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A case of thoracic ectopia cordis

Figure 1. Prenatal ultrasound of the foetus with thoracic ectopia cordis in longitudinal section.
(a) Without colour-Doppler; (b) With colour-Doppler.

Figure 2. The heart appears to be outside the thorax at the thoracic level in transverse section.

(a) Without Color Doppler; (b) With Color Doppler; (c) Left ventricular outflow.

and partial expulsion of placental material. The
anatomopathological examination of the foetus
and the cytogenetic analysis of the DNA of a flap
of foetal skin were then performed.

The macroscopic examination resulted in a female
foetus weighing 148 grams. The head circumfer-
ence was 13 cm, chest circumferences 12 cm, ab-
dominal circumference 11 cm, vertex-coccyx length
13.5 cm, foot length 21 mm, forearm length 21 mm.

She showed ear cups with slightly low insertion,
micrognathia and bilateral clubfoot (Figure 3).

Upon examination of the individual internal or-
gans, incomplete anterior development of the
diaphragm was highlighted with consequent
weakness and compression of the two lungs by ab-
dominal organs (particularly the liver). The lungs
showed alterations in their shape with inverted
diameters: the right lung of 23 (base) x13 (height)
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Figure 3. Isolated thoracic ectopia cordis with anterior chest wall defect
(yellow arrow), ear cups with slightly low insertion (blue arrow), microg-
nathia (green arrow) seen after abortion.

mm, and the left lung was 21 mm (base) x11 mm
(height). The ectopic heart appeared to be rotated
posteriorly with consequent slight torsion of the
aorta and pulmonary artery; a macroscopic exam-
ination did not reveal other malformations. A 10
mm long funnel adhered to the foetus with false
knots, and a placenta with mild deciduous inflam-
mation was observed.

Cytogenetic analysis revealed a 46, XX foetal
karyotype. A-CGH of the whole foetal genome
was performed. Whole genome a-CGH analysis
identifies DNA copy number variations (CNVs).
The OGT platform, CytoSure ISCA v2 4x180k slide,
with an average resolution of 25 kb and an over-
all analysis resolution of approximately 100 kb on
the whole genome, was employed (analysis soft-
ware: Cytosure (OGT) v4.10.44; sex match). The
CNVs produced by a shift in the normality value
of at least four consecutive probes were examined,
whose map positions refer to the Genome Refer-
ence Consortium human genome Hg19. The anal-
ysis was performed using a control pool of human
genomic DNA obtained from healthy anonymous
donors (Promega Human Genomic DNA, Male/
Female). The analysis detected a deletion of 274.9
Kb (£ 100 Kb) in the 19p13.3 band, containing the
following genes classified in the Online Mende-
lian Inheritance in Man (OMIM) Data Base: TLES,
TLE2, TLE5, GNA1L, GNA15, S1IPR4 and NCLN.

DISCUSSION

EC can be an isolated anomaly or part of Cantrell’s
pentalogy. Extracardiac abnormalities usually asso-
ciated with EC include facial and skeletal deformi-
ties, abdominal wall-midline defects (Cantrell pen-
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talogy), and central nervous system malformations
(meningocele and encephalocele) [10]. Intracardiac
anomalies are frequent in the thoracoabdominal
type and are usually of the conotruncal type (Fal-
lot’s tetralogy, transposition of the great vessels)
[11]. Other abnormalities include patent arterial
duct, hypoplastic left heart syndrome, and univen-
tricular heart with pulmonary stenosis. The finding
of cardiac anomalies, especially in isolated cases of
EC, worsens the prognosis [12]. Differential diagno-
sis of ectopia cordis includes pentalogy of Cantrell,
Beckwith-Wiedemann syndrome, amniotic band
syndrome, and limb-body-wall complex [13].

EC has a poor prognosis. In fact, patients with tho-
racic EC have a higher mortality rate (83%). Thora-
co-abdominal types appear to have better outcomes,
with a survival rate of 45% after a mean follow-up of
5.6 years [14]. EC is generally severe due to frequent
foetal growth restriction and high intrauterine and
perinatal mortality rates. In most cases, the new-
born dies a few days after birth, usually by infec-
tion, major heart failure or hypoxemia [15, 16]. Sur-
gical treatment is accepted throughout the literature
as the primary treatment option for EC. However,
due to the rarity of this condition, no single best sur-
gical approach has been accepted, and surgery has a
significant mortality rate. The surgical intervention
aims to provide a soft tissue covering for the heart,
reduce the heart into the thoracic cavity, repair intra-
cardiac defects, and reconstruct the chest wall [17].
If there are no other severe cardiac malformations,
surgery usually allows some patients to survive into
adulthood. With early diagnosis, pregnancy termi-
nation can be one option for families. If EC is diag-
nosed late, it needs a multidisciplinary approach
and a very experienced paediatric surgeon to im-
prove the prognosis.

EC can be associated with chromosomal anomalies,
especially trisomy 18 and Turner syndrome, and
genetic syndromes [18]. Previous studies have re-
ported the association with triploidy 69, XXY [19],
mosaic trisomy 16 [20] and 46, XX,17g+ [21]. Due to
the higher risk of such association, analysis of the
karyotype is highly recommended. Furthermore, it
is well known that a-CGH should be an adjunct to
antenatal care for women with abnormal ultrasound
findings and a normal karyotype. Until now, in the
literature we have little information on the possible
association of this condition with specific genetic ab-
normalities, such as microdeletions or microdupli-
cations [21]. With new technological developments,
the genetic analysis could help us better understand
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foetal pathology’s level of gravity to discover if oth-
er genetic abnormalities are associated with the one
found. Knowing what could be the actual progno-
sis of the foetus and how many chances of surviv-
al there may be, could lead to target therapy [22,
23]. There is no evidence of a clear genetic risk of
recurrence; however, with increasing knowledge of
pathological deletions and duplications detectable
by a-CGH and of gene-level pathological variants
detectable mostly by Next Generation Sequencing
(NGS), it may be possible to give an answer to di-
agnostic questions and offer adequate counselling
for families [24]. The utility lies in selected contexts:
ultrasound abnormalities with normal karyotype
(detection rate 11.5%) [25], chromosomal aberration
(22.2%) and supernumerary marker chromosomes
(50%) [26, 27]. Various microdeletions are reported
in the 19p13.3 band due to the presence of highly re-
petitive sequences, suggesting events mediated by
long interspersed nuclear elements (LINES) and/or
short interspersed nuclear elements (SINEs) as the
generators of these microdeletions [28]. Depending
on the size of the deletion this will result in a specif-
ic clinical presentation. Unfortunately, there are few
data on the prenatal effect of these deletions. The
19p13.3 region detected in our case is 6.9 Mb long
and contains several genes. Those included in the
deletion are:

e TLE2, TLEG6, TLE5: Transducin-like enhancer
(TLE) genes encode for members of the mater-
nal subcortical complex (SCMC) essential for
preimplantation embryonic development. Bial-
lelic mutations of the TLE6 gene have been as-
sociated with human embryonic lethality [29].
TLEZ2 is associated with neurogenesis and epi-
thelial differentiation during embryonic devel-
opment [30].

= GNAIl and GNA15 genes encode for the sub-
unit alpha 11 and subunit alpha 15 of a member
of G proteins family, which function as modu-
lators or transducers in various transmembrane
signaling systems. G protein subunit alpha 11
(GNALL) is related to normal craniofacial and
cardiovascular development [30].

= S1PR4 gene encodes for a member of the G-cou-
pled endothelial differentiation receptor (EDG)
family, involved in cell signaling and expressed
specifically in lymphoid tissue.

= NCLN (Nicalin) encodes for a protein that can
perform an antagonistic function of nodal sig-
naling and the subsequent organization of axial
structures during mesodermal remodeling.
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Mostly TLE2, TLE6 and GNAI1l may be in-
volved in the cardiac phenotype of the foetus.
Concerning TLE genes, Tbx20-TLE interactions
were validated in the mouse embryonic heart
and developmental genes regulated by Thx20:
TLE binding were identified, thus confirming
a primary role for a Tbx20-TLE repressor com-
plex in embryonic heart development [31]. Mice
carrying inactivating mutations of the Gaq gene
(Gnag) and the Gall gene (Gnall) showed some
cardiac alterations. Indeed, the roles of Gaq and
Gall in embryonic cardiomyocyte proliferation
and craniofacial development have been report-
ed [32]. In order to establish a possible trans-
mission of the detected deletion, it would have
been necessary to extend the examination to the
parents, who refused the analysis of the a-CGH.
Cases reported in the Decipher database that
overlap this region have a pathological pheno-
type, raising the suspicion that this CNV may
be de novo.

Nowadays, there are several prenatal tests avail-
able to detect chromosomal and genetic abnor-
malities. It is crucial for healthcare providers to
have a thorough discussion with expectant par-
ents, providing them with comprehensive, clear,
and empathetic communication exploring the
diagnostic opportunities and limitations of each
test. This will enable them to make informed
decisions. When a prenatal diagnosis is given,
it creates a sense of uncertainty for parents.
Healthcare providers have an exceptional op-
portunity to positively impact parents’ percep-
tion of the information communicated to them.
How the information is conveyed affects their
ability to cope with the diagnosis [33].

CONCLUSIONS

This case report suggests that array-CGH anal-
ysis should be performed in all cases of foetal
malformations with a normal karyotype. Indeed,
there could be sub-microscopic chromosomal ab-
errations not visible with classical cytogenetics,
nonetheless transmissible to the foetus, that may
be important to know in order to advise parents
on future pregnancies. In addition, discover-
ing the same or other submicroscopic deletions
or duplications by a-CGH could improve our
knowledge about the genetic basis of rare con-
genital anomalies.
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INTRODUCTION

ABSTRACT

Objective. To explore the efficacy and safety of temporary uterine packing
combined with topical tranexamic acid (TA) as an adjunct for reducing blood
loss during a haemorrhagic caesarean delivery (CD), compared with placebo.
Materials and Methods. A prospective, open label randomized controlled
trial was performed at an Obstetrics and Gynecology Department of a ter-
tiary University Hospital, Egypt, between January 1, 2019, and July 1, 2023.
Women were eligible if they underwent elective caesarean under spinal an-
aesthesia and were bleed around 700 ml by visual analogue estimation and
gravimetric measures. Participants were randomly assigned (1:1) to receive
400 pg misoprostol sublingually plus temporary uterine packing with topi-
cal tranexamic or matched placebo. the first outcome was the percentage of
patients for whom haemorrhage was controlled with just the trial regimen.
Results. Atotal of 180 women fully completed the protocol (90 in each group).
Extra needs of uterotonic or surgical procedures were performed in 26 (28.9%)
women within the TA group and in 59 (65.6%) controls. Blood loss between
enrolment and 6 hours later was significantly lower within the TA group
(1,005.9 + 141.3), than within the control group (1,254.2 + 228.5, p = 0.001).
Within the TA group, bleeding duration was shorter and progression to se-
vere PPH and PRBC transfusion was less frequent than in controls (p < 0.01).
Conclusions. Uterine packing combined with topical tranexamic acid ap-
plied at the placenta bed, appeared to be more effectively reduce blood loss
than did placebo during haemorrhagic CD.

delivery (CD) within the past decade has possibly
contributed to the increased rate of PPH [2].

