIM 3D (OEKTUBHBIM METOOM NleYeHUs ABNSETCA TPaHCMNaHTaUuUs neyYeHu.

KniouyeBble cnoBa: LINMOPOK/IETOYHAS aHEMUS; TEMOSINS; LIMPPO3; ankorofb; akaHtounTbl; MELD-Na; CLIF-C ACLF,;
TpaHCNAaHTauma neyeHu

Py6puku MeSH:

LIMPPO3 MEYEHW AJTKOTONTbHbIV = OCNTOXHEHNSA

LIMPPO3 MEYEHW ANIKOTONbHbBIV - XUPYPI 4

AHEMUA TEMONTUTNYECKAA - MATO0I N4

AHEMWSA TEMOJTUTUYECKAA - 3TNOJI0T N4

AKAHTOLMNTBI

OMNCAHWME CITYYAEB
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HIGHLIGHTS

Acanthocytosis (spur cell anemia) in a patient with liver cirrhosis is a rarely diagnosed but highly unfavorable prognostic form of anemia,

particularly in the setting of acute-on-chronic liver failure.

The diagnosis of acanthocytosis is based on microscopic examination of a peripheral blood smear.

Liver transplantation is the only effective treatment option for spur cell anemia in patients with liver cirrhosis.

Anemia is a common complication of liver cirrhosis
(LC), occurring in 66-75% of patients, and is associated
with a higher rate of cirrhosis decompensation, hospital
admissions, development of acute-on-chronic liver
failure (ACLF), reduced survival, and increased
mortality [1, 2]. The most common etiological factors
of anemia in L.C patients are iron, folic acid, and vitamin
B,, deficiencies, as well as chronic inflammation.

One of the least studied and rarely diagnosed forms of
anemia in patients with L.C is spur cell anemia (SCA) —
a type of non-immune hemolytic anemia that develops
because of abnormalities in the lipid composition of red
blood cells membranes. In particular, there is an increase
in the cholesterol-to-phospholipid and protein ratio,
which in turn increases membrane rigidity, reduces its
fluidity, and leads to mechanical damage of the cells.
In addition, fatty acid metabolism is disrupted: their
incorporation into phosphatidylethanolamine decreases,
while incorporation into acylcarnitine increases. Such

disturbances are characteristic of all forms of SCA, as
they impair the restoration of membrane lipids and lead
to the formation of characteristic protrusions (spurs) on
the red blood cells surface, which can be observed under
blood smear microscopy [3].

Spur-shaped red blood cells (acanthocytes) undergo
hemolysis and are eliminated by the mononuclear
phagocyte system. The standard diagnostic criterion for
SCA is the detection of more than 5% acanthocytes in a
blood smear with a hemoglobin level below 100 g/L. and
the exclusion of other causes of anemia [4].

The development of SCA in patients with LC is
associated with an unfavorable prognosis, frequent episodes
of decompensation, and higher mortality rates [5-7].

Currently there is no effective treatment for
SCA; various pharmacological agents with different
mechanisms of action and plasmapheresis have been
described, although it is underlined that only liver
transplantation leads to resolution of the anemia [8].
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The aim of this case report is to demonstrate
the development of secondary acanthocytosis in a
patient with severe hepatic dysfunction and to increase
clinicians’ awareness of this rare etiology of anemia.

CASE REPORT

A 37-year-old male patient, technical specialist with
a history of alcohol abuse over the past 3-5 years first
noted scleral icterus in November 2023. Laboratory
tests revealed elevated levels of bilirubin, alanine
aminotransferase, aspartate aminotransferase, and
gamma-glutamyl transpeptidase. Viral and autoimmune
etiologies of liver disease, Wilson’s disease, and
hereditary haemochromatosis were excluded. The patient
had no metabolic risk factors, and ultrasonography of
the liver showed no signs of steatosis, which allowed
the exclusion of metabolic dysfunction-associated
steatotic liver disease. Upon alcohol abstinence, jaundice
regressed.

