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Opportunities for predicting cesarean scar insufficiency
M.V. Galustyan, I.I. Kutsenko, I1.0. Borovikov, A.S. Magay
Kuban State Medical University, Krasnodar, Russia

Objective. The study aimed to compare the diagnostic value of different methods of assessing the condition of the scar on
the uterus after a cesarean section. Materials and methods. A comparative analysis of the diagnostic value of assessing the
validity of the scar on the uterus in the pre-graviridar period and during pregnancy ultrasound (ultrasound) investigation with
dopplerometry (DM), magnetic resonance imaging (MRI), and microwave radiothermometry (RTM). The study included fertile
patients after delivery by cesarean section (n = 56), at the planning stage, during pregnancy and after delivery, both through
natural birth pathways and by re-cesarean section. Results. A comparative analysis of the assessment of the scar in the uterus by
the mentioned methods revealed the comparable diagnostic value of these methods during the planning phase of pregnancy and
in gestation time 11-12 and 20 -21 weeks, while at the period of 37-38 weeks, the sensitivity of RTM was significantly (1.6 times)
higher than ultrasound investigation. Conclusions. Despite the high diagnostic effectiveness of all three methods of assessing the
condition of the uterine scar after cesarean section, the method of microwave radiothermometry has advantages in the simplicity
of the method, lack of need for expensive equipment, and specialized qualifications of the doctor.
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B03MO:XHOCTH IPOTHO3UPOBAHUA HECOCTOATEIBHOCTH PyOoIIa
Ha MaTKe [MocJjie onepanuy KecapeBa cedeHud

M.B. Ianyctan, VI.J. Kynenko, 11.0. bopoBukos, A.C. Maraii

Ky6anckuii eocydapcmeennuiii meouyunckuii ynusepcumem, Kpacrnooap, Poccus

Ienn: cpaBHUTH AMATHOCTUYECKYIO LIEHHOCTb PA3/IMYHBIX METO/IOB OLICHKN COCTOSIHMs PyOlia Ha MaTKe [OC/Ie OHMepariun
KecapeBa ceueHMs. MaTepuambl M MeTOABI: IPOBENEH CPABHUTENbHBIN aHA/NINU3 AMATHOCTMYECKON IIEHHOCTM OL€HKU
COCTOATENBHOCTH PyOla HA MaTKe B IIPEATPABUIAPHOM IIEPUOJE U BO BpeMsi 0epeMeHHOCTH YIbTPa3BYKOBOIO MCC/IEOBAHIS
(Y3U1) ¢ ponmnepomerpueir (M), MarHuTHO-pe3oHaHcHOI ToMmorpaduu (MPT) u MMKPOBOTHOBOI PafMOTEPMOMETPUN
(PTM). Marepnaiom McciefoBaHms MOCTYXIIN (epTIIbHbIe MAMEHTKI TOC/IE POJOPa3peLIeH s Ty TeM OlePaLIi KecapeBa
cedyeHus (n = 56) Ha 3Tale IVIAHUPOBAHUA, BO BpeMs OepeMEHHOCTH I IOC/Ie POJOPA3peIIeHUs KaK depe3 eCTeCTBeHHbIE
POMOBBIE IYTH, TAK U IYTEM IIOBTOPHOTO KecapeBa cedeHMs. PesylIbrarbl: CDaBHUTE/NIbHBII aHA/IN3 OLEHKM COCTOSATENbHOCTH
py61ia Ha MaTKe TpeMs CII0COOAMI BBIABII COIOCTABUMYIO ANATHOCTUYECKYIO IIEHHOCTD 3TUX METOIOB Ha 9Talle [VITAHNPOBAHNUS
6epeMeHHOCT! U B CpoKe recranuu 11-12 u 20-21 Hefenb, IpU 9TOM Ha CpoKe 37-38 Heflelb 4yBCTBUTENbHOCTh PTM 6blna
mocToBepHO (B 1,6 pasa) Boiile, yeM Y3V, 3aKmoueHme: HeCMOTPSI Ha JOCTATOYHO BBICOKYIO IMaTHOCTIYECKYI0 9 HeKTUBHOCTD
BCeX TPEX METONOB OLEHKM COCTOSHMA pyOlla Ha MaTKe IIOCIe OIlepalyy KecapeBa Ce4eHMs, METOJi MUKPOBOTHOBOII
PagoTepMOMETPUN VIMeeT IIPEMMYIIeCTBA B JIETKOCTV BBIITOTHEHNS, OTCYTCTBUM HEOOXOHMMOCTM B HOPOrOCTOSIEM
0060pyIOBAHNM 1 CHEIVaTN3MPOBAHHON KBamnpUKaIL[UY Bpada.