Postpartum haemorrhage (PPH) may be a total
blood loss greater than 1,000 mL with signs and
symptoms of hypovolemia within 24 hours of the
birth process, no matter the route of delivery [1].
Caesarean delivery is that the most often per-
formed major operative procedure worldwide.
The worldwide rise in the incidence of caesarean

Approximately over a quarter of all the lower
segment, CS deliveries are complicated by prima-
ry PPH. So estimated blood loss of quite 700 mL
should alert the obstetrician to possible excessive
bleeding [3].

Blood loss after delivery could also be a compli-
cation that will occur suddenly and remain one

Copyright 2024
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of the leading causes of obstetric morbidity and
mortality throughout the planet. Timely manage-
ment strategies are urgently needed wherever
women deliver. Although there’s great progress
in obstetric care, 125,000 women die from blood
loss associated with delivery annually within the
planet [4].

There is a worldwide commitment to decrease the
speed of PPH to satisfy the need of the Millen-
nium Development Goal (MDG) of reducing ma-
ternal deaths by three-quarters by the year 2015,
as PPH account for 25% of maternal mortality
worldwide [5].

The competitive mechanism of actions of TA
should be effective when applied in a topical fash-
ion because it avoids fibrin degradation, TA acts
directly at active bleeding and clot formation sites
and not within the circulation. It had been previ-
ously supposed that this achieves a better thera-
peutic concentration at the location of bleeding,
effectively limiting blood loss [6].

The current research goals must now address the
role of topical application of TA to decrease the
speed of postpartum haemorrhage, particularly
in high-risk groups. Thus, TA should tend early
and empirically as soon as a PPH is diagnosed,
and before severe haemorrhage.

Due to the paucity of trials comparing the use of
topical tranexamic acid, it remains unclear wheth-
er the efficacy of topical TA administration in
CD for reducing blood loss within the high-risk
groups for postpartum haemorrhage is capable or
but that of IV administration [7, 8].

Our hypothesis is that temporary uterine packing
with topical TA effective than placebo in reducing
postpartum blood loss during haemorrhagic CD.
The current study compares the efficacy of tem-
porary uterine packing combined with topical
tranexamic with placebo in reducing blood loss
during and after haemorrhagic CD.

MATERIALS AND METHODS

This study was an open label, randomized con-
trolled trial conducted after an ethical commit-
tee agreement at a university hospital from Jan-
uary 1, 2019, to July 1, 2023. We prospectively
filed it at clinicaltrials.gov (NCT03778242). We
adherence to the CONSORT guidelines for ran-
domized trial reporting. Study inclusion criteria
were patients who were admitted for an elective

Nahla W. Shady, Ahmed A. Taha, Hany F. Sallam

or non-emergency CS during labour and ex-
posed to intraoperative bleeding about 700 ml
diagnosed by visual analogue estimation and
gravimetric method thanks to atonic uterus.
Women with a medical disorder, placenta previa,
placenta accrete, allergy to TA, and intraopera-
tive bleeding thanks to causes aside from uter-
ine atony were excluded from the study. Patients
over 40 or who have pre-existing coagulation
disorders, red blood cell disease, which is under-
stood to cause abnormal blood coagulation also
to exclude from the study.

Eligible participants

There were 2,349 pregnant women at term (37:40
weeks) gestation scheduled for low segment CD
under were invited for this study. 349 not meeting
inclusion criteria and 321 refused to participate.
1,679 women undergoing elective caesarean de-
livery, 1,442 women were excluded as they didn’t
reach 700 ml intraoperative bleeding, and 237
women who reach about 700 ml intraoperative
bleeding were included and continued the study.
57 women were excluded during CD thanks to ex-
cessive mechanical tears during the extraction of
the baby. 180 patients complete the study.

All participants underwent detailed history, gen-
eral, abdominal, and ultrasound examinations.
The participants who fulfilled the eligibility crite-
ria were explained about the study with the bene-
ficial and possible adverse effects of TA. Informed
written consent was obtained from them.

Randomization

Patients were randomized into two groups, each
compromised of ninety patients consistent with a
two-blocked randomization list which was coded
(1 or 2) at a 1:1 ratio. The randomization scheme
was computer-generated. The allocated groups are
going to be concealed in serially numbered sealed
opaque envelopes which will only be opened after
recruitment. Patient allocations are going to be per-
formed during CS by an independent person, who
won’t rather be involved during this study. The tri-
al was an open label.

Intervention

All women performed CS by using spinal anaes-
thesia, Pfannenstiel incision of the skin, open of
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abdomen in layers, lower uterine segment trans-
verse incision. After delivery of the baby 10 IU of
oxytocin intravenous infusion administered by
the anaesthesiologist then delivery of the and pla-
centa, during CS, intraoperative bleeding was es-
timated, if bleeding around 700 ml and thanks to
atonic uterus then temporary uterine packing for
five minutes, with gauze of the dimensions soaked
with 2 g tranexamic diluted in 60 ml saline acid
or placebo, plus 400 mc sublingual misoprostol.
For all haemorrhagic CD cases, blood loss was re-
corded at five minutes intervals: at treatment, 5
mint-, 10 mint-, 20 mint, and end of the operation.
If the lady was stable, providers were asked to
attend 10 min after administering trial treatment
before considering additional interventions for
the PPH, although the administration of any ad-
ditional intervention at any time point was doc-
umented. Additional interventions and therefore
the explanation for PPH (as determined by the
provider) were documented. At the time of dis-
charge from the hospital, participants were asked
about side effects.

Blood loss estimation

Intraoperative blood loss was measured by add-
ing the quantity of the contents of the suction
bottle which was changed after delivery of the
placenta to avoid being mixed with amnionic
fluid and blood from gauze which was strictly
kept for weighing, and therefore, the reform the
difference in weight (in grams) between the dry
and the soaked operation sheets and towels (1 g
=1ml).

Post-operative blood loss was measured by cal-
culating the difference in weight (in grams) be-
tween the dry and therefore the soaked pads
(1 g =1 ml). Then, the entire blood loss was cal-
culated by the addition of intraoperative and
postoperative blood loss.

Study outcome

The primary outcome was the proportion of pa-
tients for whom haemorrhage was controlled
with just the trial regimen (placebo or 2,000 mg
TA, followed by 400 mcg misoprostol) without
recourse to additional treatment. The secondary
outcome measures included estimation of intra-
operative, postoperative, and total blood loss
(ml), need for transfusion, other surgical interven-
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tions, additional uterotonics, and operative time.
Also, haemoglobin concentration was wiped out
all patients preoperatively and 24 hours postop-
erative, and therefore the change in concentration
was noted. Any side effects like fever, shivering,
unpleasant taste, nausea, vomiting, and diarrhoea
were recorded.

Calculation of sample size

The primary outcome was the proportion of
women for whom bleeding was controlled with
justthe trial regimen (placebo or 2,000 mg TA, fol-
lowed by 400 mcg misoprostol) without recourse
to additional treatment. Controlled bleeding was
subject to provider assessment. We hypothesized
that bleeding would stop among 89% of women
within the placebo group (misoprostol alone), as
demonstrated in previous trials on the efficacy of
misoprostol to treat PPH [9]. We estimated that a
further 10% of women who received the TA ad-
ditionally to the misoprostol would experience
cessation of bleeding with no other interven-
tion. Supported these assumptions (89% vs 99%),
a sample of 180 PPH cases (90 per group) was
required for a one-sided test with 80% power, al-
pha = 0.05.

Statistical analysis

Data were entered and statistically analysed using
the Statistical Package for Social Sciences (SPSS)
version 16. Qualitative data were described as
numbers and percentages. The Chi-square test
was used for comparison between groups. Quan-
titative data were described as means (SD) or me-
dians, as appropriate. They were tested for nor-
mality by Kolmogorov-Smirnov test. Within the
normally distributed variables, an independent
sample t-test was used for comparison between
groups. Within the non-normally distributed vari-
ables, the Mann-Whitney test was used for com-
parison between groups. Odds ratios and their
95% confidence interval were calculated. P-value
< 0.05 was considered statistically significant.

RESULTS

Out of 2,349 eligible women delivered by CS, 180
women were consented to participate and contin-
ued the study. They were randomized into two
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Assessed for eligibility
(n=2349)

Excluded (n =2169)
Not meeting inclusion criteria (n = 1848)

—> (349 excluded before or 1442 excluded during or
because blood loss less than 700ml,57 exclude during or
because blood loss mainly during traumatic extension
of uterine incision)

Randomized (n = 180

Allocated to temporary uterine packing with towel

moist with 2 gm TA in 40 ml saline (intervention
group) + 400 pg sublingual misoprostol

Allocated to temporary uterine packing with
towel moist with 60ml saline (placebo group)
+400 g sublingual misoprostol

(n=90) (n=90)
1 [

v v

Loss to follow up (n =0)

Loss to follow up (n = 0)

Discontinued (n =0) Discontinued (n =0)

l !

Analyzed (n = 90) Analyzed (n = 90)

Excluded from Analysis (n = 0) Excluded from Analysis (n =

0)

Figure 1. Flow chart of the study.

Table 1. Preoperative characteristics of pregnant women in the study groups.

Parameters Group | Group Il Test
(n=90) (n=90) of significance

Age (year) 29.6+2.2 30.2+26 t=1.8,p=0.07
Weight (kg) 686+69 683+67 t=03,p=07
Height (cm) 163.9+4.2 163.5+43 t=0.7,p=05
BMI 255+23 255+22 t=0.05p=0.96
Parity (median) 2(0-6) 2 (0-6) *¥2=0.5,p=07
(minimum-maximum)
Gestational age 38.3+0.8 38.3+09 t=05p=06
(weeks)
Initial haemoglobin 10.6 +0.8 10.6+£0.7 t=0.05p=0.96
Indication of CS (%)

Breech 17 (18.8) 17 (18.8)

Patient request 17 (18.8) 16(17.7)

Previous CS 12 (13.3) 13(14.4) x*=0.3,p=0.99

Twin 14 (15.3) 16 (17.7)

Failure to progress 9(10) 8(8.8)

Macrosomia 21(23.3) 20(22.2)

BMI: body mass index; CS: caesarean section; all measures are described as mean
+ SD except parity as median (range); *Z of Mann-Whitney test.

Table 2. Surgical outcome in the study groups.
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groups: tranexamic acid group and placebo group
(Figure 1).

There was no significant difference between the 2
groups with reference to their age, weight, gesta-
tional age, parity, number of CS, an indication of
CS, and initial haemoglobin (Table 1).

There was a significant reduction in intraopera-
tive blood loss within the TA group (900.4 £ 123.3)
compared with the placebo group (1,068.3 + 180.2;
p = 0.001). However, there was a significant dif-
ference in postoperative bleeding between the 2
groups (p = 0.001).