In April 2024, the patient developed recurrent
jaundice. Laboratory tests revealed hyperbilirubinemia,
elevated alanine aminotransferase, aspartate
aminotransferase, and gamma-glutamyl transpeptidase,
hypoalbuminemia, moderate thrombocytopenia, and
a slight decrease in hemoglobin to 121 g/L. (Table).
Imaging investigations showed signs of portal
hypertension (grade 2 esophageal varices, minimal
ascites, splenomegaly). A diagnosis of severe alcoholic

hepatitis (Maddrey’s discriminant function was 41) and
L.C was established. The patient responded to treatment
with prednisolone 40 mg/day: on the day 7%, the Lille
score was 0.06, which after prednisolone was gradually
tapered and discontinued. During therapy, the severity
of jaundice decreased, although complete regression
was not achieved.

In August 2024, the patient’s condition deteriorated,
with the onset of weakness, dyspnea, ascites, and
oedema. Laboratory tests revealed hyperbilirubinemia,
marked hypoalbuminemia, severe anemia (hemoglobin -
79 g/L), elevated C-reactive protein, and deficiencies of
vitamin B , (159 pg/mL) and folates (1.9 ng/mL) (Table).
Iron metabolism indices were within the reference
ranges. The severity of LLC was classified as Child-Pugh
C, MELD-Na (Model for End-Stage Liver Disease -
Na) was 25 points. The anemia was initially attributed
to vitamin B , and folate deficiency. Treatment included
albumin infusions, a single erythrocyte transfusion,
spironolactone, furosemide, rifaximin, vitamin B,
folic acid, and thiamine. Improvement was observed,
with reduction in oedema and ascites, some alleviation
of weakness and dyspnea, and a transient increase in
hemoglobin to 85 g/L.

During the following month, progressive weakness,
dyspnea, and oedemarecurred. The patient was readmitted
in October 2024. On examination: body temperature
36.5 °C, oxygen saturation 98%, clear consciousness

Table. Dynamics of laboratory parameters in a patient with liver cirrhosis

Parameter Ref. range Nov. 2023 Apr. 2024  Aug. 2024 Oct. 2024 Jul. 2025

Complete Blood Count

hemoglobin, g/I 130-170 132 121 79 50 125

red blood cells, x10'%/I 4.3-5.7 4.2 3.5 2.3 1.3 4.0

reticulocytes, % 77.9 5.1

white blood cells, x10%/1 4.5-11.0 6.5 6.9 8.4 15.6 4.1

Neutrophils, x10%/I 1.78-5.38 5.2 111 2.0

Plateles, x10%/I 150-400 137 80 47 86 124
Biochemistry

albumin, g/I 35-52 31.2 27.6 27.1 36.0

ALT, U/I <35 80 58 27 13 12

AST, U/I <35 230 72 82 52 17

LDH, U/I 671 182

GGTPR, U/I <49 938 526 621 749 32

total bilirubin, pmol/I 3.4-20.5 42 214 273 405

direct bilirubin, pmol/I <8.6 34 176 207 172

creatinine, pmol/I 49-90 70 95 110 152 127

cholesterol, mmol/I <5.0 6.7 2.5 1.9 3.2

C-reactive protein, mg/L <5.0 36 20 3
Coagulation panel

INR 0.8-1.2 1.13 1.75 1.65 2.55 1.20

prothrombin time, sec 9.4-12.5 18.7 23.4

fibrinogen, g/I 2.0-4.0 3.1 2.6 1.5 1.8 2.4

Note: ALT - alanine aminotransferase; AST - aspartate aminotransferase; GGTP - gamma-glutamyltranspeptidase; INR - international
normalized ratio; LDH - lactate dehydrogenase.

52

CEYEHOBCKW BECTHUK T. 16, Ne 3, 2025 / SECHENOV MEDICAL JOURNAL VOL. 16, No. 3, 2025



(Glasgow Coma Scale score was 15), no signs of overt
hepatic encephalopathy. The skin, sclerae, and visible
mucosae were icteric, lower extremities oedema were
present. Heart rate was 83 bpm, blood pressure - 115/75
mmHg. The abdomen was enlarged due to non-tensed
ascites, non-tender on palpation, hepatosplenomegaly
was noted.