KrnroueBple cnoBa: KecapeBo cedeHne, pybell Ha MaTKe, Y/IbTPa3ByKOBO€ MCCIEOBaHNE, MarHUTHO-Pe3OHAHCHAs
ToMorpadsi, MUKPOBOTHOBAs PafIOTEPMOMETPUSL.
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Introduction

most widespread assisted delivery surgery (in the

Russian Federation, the rate is 15-16% on average,
reaching 30-40% in 3rd-level obstetrics centers — perinatal
centers) [1-4]. The number of extragenital pathologies and
patients with burdened gynecologic-obstetrical anamnesis
(especially, infertile patients after assisted reproductive
treatment and age primipara, and patients with combined
endocrine pathology) is increasing among the indications
for cesarean section [4, 5]. The above-mentioned factors
contribute to an increase in the number of abdominal
deliveries and contribute to the increase in women with a
uterine scar, which is the main indication for the repeated
cesarean section in nearly all countries [1-4]. At the same
time, the number of complications during a repeated
cesarean section increases by 3-4 times, which is more
than 20% (5 times higher than after the first cesarean
section [2-4]. A hysterectomy injury associated with
operative delivery leads to a disturbance of intrauterine
hemostasis and uterine drainage, which increases the
rate of hemorrhagic and purulent-septic complications
[5]. Besides, there are some unfavorable prognoses for
complete recovery after abdominal delivery that include
the increased risk of gynecological diseases (endometriosis,
secondary infertility, syndrome of pelvic pains), subsequent
obstetrical complications (ectopic pregnancy, premature
delivery, fetal presentation, and placenta increta) [1, 5-7].

The rationale for the present study is defined by the
factors that can in the future provide possible vaginal
delivery after assisted surgical delivery in the anamnesis,
which requires the establishment of significant and reliable
criteria for scar competence. Presently, obstetrician-
gynecologists have two opinions regarding conservative
vaginal delivery in patients with a uterine scar. Some
specialists believe that vaginal delivery in such patients
contributes to a decrease in the rate of caesarian sections,
and thus, the rate of associated complications [2]. Others
highlight the impossibility to standardize the criteria of
uterine scar competence, which will increase the rate of
metrorrhexis along the scar [1, 2]. Despite this diversity in
opinions, presently, more and more clinical studies appear
that focus on different methods of pregnancy and delivery
management in women with a uterine scar that would
provide successful vaginal delivery [4-9]. Even though
there is a high rate of repeated abdominal deliveries at the
majority of neonatal centers in Russia and the world, the
so-called “careful approach” to the choice of the method
of delivery in patients with a uterine scar, more and more
institutions (primarily of the level III) practice vaginal
delivery in such patients [10].

Primarily, the possibility of conservative delivery
in women with a uterine scar after cesarean section is
determined by the quality of the morphofunctional healing
of the lower uterine segment, which requires the search for

ln modern obstetrics, cesarean section is the
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reliable methods of evaluation of uterine scar competence
[11, 12]. Presently, the most widespread method of the
evaluation of the uterine scar is the ultrasonic investigation
ofthe uterinescarin the pre-conceptional period and during
pregnancy (evaluation of the thickness of the lower uterine
segment, consistency of the myometrium in the scar area,
acoustic density in the area of the former section). Besides,
a complex examination of the uterine scar is becoming
more popular before pregnancy (ultrasonography (US)
with a contrasting agent, hysterography with contrasting
agent, hysteroscopy, biopsy with further histological study,
computed tomography (CT), and magnetic resonance
imaging (MRI)) [11-13]. Even though the majority of
these studies provide quite reliable information on the
regeneration of the uterine scar, there are no precise criteria
on the uterine scar competence evaluation and there is no
objective algorithm for the determination of the possibility
of vaginal delivery for such women.