The all-estimated blood loss during CS and 24
hours postoperative was significantly lower with-
in the TA group (1,005.9 + 141.3) than that within
the placebo group (1,254.2 + 228.5; p = 0.001) (Ta-
ble 2).

The incidence of transfusion was increased with-
in the placebo group of 64 (71.1%) women com-
pared with 27 (30.0%) women within the TA
group (p = 0.001). More women within the place-
bo group 59 (65.6%) than in TA group 28 (31.1%)
required additional uterotonics (p = 0.0001).
Also, more women within the placebo group 25
(27.7%) than in TA group 9 (10%) required more
surgical intervention (p = 0.0001). There was a
significant difference in operative time within the
TA group (69.4 + 10.6) compared with the placebo
group (69.4 = 10.6) (p = 0.002).

There was no significant difference in reference to
24-hour post-operative haemoglobin concentra-
tion between the 2 groups (0.844) (Table 3).
About the side effect, there was no significant dif-
ference between the 2 groups in reference to nau-
sea, vomiting, and diarrhoea (p = 0.8, 1.1, respec-
tively) (Table 3).

DISCUSSION

This trial demonstrates that temporary uterine
packing with topical application of TA adminis-

Blood loss (Gnr:ug%; ?rl.'t;ug OI)I Test of significance
Intraoperative 1,068.3 +180.2 900.4 +123.3 p<0.001,t=7.3
Postoperative 185.9+55.6 105.6 + 23.5 t=12.6,p <0.00

Total blood loss 1,254.2 £ 228.5 1,005.9 + 141.3 t=8.8,p<0.001
Additional Uterotonics (%) 66 (73.3) 28 (31.1) x?=32.2,p <0.001

Variables are presented as mean and standard deviation and number (percentage).
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Table 3. Operative and postoperative outcome in the study groups.

Variables Group | Group Il Test of
(n=90) (n=90) significance
Post haemoglobin 9.7+0.7 9.8+0.7 t=12,p=02
(gm/ dL)
Operative time(min) 74+9.1 694+106 t=3.1,p=0.002
Hospital stays 38+0.8 3.8+0.7 t=0.1,p=09
Post-partum 59 (65.6) 26 (28.9) x> =243,
haemorrhage (%) p <0.001
Need blood 64 (71.1) 27 (30.0) x*>=304,
transfusion (%) p <0.001
Extra surgical 25(27.7) 9(10) x*=9.8,
intervention (%) p=0.007
Uterine artery 15(16.7) 4 (4.4)
ligation
B-Lynch suture 10(11.1) 5(5.6)

Nausea (%) 7(7.8) 6(6.7) x>=0.1,p=0.8
Vomiting (%) 9(10.0) 4 (4.4) x>=21,p=0.2
Diarrhoea (%) 5(5.6) 3(3.3) Fisher’s Exact

test,p=0.7

Variables are presented as mean and standard deviation and number (percentage).

tered to women with haemorrhagic CD decreases
blood loss, and cases diagnosed with PPH. In ad-
dition, TA-treated women decrease the need for
extra uterotonic and extra surgical procedures in
the form of uterine artery ligation and B-Lynch
compression sutures to hold the bleeding, with
the only minor, transient side effects.

In our study, we test the application of temporary
uterine packing with topical TA for secondary
prevention of postpartum haemorrhage during
haemorrhagic CD when estimated blood loss
reaches 700 ml. Such a strategy implies that the
drug must be administered only to the patient at
risk for postpartum haemorrhage and not to ev-
ery woman, as routine prophylaxis’s from PPH
as many patients experienced CD, not suffer from
blood loss more than 500 ml. Our trial entails that
topical application of TA is an option that may
decrease the rate of PPH and the need for extra
uterotonic and extra surgical manoeuvres to de-
crease blood loss during CD.

Also, in our study, we shoe to explore the role of
topical application of TA instant of the intrave-
nous route to try to decrease the potential theo-
retical complication from IV route application.
The use of other routes of administration of TA
should has a priority, as recommended by the
WHO [10].

The purpose of this study was to explore the po-
tential for reducing bleeding by administering
temporary uterine packing with topical applica-
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tion of TA in women with haemorrhagic CD. The
studied population was selected based on active
haemorrhage of more than 800 mL when its clin-
ical course might be life-threatening. The 800-mL
threshold for the definition of haemorrhagic CD.
This selection of patients required a specific pro-
cedure for measurement and verification of blood
loss at each time point.

Our study the first type addresses the role of top-
ical application of TA to hold the haemorrhagic
CD. CRASH-2 study revealed that TA safely re-
duces the danger of death in bleeding trauma
patients when administered within 3 hours [11].
Within the field of obstetrics, three randomized,
controlled trials have suggested that TA adminis-
tration in women after vaginal or elective caesar-
ean delivery reduces blood loss and therefore the
incidence of PPH [12-14].

Instead of acute severe haemorrhage, postpartum
bleeding is usually steady. In order that estimated
blood loss is usually only approximately half the
loss. If atony persists, bleeding may appear to be
only moderate at any given instant but may con-
tinue until serious hypovolemia develops [15].

In our study, we chose to interfere early with the
use of temporary uterine packing with topical
TA for prevention of postpartum haemorrhage
during the caesarean delivery when estimated
blood loss is about 700 ml.

Urgent treatment of haemorrhagic CD with
tranexamic acid is important for two reasons.
First, women with postpartum haemorrhage
bleed to death unnoticed and vastly. Most deaths
due to haemorrhage occur soon after childbirth,
with more than half occurring within 8 h. If treat-
ment is delayed, many women who could have
benefited will have complicated with morbidity
and mortality of haemorrhage. Second, tranexam-
ic acid is most effective when topically applied.
Tranexamic acid should be always readily avail-
able in emergency obstetric care facilities: it is
cost-effective, heat-stable, and widely available,
with a long shelf life.

There are 3 trials within a Cochrane review of TA
used for the treatment of PPH, explore that TA
effectively reduce blood loss [11].

One trial randomly allocated 152 women with
postpartum haemorrhage, defined as blood loss
> 800 mL following vaginal delivery, to receive
high-dose tranexamic acid (a loading dose of 4 g
over 1 h followed by an infusion of 1 g over 6 h)
or standard care [16].
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Ethical approval 7.

All study procedures were carried out according to

the Declaration of Helsinki, and the study was ap-
proved by the institutional ethical committee. The
study protocol was approved by the Ethics Com- 8.
mittee of Aswan University Faculty of Medicine
(Aswu/276/7/18).

Informed consent

All patients signed an informed consent.

9.
Data sharing
Data are available under reasonable request to the
corresponding author.
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INTRODUCTION

ABSTRACT

Obijective. The primary objective of this study was to investigate the factors
that influence the occurrence of preeclampsia and eclampsia among pregnant
women.

Materials and Methods. From May 2022 to November 2022, a case-control
study was conducted involving 456 pregnant women. The study employed
an unmatched design, and data were gathered on a daily basis from partic-
ipants visiting the Obstetrics and Gynecology department. Pretested inter-
viewer-administered questionnaires were utilized for data collection, follow-
ing ethical clearance from the Institutional Ethical Committee. The collected
data underwent analysis using chi-square tests and regression analysis.
Results. The study encompassed a total of 154 cases and 302 controls. Note-
worthy factors found to be significant determinants of preeclampsia included
a previous history of preeclampsia, a family history of hypertension, a family
history of diabetes mellitus, vegetable consumption, and the level of educa-
tion. Women with a previous history of preeclampsia, a personal history of
hypertension, a family history of diabetes mellitus, and a lower intake of veg-
etables were more likely to develop preeclampsia/Zeclampsia.

Conclusions. Healthcare providers should encourage mothers to have an-
tenatal follow-up early in the pregnancy. Encouraging pregnant women’s
health seeking behaviour would provide a chance to diagnose preeclampsia
as early as possible.

criteria. In addition to the blood pressure criteria,
there should be evidence of proteinuria, indicated

As per the International Classification of Diseases,
tenth revision (ICD-10), preeclampsia is character-
ized by specific diagnostic criteria. These criteria
include a diastolic blood pressure reading of 90
mmHg or higher on two or more separate occa-
sions, with a time gap of at least 4 hours between
each measurement. Alternatively, if there is a dia-
stolic blood pressure measurement of 110 mmHg
or higher on any single occasion, it also fulfils the

by a urinary protein excretion of at least 300 mg
per 24 hours or a urine dipstick result of greater
than or equal to 1+. These diagnostic criteria ap-
ply to pregnant women who were normotensive
and non-proteinuric before the 20" week of gesta-
tion [1]. Eclampsia is defined as the new onset of
generalized tonic-clonic seizures in a woman with
preeclampsia. Eclamptic seizures can occur ante-
partum, 20 weeks after gestation, intrapartum, and
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postpartum. Seizures before 20 weeks are rare but
have been documented in gestational trophoblastic
disease [2].

Eclampsia is a known complication of preeclamp-
sia during pregnancy, and it is associated with
morbidity and mortality in both the mother and
the foetus if not properly diagnosed [3]. Chronic
hypertension, gestational hypertension, and pre-
eclampsia superimposed on chronic hypertension
are the other three categories [2, 3].

More than 80% of maternal deaths worldwide are
caused by five direct causes: haemorrhage, infec-
tion, unsafe abortion, pulmonary embolism, and
hypertensive disorder of pregnancy (HDP). In
2013, approximately 289,000 mothers died because
of pregnancy-related causes worldwide. In devel-
oping countries, a woman’s lifetime risk of dying
from pregnancy-related complications is 14 times
higher than in developed countries [1].

PE remains one of the leading causes of maternal
mortality and morbidity, complicating an estimated
2-8% of pregnancies worldwide and up to 10% in
developing countries. It is one of the top five lead-
ing causes of maternal and neonatal deaths[4, 5].
Globally, greater than 80% of maternal mortalities
are due to 5 direct causes: haemorrhage, infection,
unsafe abortion, pulmonary embolism, and hy-
pertensive disorder of pregnancy (HDP). Around
289,000 mothers pass away worldwide from preg-
nancy-related reasons in 2013. A woman’s lifetime
risk of dying of pregnancy-related problems is 14
times higher in developing countries than in devel-
oped countries [1]. The morbidity and mortality of
women and children associated with pre-eclamp-
sia are major public health problems especially in
low- and middle-income countries [4]. About 12%
of mothers die only from preeclampsia as estimat-
ed by WHO, the occurrence of preeclampsia is
seven times higher in developing countries com-
pared to developed countries. The prevalence of
preeclampsia ranges between 1.8 and 16.7% in de-
veloping countries [5].