Abdominal ultrasound showed grade 2 ascites,
hepatosplenomegaly, and dilation of the portal and
splenic veins. Upper endoscopy showed grade 2
oesophageal varices.

Laboratory tests demonstrated persistent marked
hyperbilirubinemia involving both fractions, elevated
gamma-glutamyltranspeptidase,impairedhepaticprotein-
synthetic function (hypoproteinemia, hypoalbuminemia,
hypocholesterolemia, = hypocoagulation), elevated
C-reactive protein, and increased creatinine up to 152
umol/L.

A complete blood count revealed severe macrocytic
anemia with reticulocytosis: hemoglobin - 50 g/L,
red blood cells - 1.26x10'%/L, reticulocytes - 77.9 %o,
MCV (mean corpuscular volume) - 126 fL; moderate
thrombocytopenia  (platelets - 86x10°/L), and
leukocytosis (white blood cells - 15.6x10%/L) with a left
shift (Table).

Urinalysis showed increased urobilinogen and direct
bilirubin, but no free hemoglobin, proteinuria or urinary
sediment abnormalities.

A diagnostic workup for the causes of anemia was
conducted. Occult blood was not detected in stool
samples (tested twice). [ron metabolism parameters —
serum iron (26 pmol/L), transferrin saturation (47%),
and latent iron-binding capacity (24.9 ymol/L.) — were
within reference limits, excluding iron deficiency. Serum
vitamin B, (201.4 pg/mL) and folic acid (9.2 ng/mL)
concentrations were within normal ranges. Lactate
dehydrogenase levels were elevated, and the direct
Coombs test was negative.

A peripheral blood smear demonstrated anisocytosis
(macrocytosis), poikilocytosis, spherocytes, target cells,
and 20% of red blood cells with spur-like morphology,
approximately half of which were acanthocytes.
Howell-Jolly bodies were observed in some red
blood cells (Figure). The patient was examined by a
hematologist, and sternal puncture revealed erythroid
hyperplasia. To exclude hypothyroidism as a potential
cause of secondary acanthocytosis, thyroid-stimulating
hormone was measured (2.5 mIU/L), which was within
the reference range.

Thus, in a patient with toxic etiology liver cirrhosis
(Child-Pugh class C, MELD-Na was 34), ACLF was
diagnosed: CLIF-C ACLF (Chronic Liver Failure

BHYTPEHHWE BOJIESHU

Consortium Acute-on-Chronic Liver Failure score)!
score was 46. The severity of ACLF was grade 2 with
the development of hepatic failure and acute kidney
injury of prerenal origin stage 1 according to KDIGO
(Kidney Disease: Improving Global Outcomes).
Based on hematological evaluation, secondary
acanthocytosis was diagnosed in the patient with
severe hepatic failure.

Treatment of L.C and its complications was conducted
in accordance with the clinical guidelines of the Ministry
of Health of the Russian Federation?. To correct anemia,
three packed red blood cell transfusions were performed,
achieving a maximum hemoglobin level of 71 g/L.

The patient met the criteria for severe decompensated
LC with signs of poor prognosis, which justified
consultation with a transplant specialist and placement
on the liver transplantation waiting list. In spring
2025, orthotopic liver transplantation was performed.
The surgical procedure was completed without
complications, appropriate immunosuppressive therapy
was administered, and three months post-transplantation,
anemia resolved: hemoglobin was 125 g/L, red blood
cells - 4.0x10'%/L, and no acanthocytes were detected
(Table).
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FIG. Peripheral blood smear, Romanowsky-Giemsa stain,
magnification x1000.

Note: 1 - normal red blood cell; 2 - pathological red blood cell
inclusions (Howell-Jolly bodies); 3 - spherocyte; 4 - target cell; 5 -
spur cell: echinocyte (uniform, evenly distributed spicules); 6 - spur
cell: acanthocyte (irregular, unevenly distributed spicules).

! Chronic Liver Failure Consortium Acute-on-Chronic Liver Failure score. https://efclif.com/research-infrastructure/score-calculators/clif-c-of-

aclf-ad/ (access date: 05.06.2025).