Apart from clinical and anamnestic signs of the uterine
scar incompetence, modern clinical recommendations
include ultrasound investigation during pregnancy
(indirect signs of the uterine scar incompetence include
the thickness of the lower segment less than 2 and more
than 5 mm, incompetence of the lower segment in the scar
area (balloon-shaped, cone-shaped lower segment), the
symptom of the “niche”, and increased acoustic density
along the former section. Still, a decision on the uterine
scar competence can be made intraoperatively only during
cesarean section with its visual evaluation or after vaginal
delivery (manual examination of the uterine cavity)
[11-13].

The method of microwave radio thermometry (RTM),
i.e. the measurement of the intensity of electromagnetic
radiation of the human tissues in the range of super-high
frequency for the evaluation of the uterine scar competence
after a cesarean section is a new and promising method
that has not been applied before in this area. A change in
tissue temperature can be caused by inflammatory changes
in the wounded tissues or their incompetence associated
with the regeneration in this area. Besides, the absolute
safety of RTM for patients and personnel should be noted.
All the above-mentioned provides the rationale for the
present study.

The study aimed to perform a comparison of the
diagnostic value of different methods of evaluation of the
uterine scar competence after abdominal delivery.

Materials and Methods

The studies were performed at the facilities of Kuban
State Medical University of the Ministry of the Russian
Federation at the Department of Obstetrics, Gynecology,
and Perinatology (Head of the Department Prof. Kutsenko,
PhD). A prospective, non-randomized study was
performed at the perinatal center of Krasnodar Regional
Clinical Hospital for Children (January 2018 - August
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2019). The study included 56 fertile women who had
abdominal delivery not later than 18 months before the
study, were included in the study during the pre-conception
period, and had a successful delivery. The examination
was performed according to the Decree No. 572n dated
November 12, 2012 of the Ministry of Healthcare of the
Russian Federation. The study was approved by the local
ethical committee Protocol No. 4 dated September 23,
2019.

Criteria of inclusion in the study:

- age 18 years old and older;

- one uterine scar after cesarean section in the lower
uterine segment (the surgery was performed not
later than 18 months before the study). The surgery
was performed in the 37" week of pregnancy and
later (single fetation). Uncomplicated post-operative
period;

- lack of severe somatic pathology and malignant
neoplasms;

- lack of other absolute and relative indications to
abdominal delivery;

- signed form of informed consent for participation in
the study.

Apart from a general clinical study (Decree No. 572n),
the methods of instrumental diagnostics of the uterine scar
competence after a cesarean section included transvaginal
ultrasound scanning and power Doppler, MRI, and
microwave RTM. US criteria of uterine scar competence
included the thickness of myometrium in the area of the
lower uterine segment, typicality of the scar location,
lack of deformities, “niches”, areas of retraction, lack of
fibrous inclusions and liquid structures in the scar, blood
feeding, and the condition of the retrouterine space. MRI
criteria included the lack of local niche-like thinning of the
myometrium.

The method of RTM (diagnostic complex RTM-01-
RES, Russia) included the measurement of the internal
myometrium temperature in the area of the uterine
scar and the temperature of the skin and subcutaneous
adipose tissue of the anterior abdominal wall. The study
was performed in the supine position on a standard
gynecological examination chair. The measurements were
made in 3 points by a transabdominal sensor and in 3
points — by a transvaginal sensor. An antenna for receiving
electromagnetic waves was applied to the studied point on
the anterior abdominal wall and vaginally until the current
temperature values were received. After the measurement
of the internal temperature, the temperature was measured
on the skin at the same points. The obtained results were
analyzed. The RTM study of the myometrium in the area of
the uterine scar revealed the most hypo- and hyperthermal
areas along the scar, thermal asymmetry, and dispersion
of the temperature. The results were presented as a graph
(horizontal axis - points of measurements, vertical
axis — temperature values) to evaluate the difference of
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temperatures in the area. To make a graphic image of a
thermogram, a method of color visualization of thermal
fields on the screen was used. The performed studies
allowed the authors to identify the index of thermal
asymmetry (ITA) as a ratio of hyper- and hypothermal
areas of the myometrium. This method provides increased
precision and objectivity of evaluation of the uterine scar
competence. At the stage of studies, a great number of
thermograms obtained from patients with cesarean section
revealed 3 typical features that were formalized by the
following factors:

1. Maximum temperature values in the area of the
uterine scar in comparison with the average temperature
tsc — tav, where tav = Y6ti/6, ti — the temperature in 6
points (3 - transabdominal, 3 - transvaginal).