In India the incidence of preeclampsia is reported
to be 8-10% among the pregnant women. Accord-
ing to the study, the prevalence of hypertensive
disorders of pregnant was 7.8% with preeclampsia
in 5.4% of the study population in India [6]. The
prevalence of preeclampsia is higher compared
with the global average, which is around 2%. How-
ever, the prevalence ranges from 1.8 to 16.7% in de-
veloping countries. A study conducted in India re-
ported the prevalence of preeclampsia about 28%
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with a variation in the prevalence across the states
or regions [7]. A comprehensive review encom-
passing larger data sets has provided prevalence
rates of preeclampsia across different regions. In
Asia, the reported prevalence ranges from 0.2% to
6.7%. Africa has a prevalence ranging from 0.5%
to 2.3%, while Europe reports a range of 2.8% to
5.2%. Oceania shows a prevalence range of 2.8%
to 9.2%. South America and the Caribbean have a
prevalence ranging from 1.8% to 7.7%, and North
America reports a range of 2.6% to 4.0% [8]. An-
other review summarized the data for the Asian re-
gions and reported the prevalence of preeclampsia
2.07% in China, 1.19% in Japan, 2.22% in Thailand
and 0.59% in Nepal [9].

HEELP syndrome and eclampsia are the serious
complication of preeclampsia. The majority of
death related to preeclampsia can be prevented
by providing timely and effective care to pregnant
women presenting with such complication [6].

PE can progress to eclampsia and cause adverse
foetal outcomes such as preterm birth, small-for
gestational-age babies, placental abruption, and
perinatal death and increase the risk of cardiovas-
cular and cerebrovascular diseases and venous
thromboembolism later in life. Furthermore, wom-
en who suffer from PE are predisposed to mental
health issues such shame, guilt, feelings of failure,
loss of control, personal inadequacy and postpar-
tum depression [4, 5].

The aetiology of preeclampsia is still unknown.
Many risk factors had been identified. Knowing
these risks factors is useful for the clinician to
target groups of patients at a higher risk of de-
veloping preeclampsia [10]. Though the cause of
preeclampsia is unfamiliar, there are definite de-
terminant risk factors related to the condition. The
factors that have been proposed to influence the
risk of preeclampsia among mothers comprise di-
abetes, renal disease, obesity, multiple pregnancy,
prime-parity, age above 30 years, personal or fam-
ily history of preeclampsia, and chronic hyperten-
sion. Preeclampsia can be quite serious as it can
lead to various complications both for the mother
and the baby [11].

Factors influencing the unique maternal-foetal (pa-
ternal) interaction probably include the length and
type of sexual relationship, the maternal (decidual
natural Killer cells) acceptation of the invading cy-
totrophoblast (paternal HLA-C), and seminal lev-
els of transforming growth factor-pf and probably
other cytokines. The magnitude of the maternal
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response would be determined by factors includ-
ing a maternal set of genes determining her char-
acteristic inflammatory responsiveness, age, qual-
ity of her endothelium, obesity/insulin resistance
and probably a whole series of susceptibility genes
amongst which the thrombophilia received a lot of
attention in recent years [12].

Investigating the determinants of preeclampsia
was an important way to overcome the potential
causes of hypertensive disorders during pregnan-
cy, particularly for preeclampsia [13]. Identifying
the determinants of preeclampsia among women
attending delivery services will enable healthcare
professionals to successfully tackle its impact on
mothers and the foetus. Moreover, it will help
health policymakers to design an appropriate
strategy to reduce health-associated costs [14].
PreeclampsiaZeclampsia is recognized as the third
leading cause of maternal mortality globally. Con-
sidering the vulnerability of pregnant women to
this condition and its associated complications, it
becomes crucial to foster community understand-
ing to facilitate early detection of pregnancy risks.
Early identification can lead to timely antenatal
care booking and proper follow-up, ultimately re-
ducing the complications related to preeclampsia/
eclampsia. The main aim of the study was to as-
sess the determinants of pre-eclampsiaZeclampsia
among women attending delivery service.

MATERIALS AND METHODS
Study design and participants

An unmatched case control study was carried out
in Adichunchanagiri hospital and research centre,
B G Nagar, Nagamangala, Mandya from May 2022
to November 2022. Data were collected from the
pregnant women attending the hospital for prena-
tal care.

Study criteria

Inclusion criteria

Pregnant women who are willing to give the con-
sent and women with a gestational age of 20 weeks
or greater were included in the study. The Case
were Women confirmed to have an elevated blood
pressure of 140790 mmHg, measured at rest sitting
and left lateral position or 5 min after arrival, was
detected at least 4-6 h apart. Plus, a urine dipstick

Determinants of preeclampsia/eclampsia among pregnant women

value of 2 + proteinuria and/or two random urine
concentrations of 100 mg/dl collected 4 h apart after
20 completed weeks of gestation in a previously nor-
motensive client. Women with confirmed diagnosis
of eclampsia or preeclampsia were also included.
Women with negative dipstick value but with pres-
ence of elevated blood pressure with symptoms of
eclampsia or preeclampsia, upon confirmed by the
physician were also included in the study.

Controls were a woman with other cases after 20
completed weeks of gestation and who were not di-
agnosed with pre-eclampsia.

Exclusion criteria

Pregnant women who were in critical condition.
Women with known hypertension and renal dis-
ease. Pregnant women who could not give consent
were excluded from the study.

Data collection instrument and procedure

All the pregnant women visited the hospital during
the study period, falling under the criteria for re-
cruitment, were included in the study after obtaining
their written consent.

Data were gathered through individual patient inter-
view using a validated pretested questionnaires after
translating them into local language Kannada. Per-
mission was obtained from authors regarding usage
and translation of questionaries to avoid copyright
violation.

The questionnaire included information such as de-
mographic and socioeconomic factors, personal and
family history, personal reproductive, gestational his-
tory. The questionnaire, which was collected check
manually, frequency run was made to check the ac-
curacy, consistencies, missed values and variables.

Statistical analysis

The study data collected were entered into epi data
version 3.1 and exported to statistical package for
social science (SPSS) version 20 for analysis. De-
scriptive statistics was used to describe the study
populations using measures of frequency and per-
centage that displayed using tables compared be-
tween cases and controls. To compare categorical
variables between cases and controls chi-squared
test was used. The chi-square test cannot establish
whether one variable has a causal relationship with
another. Logistic regression was used to identify
factors associated with the outcome variable. It as-
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Table 3. Personal reproductive and gestational history of study participants.

Variables Case Control Chi? P-
n (%) n (%) value

Gestational 27 weeks  37(24.04%) 67(22.1%)  2.109 0.55

age 2831 49(31.81%)  85(28.1%)
weeks
3135 39(2532%) 96 (31.7%)
weeks
35-40  29(18.83%) 54 (17.88%)
weeks
Previous Yes 81 (52.59%) 139 1.764 0.11
pregnancy (46.02%)
No 73 (47.4%) 163
(53.97%)
History of Yes 49(318%) 78(258%) 2710 0258
birth No 20(188%) 51 (16.8%)
History of Yes 63(40.9%) 96(31.7%) 3780  0.151
abortion No 18(11.6%) 43 (14.2%)
History of Yes 4(2.5%) 0 8899 0.012
preeclampsia No 77 (50%) 140
(46.35%)
History of Yes 1(0.64%) 4(1.32) 2224 0329
gestational No 80 (51.9%) 136
bM (45.03%)
Use of Yes 1(0.64%) 3099 0139 0709
contraceptive No 153(99.3%) 299 (99.0)
Nutritional Yes 87 (564%) 198(65.5%) 3579  0.059
advice No 67 (435%) 104 (34.4%)
Medication Yes 12(7.79%)  24(7.94%) 0003 0556
No 142 (92.2%) 278
(92.05%)

Rh factor Positive  148(96.1%) 282(93.3%) 1410 0235
Negative 6 (3.8%) 20 (6.62%)

Bold: statistically significant

pertensive pregnancy disorder was found in 2.5%
of cases. Abortions were common (cases 40.09%,
controls 31.7%). Nutritional advice was received

Table 4. Determinants of preeclampsia/eclampsia.
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by 56.4% of cases and 65.5% of controls. Hypothy-
roidism medication was taken by 7.79% of cases
and 7.94% of controls. Rh factor was positive in
96.1% of cases and 93.3% of controls (Table 3).

Determinants of preeclampsia/eclampsia

A significant relationship was identified between
preeclampsiaZeclampsia and various factors, in-
cluding a family history of hypertension and di-
abetes mellitus, as well as the pregnant women’s
vegetable consumption, area of residence, level
of education, and previous history of preeclamp-
sia. These factors were included in a multivari-
able analysis. Notably, the regression analysis
revealed that women with a family history of hy-
pertension faced a higher risk of developing pre-
eclampsiaZeclampsia, with an odds ratio (OR) of
4.075 (95%CI 2.6-6.34, p = 0.000). Women who are
residing in rural areas (OR 0.278 i.e., < 1) are more
likely to develop preeclampsia compared to par-
ticipants residing in urban areas Considering the
factor vegetable consumption, women who are
consuming vegetables are less likely to develop
preeclampsia (OR 0.12) (Table 4).

DISCUSSION

Eclampsia, a complication usually following hy-
pertensive diseases of pregnancy, remains a cause
of maternal morbidity and mortality. The present
study witnessed that 33.7% of women were diag-
nosed with eclampsia/preeclampsia.

In this study, mothers living in rural areas had
higher odds of developing preeclampsia than ur-

Variables Case n (%) Control n (%) OR (95% Confidence Interval) P-value

Residence area Rural 124 (80.51%) 283 (93.70%) 0.27 (0.15-0.512) 0.000
Urban 30 (19.4%) 19 (6.29%) 1.00

Level of education Primary 3(1.9%) 0 2.78(1.15-5.2) 0.999

Secondary 25(16.2%) 42 (13.9%) 1.02 (0.57-1.82) 0.932

Higher secondary 54 (35.06%) 136 (45.05%) 0.68 (0.44-1.50) 0.082

Degree 72 (46.75%) 124 (41.05%) 1.00 -

History of preeclampsia Yes 4 (2.5%) 0 0.81 (0.554-1.82) 0.000
No 77 (50%) 140 (46.35%) 1.00

Family history of hypertension Yes 67 (43.5%) 48 (15.8%) 4.075 (2.6-6.34) 0.000
No 87 (56.4%) 254 (84.1%) 1.00

Vegetables consumption Yes 146 (94.8%) 300 (99.4%) 0.12 (0.26-0.580) 0.008
No 8(5.19%) 2 (0.66%) 1.00

Bold: statistically significant
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INTRODUCTION

ABSTRACT

Obijective. The aim of this study is to evaluate the effect of intrauterine in-
fusion of platelet-rich plasma (PRP) vs granulocyte colony-stimulating factor
(G-CSF) on endometrial thickness, clinical pregnancy rate, and live-birth rate.
Materials and Methods. Systematic searches were conducted on PubMed,
Scopus, Cochrane Library, ClinicalTrials.gov and Google Scholar. The follow-
ing keywords were used: “PRP” AND “G-CSF” AND “endometrium”. Me-
ta-analysis was performed using RevMan software.