2 Ministry of Health of the Russian Federation. Clinical Guidelines. Liver Cirrhosis and Fibrosis (approved by the Ministry of Health of the
Russian Federation, 2022) https://cr.minzdrav.gov.ru/view-cr/715_2 (access date: 05.06.2025).

CEYEHOBCKWM BECTHUK T. 16, Ne 3, 2025 / SECHENOV MEDICAL JOURNAL VOL. 16, No. 3, 2025 53



INTERNAL DISEASES

DISCUSSION

Approximately in 50% of anemia cases observed in
patients with liver cirrhosis, as reported by B. Scheiner
et al. [1], the underlying etiology remains unknown
even after comprehensive laboratory and instrumental
diagnostic work up.

The presented clinical case shows the diagnostic
workup for anemia, during which all causes of anemia
(iron-deficiency, megaloblastic, and hemolytic anemias
(including autoimmune anemia and anemia associated
with Wilson’s disease), as well as anemia due to bone
marrow aplasia) were excluded. Based onthe combination
of clinical, laboratory, and morphological data, a
diagnosis of secondary acanthocytosis due to LC was
established. Another potential mechanism contributing
to anemia could be chronic inflammation in the patient
with LC; however, iron metabolism parameters did not
indicate functional iron deficiency.

Microscopic examination of the peripheral blood
smear revealed diverse red blood cells morphologies:
hyperchromic macrocytes, spherocytes, codocytes,
echinocytes, acanthocytes, and red blood cells containing
Howell-Jolly bodies. This combination may reflect both
the severity of the underlying disease and the effects of
therapeutic interventions. The presence of spherocytes is
likely related to prior blood transfusions, while Howell-
Jolly bodies and pronounced poikilocytosis indicate
functional hyposplenism developing in LC and during
hemolysis [9].

In this case, the absence of hematological pathology
prior to liver disease manifestation excludes hereditary
forms of acanthocytosis. Normal thyroid-stimulating
hormone levels and bone marrow findings ruled out
hypothyroidism and myelodysplasia as causes of
secondary acanthocytosis.

In routine clinical practice, distinguishing
acanthocytes from echinocytes in blood smears may
present certain diagnostic challenges. Acanthocytes
are pathological, irreversibly altered red blood cells
with unevenly distributed spicules, formed due to
lipid metabolism disorders, membrane damage from
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hemolysis, and impaired splenic clearance of defective
red blood cells [10]. Echinocytes, by contrast, have
evenly distributed projections and are reversible; their
appearance may result from osmolarity disturbances,
smear preparation technique, or sample transport [11].

SCA in patients with alcoholic LC must be
differentiated from Zieve’s syndrome, which presents
with the triad of hemolysis, jaundice, and dyslipidemia.
In Zieve’s syndrome, improvement may occur with
alcohol cessation and conservative therapy, whereas SCA
is irreversible and serves as a marker of poor prognosis
[12], as observed in the presented case.

Pharmacotherapy for SCA remains insufficiently
studied: few case reports describe positive effects
of flunarizine, pentoxifylline, cholestyramine, high-
dose steroids, and plasmapheresis [2, 13, 14]. Blood
transfusions provide temporary correction but may
contribute to iron overload and progression of liver
damage.

In the presented patient, the development of ACLF
and secondary acanthocytosis were extremely poor
prognostic factors. It should be emphasized that among
all available interventions, only liver transplantation
has demonstrated the ability to reverse both hepatic
decompensation and the characteristic red blood cells
changes observed in acanthocytosis [15]. This was
clearly illustrated by the outcome in our patient.

Given the high prognostic significance of
acanthocytosis even in the absence of anemia in patients
with ACLF [7], it can be anticipated that this parameter
may be evaluated for potential inclusion in future ACLF
severity scoring systems.

CONCLUSION

The presented clinical case of SCA highlights the
complexity of diagnosing rare causes of anemia in patients
with decompensated LC and ACLF. Morphological
assessment of peripheral blood smears is a simple and
accessible method for detecting acanthocytosis. Liver
transplantation remains the only intervention capable of
achieving regression of both hepatic insufficiency and
acanthocytosis.
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