2. The mean quadratic difference of temperatures
between the points in the uterine scar VY6ti2/6 was
compared in points 0...6.

3. Index of thermal asymmetry: ITA = (Tmax - Tmin);
where Tmax is the maximum temperature in the uterine
scar area, Tmin — the minimum temperature in the area
of the uterine scar (3 transabdominal, 3 - transvaginal).
When the ITA exceeds 0.9, this indicates an increased
thermal asymmetry, which can be a sign of the uterine scar
incompetence.

If the study is based on one parameter, the sensitivity
of the method will be 60-75%. When all the features
are considered, the sensitivity increases to 90% with the
specificity not less than 85%.

The study design included 4 visits: visit 1 (pre-
conception period) - informed consent, anamnesis,
complex clinical study, evaluation of the uterine scar outside
pregnancy (US, MRI, and RTM); visits 2, 3, and 4 (11th-
12th, 20th-21st, and 37th-38th week of pregnancy) -
evaluation of the uterine scar during pregnancy (US and
RTM); visit 5 (conservative/abdominal delivery) - visual
and clinical evaluation of the uterine scar.

The obtained results were included in the statistical
analysis with the calculation of the mean arithmetic value
(M), the standard of the mean (m), and a statistically
significant difference between the parameters (P) using the
Student-Fisher test and Statistica 6.0.

Results

The study included 56 women aged 23-35 years old
(mean age 28.3 + 4.7 years old) who were examined and
successfully delivered with one uterine scar after the
cesarean section. The interval between the previous surgery
and the first visit was 22.4 + 2.9 months. Anamnestic
cesarean section was performed as a planned (11/56 -
19.6%) and urgent surgery (45/56 — 80.4%). The majority
of operations were performed intranatally (31/56 - 55.4%).
Anamnestic data on the previous operations were obtained
from patients and delivery records from obstetrics centers.
Primarily, these records did not contain the peculiarities
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of the surgery and post-operative period (43/56 — 76.8%).
The collected anamnesis allowed the authors to reveal
the peculiarities of previous pregnancies, indications to
abdominal delivery, and the post-operative period. It was
impossible to obtain the data on the method of the uterine
section suturing and the used suturing material.

Discussion

The mean age of the first pregnancy of patients was 21.4 +
3.7 years old, the age of the first delivery was 26.1 + 3.4 years
old. Spontaneous miscarriage and missed miscarriage were

registered in 7.1% (4/56) women, ectopic pregnancy was
registered in 3.6% (2/56), which did not exceed the general
population values. In the other parameters, there were no
differences from the mean statistical values (Table 1).

Indications for cesarean section in the patients were
divided into the following groups (Letter of the Ministry
of Healthcare of the Russian Federation dated May 6, 2014
No. 15-4/10/2-3190; Bezhenar, 2019) (Table 2):

The most frequent indications for abdominal delivery
were fetal distress in 37.5% (21/56) and abnormalities in
the contractive activity of the uterus in 19.6% (11/56).

Table 1 / Tabnuia 1

Patient parity (n = 56)
ITapurer mamyenTok (n = 56)