Results. A total of eight studies were therefore included in the final analysis,
yielding a total of 479 patients. The primary analysis that focused on endome-
trial thickness was done as a meta-analysis of two studies that report endo-
metrial thickness in their trials (RR 1.08, 95%CI 0.80-1.45, p = 0.63). The sec-
ondary analysis was conducted to compare biochemical pregnancy rate (RR
1,31, 95%CI 1.06-1.62, p = 0.01). In the third analysis, we compared the rates
of achieving clinical pregnancy in patients treated with PRP with those treat-
ed with G-CSF. (RR 1.30, 95 CI 1.00-1.70, p = 0.05) The heterogeneity for this
comparison was 34%, which reflects the possible benefit of the PRP technique
in relation to reproductive outcomes in patients with repeated implantation
failures.

Conclusions. Based on our meta-analysis, PRP therapy significantly affects
pregnancy rates in patients with thin endometrium compared to G-CSF.
However, there was no statistically significant difference in endometrial
thickening.

cy. However, the definition of optimal endometri-
um that will be ready for embryo transfer is still

Since the development of assisted reproductive
technologies (ART), clinicians and researchers
have sought to improve outcomes with the major
aim of increasing fertility rates. The receptivity of
the endometrium is crucial for achieving pregnan-

under active discussion [1]. Several methods for
evaluating the endometrium have been investigat-
ed [2], but ultrasound assessment of endometrium
thickness is the most essential. It is widely used as
a routine method for assessing the effectiveness

Copyright 2024
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of ART and the likelihood of pregnancy. Further-
more, thin endometrium not only indicates a low-
er probability of achieving pregnancy but is also
related to adverse perinatal outcomes, pregnancy
loss, or diminished placentation.

Adequate endometrial thickness is a main factor
for implantation and pregnancy. Thin endome-
trium in assisted reproduction is often defined as
endometrial thickness <7 mm or < 8 mm. The in-
cidence of thin endometrium in ovarian stimula-
tion cycles can be as high as 38-66%; the incidence
of thin endometrium in IVF is between 1% and
2.5% in most studies [3]. Women with persistent
thin endometrium often do not undergo embryo
transfer. Several methods have been described for
endometrial preparation but there is not any de-
finitive method yet. In recent years, intrauterine
infusion of G-CSF (granulocyte-colony colony
stimulating factor) has been studied but inconsis-
tent results have been reported. Some researchers
reported that G-CSF favours endometrial growth
and pregnancy. G-CSF is a cytokine that stimulates
neutrophilic granulocyte differentiation and prolif-
eration, it may induce endometrium proliferation
and growth, thus improve pregnancy outcome.
According to this hypothesis, local infusion of PRP
(platelet-rich plasma) that contains several growth
factors and cytokines may improve endometrial
growth and receptivity. PRP is collected from au-
tologous blood sample, so in comparison to G-CSF,
PRP is more accessible and affordable [4, 5]. Rahul
Manchanda et al. in their review of various articles
made conclusion that autologous platelet rich plas-
ma instillation is not associated with any side ef-
fects as it is derived from patients own blood. Also,
it is cost effective, less invasive, easily available as
well as feasible for the specialist [6].

According to the European Society of Human Re-
production and Embryology (EHRE) consortium,
recurrent implantation failure (RIF) is defined as
the absence of gestational sac on ultrasound at 5
weeks or more after frozen embryo transfer (FET)
following 3 FET with high-quality embryos or af-
ter the transfer of 10 or more embryos in multiple
transfers [4, 5]. Recurrent implantation failure is a
major challenge in reproductive medicine and de-
spite several advances; still, no universal consensus
exists. Many strategies such as estrogen, low-dose
aspirin, heparin, vaginal sildenafil, pentoxifylline,
and granulocyte-colony stimulating factor (G-CSF)
intrauterine perfusion have been extensively used
to increase the ET if not optimal [6, 7]. However,
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these methods were not found to be very impres-
sive in all cases especially with a thin refractory
endometrium. Platelet-rich plasma (PRP) may be
effective in promoting endometrial growth, in-
creasing ET and improving endometrial vasculari-
ty, and improving pregnancy outcomes in repeated
implantation failure due to thin endometrium [7].
This systematic review and meta-analysis aims to
compare the effect of intrauterine infusion of PRP
and G-CSF on endometrial thickness, clinical preg-
nancy rate, and live-birth rate.

MATERIALS AND METHODS

The present systematic review included all pub-
lished research articles that compared the effect of
intrauterine infusion of platelet-rich plasma (PRP)
and granulocyte-colony stimulating factor (G-CSF)
on endometrial thickness, biochemical pregnancy
rate, clinical pregnancy rate, and live birth rate.

Study registration, ethical and methodological
standards

Our systematic review was conducted according to
the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses 2020 checklist [8].

The studies included were randomized clinical
trials (RCTs) and nonrandomized clinical trials
(prospective controlled, prospective cohort, retro-
spective studies, and other types of studies) that
included a minimum of 10 patients. Only articles
written in English were included. Institutional Re-
view Board (IRB) approval was not requested as
the present study is a review of published studies.
The present systematic review has been registered
in the PROSPERO international prospective regis-
ter of systematic reviews by the National Institute
for Health Research (NIHR). The registration num-
ber is PROSPERO 2020 CRD42020222075 [9].

An electronic database search was conducted us-
ing PubMed, Scopus, the Cochrane Library, Goo-
gle Scholar and ClinicalTrials.gov to identify ar-
ticles published until February 2023. The search
used a combination of the following of the follow-
ing terms: "PRP", "G-CSF", "endometrium".

The search strategy in the electronic database
PubMed, Scopus, the Cochrane Library, Google
Scholar and ClinicalTrials.gov was the following:
"PRP" AND "G-CSF" AND "endometrium®. In
addition, MeSH terms were used in the Cochrane
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Library. MeSH descriptor: [Endometrium], [Gran-
ulocyte Colony-Stimulating Factor], [Platelet-Rich
Plasma]. The date of the last screening was July 12,
2023. To verify all possibly relevant studies, no re-
strictions or search filters (publication status, type
of article, or language of publication) were applied
to the search.

The search was conducted independently by two in-
vestigators (L.P. and J.A.). Following the search, all
articles were rechecked based on their titles and ab-
stracts. The full texts of the studies that appeared to
be appropriate according to their titles and abstracts
were then reviewed. The reference lists of eligible
trials were searched for additional potential studies.
Two investigators (L.P. and J.A.) independently
read the full texts of the preselected articles to verify
the eligibility of the articles based on their titles and
abstracts. After this step, studies were excluded if
there were duplicate datasets.

Any disagreements regarding the inclusion or ex-
clusion of preselected studies and any other dis-
agreements during the review process were re-
solved with the help of the third author (S.1.). The
included studies were independently collected by
two authors (L.P. and J.A.) using a standardized
data extraction procedure (authors, publication
year, study design, patient characteristics, inter-
vention, and outcomes).

Statistical analysis

The primary analysis was aimed to achieve endome-
trial thickness > 7-8 mm. The outcome output was
expressed as an ultrasound evaluation conclusion.
The secondary analysis measures assessed biochem-
ical pregnancy rate (the positive beta-hCG), clinical
pregnancy rates (the presence of an intrauterine foe-
tal heartbeat) and live birth rate (an ability to con-
ceive a live-born neonate).

Patient and public involvement

Inclusion and exclusion criteria of patients are
presented in the Table 1.

A risk-of-bias assessment was conducted for
each of the studies included using the Cochrane
Handbook for Systematic Reviews of Interven-
tions [10]. Two investigators (L.P. and J.A)) in-
dependently assessed the quality of the selected
studies. A third investigator (S.l.) as involved
when disagreements occurred. In accordance
with the Cochrane Handbook for Systematic Re-

PRP vs G-CSF in women with thin endometrium undergoing assisted reproduction

Table 1. Inclusion and exclusion criteria of patients.

Inclusion criteria Exclusion criteria

Patients with uterine structural
abnormality

Female infertile patients of
reproductive age with thin
endometrium in embryo transfer
cycles

Endometrial thickness less than
7-8 mm

Studies combining PRP and
G-CSF treatment were excluded

views of Interventions, the RoB 2 tool [11] was
used for nonrandomized studies (prospective
controlled, prospective cohort, retrospective
studies, and other types of studies). As for the
guantitative synthesis, the meta-analysis was
performed using RevMan 5.4 (recommended by
the Cochrane Society).

RESULTS

3,655 articles were found after the search was con-
ducted, 55 of which were duplicates and therefore
were excluded. After that, 3,600 articles were an-
alysed, 3,568 of which were excluded by the titles
and abstracts. Consequently, 32 publications were
left for the full-text screening. All these articles
were analysed following our inclusion and exclu-
sion criteria specified in the protocol registered on
PRISMA. Out of these 32 articles, only eight were
included in our qualitative analyses. Addition-
ally, 150 articles were found in references of the
eight articles included in the qualitative analyses.
Seven of them met the eligibility criteria. Howev-
er, none of these studies was included in the sys-
tematic review.

A total of seven studies were therefore included
in the final analysis, yielding a total of 479 pa-
tients [12-18] (Table 2). 2 publications [16, 18] are
randomized studies; 5 publications [12-15, 17] are
non-randomized studies. Also, we included the
forms of administration of PRP and G-CSF in the
Table 3. The whole search strategy with the results
is presented in flow-diagram (Figure 1).

In a prospective cohort study by Dzhincharadze
et al., all patients received hormone replacement
therapy (HRT). Patients in PRP group in addition
to HRT were given an intrauterine injection of au-
tologous PRP on the 8-9*, 10-11'", and 12-13" days
of the menstrual cycle; patients in G-CSF group in
addition to HRT were given an intrauterine injec-
tion of recombinant G-CSF on the 5-6'" and 12-13"
days of the menstrual cycle. The primary outcome
was an increase in endometrial thickness greater
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Table 2. Description of articles included in the systematic review.
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Study (first Study

) design Participants Interventions Comparison

Outcomes

1 Dzhincharadze A 58 patients PRP group G-CSF group
etal., 2020 prospective (n=37) (n=21)
cohort
study

2 \Voraetal, 2019 A 50 patients PRP group G-CSF group
retrospective (n=25) (n=25)
cohort study

3 Cassimetal., A 36 patients ~ PRP group (n  G-CSF group
2022 retrospective =20) (n=16)
analysis

4 Mehrafzaetal., A 123 patients  PRP group (n  G-CSF group
2019 retrospective =67) (n=56)
cohort study

5 Selvarajetal, A 132 patients  PRP group (n  G-CSF group
2019 randomized =56) (n=76)
controlled
trial

Endometrial thickness greater than 7 mm (not statistically significant
(p=0.515)):
* PRP group: 26 (70.27%) patients
® G-CSF group: 13 (61.9%) patients
The average increase in endometrial thickness compared to the
previous cycle (not statistically significant):
* RPR group: 0.47 mm (p = 0.085)
® G-CSF group: 0.42 mm (p = 0.329)
The average endometrial thickness on the day of embryo transfer
(not statistically significant (p = 0.146)):
* PRP group: 7.79 (1.42) mm
* G-CSF group: 7.21 (1.42) mm
Number of embryos transferred (statistically significant (p = 0.026)):
* PRP group: 31 (83.78%) patients
® G-CSF group: 12 (57.14%) patients
Biochemical pregnancy rate (not statistically significant (p = 0.282)):
* PRP group: 16 (51.61%) patients
® G-CSF group: 4 (33.33%) patients
Clinical pregnancy rate (not statistically significant (p = 0.226)):
* PRP group: 14 (45.16%) patients
* G-CSF group: 3 (25%) patients
Live birth rate (p = 0.867)
* PRP group: 7 births (22.58%)
* G-CSF group: 3 births (25%)
The difference of endometrium after 48 hours (statistically
significant (p < 0.0001)):
* PRP group: 1.804 + 0.839 mm
® G-CSF group: 2.67 + 0.546 mm
Number of embryos transferred
* PRP group: 1 embryo was transferred on day 3 in 2 women, 2
embryos were transferred on day 3 in 16 women, 3 embryos were
transferred in 7 women.