KommuectBo pofios /
Number of births
2 3
n % n % n %
49 83,0 6 10,7 1,8
Ab6opT (apTnduIambHbIIL) A60pT (caMOTIPOM3BOIBHBIIN) SxTomnmyeckas 6epeMeHHOCTD
Abortion (artificial) Abortion (self-involuntary) Ectopic pregnancy
n % n % n %
8 14,3 4 7,1 2 3,6
Table 2 / Tabmuiia 2
Anamnestic evidence for abdominal delivery (n = 56)
AnaMHecTIYecKMe OKa3aHM:A K abJOMIHATIbHOMY POfopaspenteHnio (n = 56)
TMoxasauus / n %
Indications ’
IpepnesxaHue mIaleHTsl / ) 36
Placenta praevia ’
IIpexxneBpeMeHHas OTCIO0IIKa HOPMA/IbHO PACIIONOXKEHHOI II/IalleHThI / 4 71
Premature detachment of normally located placenta ’
HernpaBuipHOe HOIOXKeHMe 1 TIpejIe)xaHue 11opa / 7 125
Wrong position and fetal prejudging ’
IIpononrnpoBaHHasi / epeHolIeHHast 6epeMeHHOCTb / 5 8.9
Prolonged / premature pregnancy ’
[TnogoBo-rasosas pucnpomnopuus / Fetal-pelvic disproportion 3 5,4
AHaroMumyeckie IpersATCTBIUS B pofax / 0 0.0
Anatomical obstacles in childbirth ’
Yrpoyxaouuii paspblB MaTKu / 1 18
Threatening rupture of the uterus ’
Tsokénmas npesknammcust / ) 36
Severe pre-eclampsia ’
Huctpecc mnoga /
Fetal distress 21 37,5
AHOMa/num COKpaTUTE/IbHOI AesATeIbHOCTI MaTKy / 1 196
Abnormalities in the contractile activity of the uterus ’
ComaTnyecKast aToMorysl, CK/II0YAIOIIast IOTYIN / 0 0.0
Somatic pathology that excludes extinguishes ’
I[IpenbipyLye onepanmy Ha MaTKe / 0 0.0
Previous uterus surgeries ’
MeavumHcKuiA BecTHUK FOra Poccun T 57
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Ultrasound examination of patients in the pre-
conception period showed the following results: the
thickness of the uterine scar outside pregnancy > 5.0 mm
was revealed in 51/56 (91.1%) patients, the symptom of
“niche” - in 2/56 (3.6%) women who planned pregnancy,
increased acoustic densityin thearea ofthe former section —
in 4/56 (7.1%) patients. MRI confirmed the obtained data.
The thinning of the lower segment of the uterus < 4.3
mm was revealed in 5/56 (8.9%) women, the “niche” was
confirmed in 2/56 (3.6%) patients. RTM revealed that the
mean ITA in the studied group was 0.75 + 0.13; in 4/56
women, it exceeded the threshold (mean value of ITA
was 1.24 + 0.41), which is an indirect sign of uterine scar
incompetence (Figure 1).

A comparison of these three studies (US, MRI, and
RTM) did not reveal any differences in their diagnostic
value. The signs of the uterine scar incompetence (thinning
of the lower segment, “niche’, thermal asymmetry) were
detected in the same patients, four of them required
further hysteroscopy for the verification of the diagnosis,
three of them later underwent metroplasty, which was a
criterion for the withdrawal from the study. The remaining
53 patients conceived with further embryo development
within 34.2 + 9.6 weeks after a pre-conception preparation.
Taking into account that MRI during pregnancy is made
only when medically strictly required, further comparison
of the diagnostic value of methods was made between US
and RTM in the screening dates (11th—12th and 20th-21st
weeks) and full-term pregnancy (37th-38th weeks).
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In weeks 11-12 of pregnancy, US of the lower uterine
segment in 53 pregnant women revealed an average
thickness of the scar 4.1 + 0.8 mm (in 2/53 (3.8%) patients,
the thickness of the scar was not less than 2.0 mm), the
“niche” was not revealed in any patients. At this stage of
pregnancy, the average ITA was 0.79 + 0.14 (in 3/53 (5.7%)
women, ITA was > 0.90). Despite indirect signs of thinning
of the uterine wall in the area of the uterine scar in 2
patients and its inconsistency in 3 patients, the pregnancies
were successfully preserved. The study performed in weeks
20-21 of pregnancy showed similar results: the mean
thickness of the uterine scar was 3.8 £ 0.7 mm with the
lack of “niches” in all the pregnant women. At this stage,
the average ITA was 0.81 + 0.17. Indirect signs of uterine
scar incompetence were revealed in the same 3/53 (3.8%)
patients.