* G-CSF group: 1T embryo was transferred on day 3 in 4 women, 2
embryos were transferred on day 3 in 17 women, 3 embryos were
transferred in 4 women.

Biochemical pregnancy rate (statistically not significant p = 0.777)
* PRP group: 11 (44%) patients
® G-CSF group: 13 (52%) patients
Clinical pregnancy rate (statistically not significant p = 0.3768)

* PRP group: 7 (28%) patients
* G-CSF group: 11 (11%) patients
Number of embryos transferred
* PRP group: 1.95(+ 0.61) embryos transferred (range 1 to 3).

* G-CSF group: 2.50 (+ 0.52) embryos transferred (range 2 to 3).
The change in endometrial thickness (not statistically significant
(p=0.077)):

* PRP group: from 0.30 mm to 4.90 mm
* G-CSF group: from 0.1 mm to 5.0 mm
Biochemical pregnancy rate (no statistically significant difference
(p = 0.604)):

* PRP group: 9 (45%) patients
* G-CSF group: 7 (43.75 %) patients
Number of embryos transferred (no statistically significant (p = 0.45):
* PRP group: 2.74+0.86
* G-CSF group: 2.61+0.95
Biochemical pregnancy rate (no statistically significant (p = 0.057)):
* PRP group: 29 (43.3%) patients
* G-CSF group: 15 (26.8%) patients
Clinical pregnancy rate (no statistically significant (p = 0.025)):

* PRP group: 27 (40.3%) patients
* G-CSF group: 12 (21.4%) patients
Biochemical pregnancy rate (no statistically significant (p = 0.155)):
* PRP group: 35 (62,5%) patients
* G-CSF group: 38 (50%) patients
Clinical pregnancy rate (no statistically significant (p = 0.695)):

* PRP group: 27 (48,2%) patients
* G-CSF group: 34 (44,7%) patients
Live birth rate (no statistically significant (p = 0.287)):

* PRP group: 19 (70,37%) patients
* G-CSF group: 28 (82,35%) patients

389
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—
S T Stu.d Y Participants Interventions Comparison Outcomes
author) design
6 Deoetal, 2021 A 20 patients PRP group (n G-CSF group Biochemical pregnancy rate:
prospective, =10) (n=10) * PRP group: 5 (50%) patients
Cross- * G-CSF group: 4 (40%) patients
sectional, Clinical pregnancy rate:
single blind * PRP group: 4 (40%) patients
study * G-CSF group: 3 (30%) patients
7 Nayar et al., A 40 patients ~ PRP group (n G-CSF group Endometrial thickness greater than 7 mm:
2019 prospective =20) (n=20) * PRP group: 13 patients
randomised ® G-CSF group: 13 patients
controlled Biochemical pregnancy rate:
trial * PRP group: 7/13 (53.84%) patients

® G-CSF group: 5/13 (38.46%) patients
Clinical pregnancy rate:
* PRP group: 5/13 (38.46%) patients
® G-CSF group: 3/13 (23.07%) patients

than 7 mm on the day of embryo transfer, the sec-
ondary outcome was pregnancy rates. They did
not find statistically significant differences in ei-
ther an increase in endometrial thickness or in the
pregnancy rates between the two groups [12]. In
the other study by Vora et al. it was proven that
injection G-CSE, is more effective for the treat-
ment of thin endometrium patients as compared
to intrauterine PRP infusion. Though the clinical
and chemical pregnancy rates were comparable, a
higher percentage of women were clinically preg-
nant in the group given injection G-CSF. Intrauter-
ine PRP can also be a good alternative for thin en-
dometrium [13].

Cassim et al. found that both G-CSF and PRP are ef-
fective interventions in the management of the thin

Table 3. Forms of administration of PRP and G-CSF.

refractory endometrium. Both result in significant
endometrial expansion and increased pregnancy
rates. Despite a marginally higher endometrial re-
sponse and pregnancy rate in the PRP group, the
differences in these metrics between the two groups
were not statistically significant [14]. The results of
the study by Mehrafza et al. indicated that intra-
uterine infusion of PRP can positively affect preg-
nancy outcome in RIF patients in comparison with
systemic administration of G-CSF [15]. In study by
Selvaraj et al., the use of PRP and G-CSF in individ-
uals who had failed previous embryo transfer cy-
cles using only hormone replacement therapy did
exhibit improved outcomes. Although statistically
the results were not significant, the use of either
modality of treatment tends to increase the preg-

n Study (first
author)

PRP group

G-CSF group

1 Dzhincharadze
etal., 2020

2 Voraetal, 2019
transfer or on day 11 of cycle.

3 Cassim etal.,

2022 rigid embryo transfer catheter.

Intrauterine injection of autologous PRP on the 8-9*, 10-11t, and
12-13%™ days of the menstrual cycle.

PRP instilled intravaginally 2 days prior to scheduled embryo

Autologous PRP was instilled into the uterine cavity with a semi-

intrauterine injection of recombinant G-CSF on the 5-6" and
12-13™ days of the menstrual cycle.

Injection - G-CSF intrauterine 300 mcg on day of trigger
or day 11 of FET followed by injection GCSF for 5 days
subcutaneous after ET.

Autologous PRP was instilled into the uterine cavity with a
semi-rigid embryo transfer catheter. G-CSF was instilled into
the uterine cavity with a semi-rigid embryo transfer catheter.

4 Mehrafzaetal.,

2019

Selvarajetal.,
2019

Deo etal., 2021

Nayar et al.,
2019

Intrauterine infusion of 1 m/ lympho-PRP was performed with
intrauterine insemination catheter, two days before embryo transfer.

On the 10th day of hormone replacement therapy cycle PRP
was infused into the uterine cavity using a 65-mm intrauterine
insemination catheter.

PRP was infused intrauterine using an Ul cannula under
ultrasound guidance.

Intrauterine infusion of PRP.

Patients were treated with a single administration of 300 ug
recombinant G-CSF, two hours before embryo transfer.

Intrauterine instillation of G-CSF 0.3 ml using an intrauterine
insemination (IUl) catheter was given on days 16 and 18.

G-CSF (300 mcg/1 ml) was instilled slowly into the uterine
cavity using an intrauterine insemination (IUl) canula under
transabdominal ultrasound guidance.

Intrauterine infusion of G-CSF.
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Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement of outcomes [T |
Bias in selection of the reported result [ |
Overall risk of bias [ |

0% 25% 50% 75% 100%

. Low risk D Moderate risk

Figure 3. ROBINS-I for non-randomized trials - tra®¥c light plot.

the domain- level judgements for each result and
weighted bar plots of the distribution of risk-of-bi-
as judgments within each bias domain.

According to the ROBINS-I tool, the overall risk of
bias for nonrandomized trials was 100% moderate
(Figure 2). Based on the RoB 2 tool (Figure 3), ran-
domized trials had possibilities of 100% of low risk
of bias regarding the overall risk of bias.

The primary analysis that focused on endometrial
thickness was done as a meta-analysis of two stud-
ies that report endometrial thickness in their trials.
They compared improvement of thin endometri-
um between two groups: PRP and G-CSF (RR 1.08,
95%CI 0.80-1.45, p = 0.63). The heterogeneity for

this comparison was 0%. Consequently, both op-
tions equally increased the thickness of the endo-
metrium [11, 17] (Figure 4).

The secondary analysis was conducted to compare
biochemical pregnancy rate. Seven studies were in-
cluded in the meta-analysis (RR 1.31, 95%CI 1.06-
1.62, p = 0.01). The heterogeneity for this compar-
ison was 0%. There was no statistically significant
difference between the patients of the two groups
[11-17] (Figure 5).

In the third analysis, we compared the rates of
achieving clinical pregnancy in patients treated
with PRP with those treated with G-CSF. Six out of
eight studies were included in the meta- analysis:

PRP G-CSF Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Dzhincharadze 2020 26 37 13 21  56.1% 1.14 [0.76, 1.69]
Nayar 2019 13 20 13 20 43.9% 1.00 [0.63, 1.58]
Total (95% Cl) 57 41 100.0% 1.08 [0.80, 1.45]
Total events 39 26
Heterogeneity: Chi* = 0.17, df = 1 (P = 0.68); I = 0% 052 0?5 1 t t
Test for overall effect: Z=0.48 (P = 0.63) " Favours [G-CSF] Favours [PRP]

Figure 4. Meta-analysis of endometrial thickness in two groups.

PRP G-CSF Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Cassim 2022 9 20 7 16 9.3% 1.03 [0.49, 2.15]
Deo 2021 5 10 4 10 4.8% 1.25[0.47, 3.33]
Dzhincharadze 2020 16 37 4 21 6.1% 2.27 [0.87, 5.90] =
Mehrafza 2019 29 67 15 56 19.6% 1.62 [0.97, 2.70]
Nayar 2019 Fi 13 5 13 6.0% 1.40 [0.60, 3.28] =
Selvaraj 2019 35 56 38 76  38.6% 1.25[0.92, 1.69] i
Vora 2019 11 25 13 25 15.6% 0.85[0.47, 1.51] I T
Total (95% CI) 228 217 100.0%  1.31[1.06, 1.62] <>
Total events 112 86
Heterogeneity: Chi’ = 4.63, df = 6 (P = 0.59); I’ = 0% 0*2 055 é é
Test for overall effect: Z = 2.48 (P = 0.01) ’ Favours'[G—CSF] Favours [PRP]

Figure 5. Meta-analysis of biochemical pregnancy rate in two groups.
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PRP G-CSF Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Deo 2021 4 10 3 10 4.8% 1.33 [0.40, 4.49]
Dzhincharadze 2020 14 37 3 21 6.1% 2.65[0.86, 8.17] 7
Mehrafza 2019 27 67 12 56  20.8% 1.88 [1.05, 3.36] =
Nayar 2019 5 13 3 13 4.8% 1.67 [0.50, 5.57] —
Selvaraj 2019 27 56 34 76 46.0% 1.08 [0.75, 1.56] —
Vora 2019 7 25 11 25  17.5% 0.64 [0.30, 1.37] —
Total (95% CI) 208 201 100.0%  1.30[1.00, 1.70] .
Total events 84 66
Heterogeneity: Chi’ = 7.58, df = 5 (P = 0.18); I’ = 34% f t t 1
Test for overall effect: Z = 1.95 (P = 0.05) 2] Fa\?c;ﬁrs [G-CSF] Favours [PRSP] L
Figure 6. Meta-analysis of clinical pregnancy in two groups.
PRP G-CSF Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Dzhincharadze 2020 7 37 3 21 13.9% 1.32[0.38, 4.59]
Selvaraj 2019 19 56 28 76 86.1%  0.92[0.58, 1.47]
Total (95% Cl) 93 97 100.0% 0.98 [0.63, 1.52]
Total events 26 31
Heterogeneity: Chi® = 0.29, df = 1 (P = 0.59); I° = 0% :O 01 0:1 1 130 100¢

Test for overall effect: Z = 0.10 (P = 0.92)

Favours [G-CSF] Favours [PRP]

Figure 7. Meta-analysis of live-birth rates in two groups.