In the case of full-term pregnancies (37-38 weeks),
the results of the two methods of the study significantly
differed. The mean thickness of the lower uterine segment
in the area of the uterine scar in pregnant decreased
by 2 times and was 2.3 £ 0.8 mm. At the same time, in
12/53 (22.6%) of patients, a thinning of the uterine scar
was less than 2.0 mm, and in 5/53 (9.4%), a “niche” was
revealed. The data obtained by RTM showed that at this
stage of gestation, the mean ITA was 0.84 + 0.16. Thermal
asymmetry that exceeded the threshold values (0.9) was
registered in 19/53 (35.8%) pregnant (Figure 2). In other
words, at full-time pregnancy, RTM revealed indirect signs
of uterine incompetence 1.6 times more often than US.
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Figure 1. Patient thermoassymetry index (pre-gravity training).
Pucynoxk 1. VIHgeKc TepMoOaccHMeTpuy MAMEHTOK (IIperpaBugapHasi HOArOTOBKA).
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Figure 1. Patient thermoassymetry index (pre-gravity training).
Pucynoxk 1. VIHgeKc TepMoaccHMeTpuy MAMEHTOK (IIpeArpaBugapHasi HOArOTOBKA).
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Table 3 | Tabnuua 3
Evidence for abdominal delivery (n = 41)
IToxasaHus K aGOMUHATBHOMY poffopaspemnieHnio (n = 41)
IMoxasanns /
Indications

ITnanossre / 9
Planned " K
HecocrositensHOCTb pyOIia Ha MaTKe / 13 317
Insolvent scar on the uterus ’
HernpaBuibHOe ONIOXKeHE 1 TIpeJIeXaHye IIopa / 1 4
Wrong position and fetal prejudging ’
OTcyTcTBIE 6MOTOIMYECKOl TOTOBHOCTI K POfiaM / 4 98
Lack of biological readiness for childbirth ’
Kpynusiit o / ) 48
Large fetal >
[TnaneHTapHas HEOCTATOYHOCTS / 1 24
Placental insufficiency ’
OTKas 0T KOHCEPBATUBHbIX POJIOB / 3 73
Abandoning conservative childbirth ’
OKCTpeHHbIE / n %
Emergency ’
[T1070BO-Ta30Bast AUCIIPONIOPLVST / 1 24
Fetal-pelvic disproportion ’
Yrpoxxarouuii paspbiB MaTKu / 4 98
Threatening rupture of the uterus ’
Tsaxenas npesxnamncnus / 1 94
Severe pre-eclampsia ’
Huctpecc moga / 4 98
Fetal distress ’
AHOManuy COKpaTUTENbHOI AeATeTbHOCTY MaTKN / 6 14.6
Abnormalities in the contractile activity of the uterus ’
ITpexxaeBpeMeHHast OTCIOMKA HOPMa/IbHO PACIIONIOXKEHHON I/TaLleHThI / ] 24
Premature detachment of normally located placenta ’

The next stage for all the patients was delivery.
Abdominal delivery was observed in 41/53 (77.4%)
patients. Out of them, the planned surgery was in 24/53
(45.3%) cases, the rest underwent antenatal (6/53 (11.3%))
and intranatal abdominal delivery (11/53 (20.7%)). The
indications for the planned and urgent abdominal delivery
are presented in Table 3.

The most frequent indication for the planned
abdominal delivery was the presence of clinical and
functional signs of the uterine scar incompetence (13/53
(24.5%)). At the same time, intraoperatively, this diagnosis
was confirmed in 100% of cases (thinning and defects of
the muscular tissues in the area of the uterine tissue, which
required metroplasty). Among urgent indications for
cesarean section, there were abnormalities of contractive
activity of the uterus (6/53 (11.3%)), threatening rupture of
the uterus, and fetal distress 4/53 (7.5% each).

Besides, it should be mentioned that in 5/53 (9.4%)
cases, the uterine scar incompetence was revealed during
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surgery, i.e. the number of incompetent uterine scars was
18/53 (34.0%).

Thus, the evaluation of the uterine scar competence in
the pre-conception period by the three methods (US, MRI,
and RTM) was comparable by sensitivity and specificity.
In the case of full-time pregnancy, the evaluation of the
uterine scar competence revealed a higher sensitivity of
RTM diagnostics. Besides, this method does not require
specific training and narrow specialization of a doctor (4-
hour training). The apparatus is portable, compact, and
economically more beneficial.
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