Table 4. Endometrial thickness before and after administration of PRP or G-CSF.

Study (first  Study design  Participants Interventions Comparison Outcomes
author)
Voraetal., A retrospective 50 patients PRP group G-CSF group Endometrial thickness
2019 cohort study (n=25) (n=25) * PRP group: endometrium before administration of intrauterine
PRPis 6.57 + 0.63 mm and after 48 hours of administration the mean
endometrial thickness became 8.04 £ 1.13 mm
* G-CSF: endometrium before administration of injection G-CSF is 6.73
+0.41 mm and after 48 hours of administration the mean endometrial
thickness became 9.4 +£0.71 mm
Guptaetal, Interventional 20 patients PRP group G-CSF group Endometrial thickness (statistically significant p = 0.0001)
2020 prospective "G-CSF (n=20) (n=20) * PRP group: 5.505 + 0.940 mm
study treatment G-CSF group: 7.450 = 0.799 mm
before PRP
Cassim et A retrospective 36 patients PRP group G-CSF group Endometrial thickness: (statistically significant p < 0.0001)
al., 2022 analysis (n=20) (n=16) * PRP group: before PRP administration is 6.58 (+ 1.56) mm, and 7.98
(+ 1.41) mm after administration
* G-CSF group: before G-CSF administration is 6.56 mm (+ 2.33) mm
and 7.50 (+ 2.22) mm after administration
Selvaraj et A randomized 132 patients ~ PRPgroup  G-CSF group Endometrial thickness: (statistically significant p < 0.0001)
al., 2019 controlled trial (n=56) (n=76) * PRP group: before PRP administration is 6.70 (+ 0.9) mm, and 7.80 (+
1.4) mm after administration
* G-CSF group: before G-CSF administration is 7.0 mm (+ 0.8) mm and
7.50 (+ 0.6) mm after administration
Deoetal., A prospective, 20 patients PRP group G-CSF group Endometrial thickness: (statistically significant p < 0.0001)
2021 cross-sectional, (n=10) (n=10) * PRP group: before PRP administration is 5.96 (+ 0.58) mm, and 6,68
single blind (+ 0.84) mm after administration
study * G-CSF group: before G-CSF administration is 6,03 (+ 0.53) mm and
6,85 (+ 0.42) mm after administration
Nayar et al., A prospective 40 patients PRP group G-CSF group Endometrial thickness: (statistically significant p < 0.0001)
2019 randomised (n=20) (n=20) * PRP group: before PRP administration is 5.38 (+ 0.57) mm, and 6.62

controlled trial

(+ 0.98) mm after administration
* G-CSF group: before G-CSF administration is 5.24 (+ 0.51) mm and
6.60 (+ 0.93) mm after administration
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RR 1.30, 95%CI 1.00-1.70, p = 0.05. The heterogene-
ity for this comparison was 34%, which reflects the
possible benefit of the PRP technique in relation to
reproductive outcomes in patients with repeated
implantation failures [11, 12, 14-17] (Figure 6).

The fourth analysis aims to compare live birth rates
was done also as a meta-analysis of two studies
that report live-birth rates: RR 0.98, 95%CI 0.63-
1.52, p = 0.92. The heterogeneity for this compari-
son was 0%. Consequently, there was no significant
difference between two groups [11, 15] (Figure 7).
Also, we compare the endometrial thickness before
and after administration of PRP or G-CSF (Table 4).

DISCUSSION
Main fndings

In patients undergoing in vitro fertilization, it is
becoming more common for fertility specialists to
encounter thin endometrium, which impairs im-
plantation and therefore, pregnancy rates [20, 21].
Endometrial thickness may contribute to low fertil-
ity rates even in frozen embryo transfer cycles [22-
24]. Moreover, there is insufficient data to choose
between any adjuvant methods that can gradually
influence endometrial growth.

Interpretation and comparison with other literature

Many factors are involved in the process of im-
plantation, among which the cells of the immune
system and the cytokines they secrete are of great
importance. In this sense, of interest is granulocyte
colony-stimulating factor (G-CSF), which, being
a cytokine that stimulates haematopoiesis, is also
produced by the reproductive system. One of the
main effects is the effect on the proliferation and dif-
ferentiation of the endometrium [25-27]. There are
many studies evaluating the effectiveness of G-CSF
in various pathologies: in patients with recurrent
miscarriage, repeated IVF failures, including those
associated with thin endometrium. Maged Elmoha-
mad et al. found that intrauterine G-CSF injection at
time of ovum pickup in the study group, in com-
parison with control group, did not improve neither
implantation rate (16.68% vs 19.66%, p = 0.243) nor
the chemical (54.5% vs 67%, p = 0.074), clinical preg-
nancy (51.5% vs 62.9%, p = 0.108) rates as well as live
birth rates (31.0% vs 39.8%, p = 0.227). They make
a conclusion that intrauterine infusion of G-CSF

PRP vs G-CSF in women with thin endometrium undergoing assisted reproduction

may not improve implantation rate in women with
unexplained previous intracytoplasmic sperm in-
jection (ICSI) failure [28]. However, Ismet Hortu et
al. in their experimental study in rats suggests that
G-CSF can be a novel agent for the treatment of
ovarian injury. Granulocyte colony-stimulating fac-
tor has also decreased ovarian tissue malondialde-
hyde levels [29].

However, many questions remain regarding dosag-
es and routes of administration.

In the context of the problem under consideration,
platelets and platelet-rich plasma (PRP) are also of
interest, as a result of which an increase in the re-
lease of a number of cytokines and growth factors
occurs. PRP is used in various fields of medicine
due to its ability to influence tissue regeneration,
including recently in patients who are faced with
the problem of thin endometrium [25, 30, 31]. In
2019, Maleki-Khajiaga et al. published a systemat-
ic review of the efficacy of PRP therapy in infertile
women undergoing assisted reproduction. They
concluded that this intrauterine intervention prior
to frozen embryo transfer had a statistically sig-
nificant positive effect on clinical pregnancy rates.
The main theory of the effectiveness of autologous
platelet-rich plasma is the regulation of the immu-
nological interaction between the endometrium and
the embryo during the implantation window [32].

Strengths and limitations

Based on our meta-analysis, PRP therapy has a
considerable effect on pregnancy rates in patients
with thin endometrium in comparison with G-CSF.
However, we found no evidence in favour of these
two methods in thickening endometrium in in-
fertile patients undergoing assisted reproduction.
Nevertheless, this conclusion needs to be con-
firmed by larger prospective RCTs. Hence, further
trials and research are needed.

It is also important to point out the limitations of
the studies. Only two were RCTs [16, 18], and six of
seven [12-15, 17] were non-randomized and had a
small study group. There is currently minimal evi-
dence to support any specific protocols for signifi-
cantly improving pregnancy outcomes in women
with thin endometrium. Further randomized trials
should be conducted on a larger sample of patients.
As for the advantages of our study, we have man-
aged to summarize all available data that com-
pared the effectiveness of two popular adjuvant
approaches that aim to improve ART outcomes
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in infertile patients with thin endometrium. Our
systematic review and meta-analysis allowing us
to have more evidence-based answers to questions
regarding adjuvants in IVF cycles.

CONCLUSIONS

Thin endometrium negatively affects the onset of
pregnancy in assisted reproduction. Based on our
meta-analysis, PRP therapy considerably affects
pregnancy rates in patients with thin endometri-
um compared to G-CSF. However, PRP and G-CSF
had no statistically significant difference in thick-
ening endometrium. Thus, there is currently mini-
mal evidence to support any specific protocols for
significantly improving pregnancy outcomes in
women with thin endometrium.
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INTRODUCTION

ABSTRACT

Objective. Rh alloimmunization is a condition where antibodies develop
against foetal red blood cell antigens; this can lead to severe complications.
However, studies on the awareness among pregnant women about this condi-
tion remain limited. This cross-sectional study aims to assess the awareness of
Rh alloimmunization among pregnant women in the north of Jordan as a pre-
liminary step toward enhancing the quality of healthcare services provided.
Materials and Methods. In this study, a total of 403 pregnant women were
enrolled. Data were collected from pregnant women attending antenatal
clinics at King Abdullah University Hospital and Princess Badea’a Hospital
using a validated questionnaire. The questionnaire covered various aspects
including demographics, awareness of blood type, current pregnancy history,
anti-D immunoglobulin administration, and knowledge of Rh alloimmuni-
zation. Data analysis was conducted using Statistical Package for Social Sci-
ences software, version 26, focusing on the awareness level of the participants
and making comparisons between different categories. Kruskal-Wallis and
Mann-Whitney U tests were employed to examine potential variations in
knowledge scores.

Results. Based on our results, 39.5% of the participants were aware about Rh
alloimmunization, its associated complications, and anti-D immunoglobulin.
In addition, the analysis revealed a significant association between a higher
level of knowledge about Rh alloimmunization and higher educational level,
better socioeconomic status, first pregnancy, negative Rh status, exposure to a
sensitizing event during pregnancy, history of indirect Coombs test and anti-D
immunoglobulin administration (P-values < 0.001).

Conclusions. The study concluded that there was poor knowledge regarding Rh
alloimmunization, its associated complications, and anti-D immunoglobulins.

blood type (the mother) is exposed to positive red
blood cells (from the foetus) [1, 2].

Rh alloimmunization describes the development  Surface antigens expressed on the surface of red
of antibodies against D antigens when a negative blood cells (RBCs) include C, c, E, kell, and D an-

Copyright 2024
398




Rh alloimmunization awareness

tigens, which are known as rhesus factors (Rh fac-
tors). Among them, the D antigen appears to be the
most important as it is highly immunogenic com-
pared to other types of Rh factors [1, 2].

The 1gG antibodies against D antigens persist in
the maternal circulation and can cross the placen-
ta freely during the pregnancy into the foetal cir-
culation leading to formation of antigen-antibody
complexes with the foetal RBCs and consequently
the destruction of foetal RBCs. This leads to foetal
anaemia, hyperbilirubinemia, jaundice, kernicter-
us, neurological sequelae, erythroblastosis fetalis,
and foetal demise. Therefore, the prevention of Rh
alloimmunization is essential to avoid such com-
plications [1, 2].

Rh alloimmunization may be prevented by the ad-
ministration of anti-D prophylactic immunoglob-
ulins [3, 4]. They are administered to Rh-negative
females who have been exposed to Rh-positive
blood. It is assumed that the anti-D immunoglob-
ulins bind to the receptors on the surface of D anti-
gen in Rh-positive RBCs [3]. This binding prevents
the immune system of the Rh-negative person
from recognizing these foreign antigens, thus pre-
venting the immune response and the formation
of antibodies against them. The rate of Rh alloim-
munization without prophylactic anti-D immuno-
globulin accounts for 16% [5].

Since 1977, a single dose of 300 micrograms of an-
ti-D immunoglobulin during the 28" week of preg-
nancy and another dose after delivery has been
recommended, which made a marked decrease in
Rh alloimmunization rates to less than 0.2% in the
United States. Nowadays, Rh alloimmunization
prevalence is estimated to be between 0.4-2.7%
worldwide [4, 6, 7]. In addition, the administration
of prophylactic anti-D immunoglobulin, both ante-
natally and postnatally, has successfully decreased
the rates of Rh alloimmunization to less than 1%.
When using only postnatal injection, the rate de-
creases to 2% [5].

During the early stages of pregnancy, it is recom-
mended to test the blood type of both partners
and to assess the presence of anti-D antibodies
for Rh-negative women [8]. Also, prophylactic an-
ti-D immunoglobulins are recommended for all
Rh-negative non-sensitized pregnant women at
28 and 34 weeks of gestation and within 72 hours
after delivery [2, 5, 9]. However, for Rh-negative
pregnant women who have been exposed to a sen-
sitizing event an anti-D injection should be offered
within 72 hours of the event [5]. During pregnancy,
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the foetus and the mother have separate blood cir-
culations. However, mixing of the two circulations
can occur [4]. This can happen in many situations
like giving birth, miscarriage, abdominal trauma,
ectopic pregnancy, antepartum haemorrhage, in-
trauterine procedures, or external cephalic version
[2, 4].

A literature review which was conducted across
different countries examined the practice of anti-D
immunoglobulin administration antenatally and
postnatally found that antenatal anti-D prophy-
laxis was given in 80-90% of the time compared to
95-100% for postnatal anti-D injection [10]. In con-
trast, once Rh alloimmunization has occurred and
the level of anti-D antibodies has reached a critical
point, anti-D injections are not effective in man-
aging the situation. Instead, alternative options
should be considered such as non-invasive mon-
itoring of foetal anaemia, intrauterine transfusion
when done properly, or foetal delivery [2, 11]. In
case of erythroblastosis fetalis or hydrops fetalis
that is characterized by polyhydramnios, pleural
effusion, and pericardial effusion, a foetal echocar-
diography is recommended [2, 12].

The choice of intervention depends on the severity
of anaemia and gestational age of the foetus [2]. In
the absence of preventive measures, approximately
14% of susceptible women will develop anti-D an-
tibodies within 6 months after delivery or during
subsequent pregnancies [13].

Several cross-sectional studies conducted in Iraq,
Nigeria, and Saudi Arabia aimed to assess popu-
lation awareness of Rh status and Rh alloimmuni-
zation [14-17]. In the Iraqi study, newly married
couples were targeted, with 1,136 couples partici-
pating. The findings revealed that 42 couples have
Rh alloimmunization, and 64.3% of the male part-
ners for the 42 couples had no prior knowledge
of their wives’ blood group [15]. Moreover, 83.3%
of the male partners of the 42 couples had no pri-
or knowledge about the importance or complica-
tions of Rh alloimmunization [15]. The Nigerian
study was conducted among 215 pregnant wom-
en who attended antenatal clinics at Babcock Uni-
versity Teaching Hospital. The study concluded
that they were aware of Rh alloimmunization but
not its associated complications [17]. Another Ni-
gerian study enrolled 927 secondary school girls,
which concluded that there was poor knowledge
and awareness of Rh alloimmunization and their
own Rh status [14]. However, the Saudi Arabia
cross-sectional study recruited pregnant women




Ital J Gynaecol Obstet 2024, 36, N.3

attending a routine antenatal clinic to measure
their awareness of Rh alloimmunization. A total
of 108 pregnant women participated in the study,
of which 41.7% were aware of Rh alloimmuniza-
tion and their Rh status [16].

The primary aim of this study is to assess the lev-
el of awareness among pregnant women in the
north of Jordan regarding Rh alloimmunization,
a crucial issue that demands immediate attention
due to its significant impact on maternal and foe-
tal health. Additionally, this study aims to assess
the various factors that influence this awareness
among the target population.

This study provides valuable insights that can
help in the implementation of awareness pro-
grams for pregnant women, especially those at
higher risk of developing Rh alloimmunization.
In addition, this study’s insights will help to en-
hance the quality of primary healthcare services
offered to pregnant women in Jordan, which
could aid in reducing preventable foetal and ma-
ternal complications, thereby lowering the over-
all healthcare costs associated with managing this
condition.

To our knowledge, this study is the first of its kind
in Jordan, which adds to its uniqueness and pro-
vides valuable insights for future research in this
vital area of maternal and foetal health.

MATERIALS AND METHODS

In this cross-sectional study, we targeted pregnant
women in the north of Jordan. Data were gathered
through face-to-face interviews and self-reported
guestionnaires. The sample was recruited from
the two major tertiary hospitals in the north of Jor-
dan: King Abdullah University Hospital (KAUH)
and Princess Badea’a Hospital (PBH). A total of
403 pregnant women aged 18 to 50 attending
antenatal care (ANC) clinics at KAUH and PBH
were enrolled in the study and in the final data
analysis. The number of participants the approx-
imate monthly attendance of pregnant women at
the ANC clinics, which is around 1,000 at KAUH
and 2,000 at PBH. With a confidence interval of
95% and a margin of error of 5%, a sample size
of 340 was requested in total from both hospitals.
The study was approved by Yarmouk University
institutional review boards. This work was done
in adherence to the declaration of Helsinki, and
all participants” data were kept confidential.

Rh alloimmunization awareness

The questionnaire was designed based on previ-
ous similar articles and a literature search [12-15]
using Google Forms, questionnaire link: https:.//
docs.google.com/forms/d/e/1FAIpQLScYo7wn-
VBibbozXbill3sPGhhuSgxglUISUCPzqV8oBuc9i-
DA/viewform?usp=sharing). Before distributing
the questionnaires, a pilot study was conducted
involving 33 pregnant women, and its validity was
checked by qualified specialists. The questionnaire
was translated from English into Arabic by a pro-
fessional medical team and was able to be retrans-
lated. Data collection was done over a two-month
period.

The questionnaire included four main sections.
Demographics were gathered in the first section.
The second section focused on assessing partici-
pants’ pregnancy history, including past and cur-
rent pregnancies, history of anti-D immunoglob-
ulin administration, vaginal bleeding, abdominal
trauma, miscarriage, indirect Coombs test (ICT),
and the participants’ awareness of their blood type
and their partners’ blood type. The third section in-
corporated multiple questions aimed at assessing
participants’ awareness of Rh alloimmunization,
its associated complications, and its sensitizing
events, as explained in Table 1. In addition, there
were specific questions assessing the awareness of
anti-D injection timing and its importance, as ex-
plained in Table 1. The last section was about the
sources of information.

Due to the absence of a universally accepted ques-
tionnaire measuring Rh alloimmunization, we de-
veloped a scoring system to calculate a total score
that represented each participants’ awareness.
However, we were unable to define a specific cut
point to categorize participants into those with
good knowledge and others without. Consequent-
ly, the mean was used as a cut point, where those
who scored above the mean were considered to
have good knowledge while those below it was
considered to have poor knowledge. One point
was granted for each correct answer as shown on
Table 1.

The information was taken from Google Forms
and converted to an Excel spreadsheet before be-
ing entered into the Statistical Package for Social
Sciences (SPSS) version 26. The knowledge score
was compared according to age, area of residence,
educational level, occupation, economic status,
Rh status, blood type, history of vaginal bleeding
during pregnancy, and number of pregnancies.
Descriptive analysis was used to display categori-
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Table 1. Questionnaire scores.
Questions Participant’s answers
Yes No
Do you know about Rh alloimmunization? 1 point 0 point
Who does Rh alloimmunization affect (you can choose one answer)?
Rh-negative mother and Rh-negative foetus 0 point
Rh-negative mother and Rh-positive foetus 1 point
Rh-positive mother and Rh-positive foetus 0 point
Rh status does not matter 0 point
I do not know 0 point
Rh antibodies (choose the correct answer)
Affect the first pregnancy 0 point
Affect pregnancies after the first pregnancy 1 point
Does not affect foetus 0 point
I do not know 0 point
Which one of following is/are complications of Rh alloimmunization (choose all correct answers)?
Rh alloimmunization causes anaemia to the foetus 1 point 0 point
Rh alloimmunization causes death to the foetus 1 point 0 point
Rh alloimmunization causes hydrops to the foetus 1 point 0 point
Rh alloimmunization causes neurological complications to the foetus 1 point 0 point
Rh alloimmunization causes jaundice to the foetus 1 point 0 point
I do not know 0 point 0 point
Anti-D injections (choose all correct answers)
Anti-D injections are given in the first pregnancy only 0 point 1 point
Anti-D injections could be given in each pregnancy 1 point 0 point
Anti-D injections could be given multiple times in the same pregnancy 1 point 0 point
Anti-D injections could prevent complications of future pregnancies 1 point 0 point
Anti-D injections prevent anti Rh antibodies formation 1 point 0 point
I do not know 0 point 0 point
When should anti-D injections be offered
28" gestational weeks 1 point 0 point
34t gestational weeks 1 point 0 point
In the first three days after delivery 1 point 0 point
Any time after delivery 0 point 1 point
Severe vaginal bleeding or recurrent vaginal bleeding during pregnancy 1 point 0 point
Trauma to the abdomen during pregnancy 1 point 0 point
After amniocentesis or chorionic villus sampling 1 point 0 point
After abortion 1 point 0 point
After ectopic pregnancy 1 point 0 point
I do not know 0 point 0 point
Total score 22

cal variables as percentages and frequencies while
presenting numerical variables as a mean and stan-
dard deviation to evaluate the data quantitatively.
Normality was tested using the Shapiro-Wilk test.
The Mann-Whitney U and Kruskal-Wallis tests
were conducted to assess potential differences in
means among variables. A P-value less than 0.05
was considered statistically significant.

RESULTS

A total of 403 women participated in the study,
where 391 were within the 18-30 age range. Table
2 demonstrates the demographic characteristics.

Regarding maternal blood group, 90.07% were fa-
miliar with their blood type and 67.7% were famil-
iar with their husband’s blood type. Considering
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Table 2.  Demographic characteristics (n = 403).
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Table 3. Pregnancy and maternal health characteristics (n = 403).

Item Frequency (%) Item Frequency (%)
Age in years First pregnancy
18-30 206 (51.1) Yes 60(14.9)
30-40 185 (45.9) No 343 (65.1)
Current trimester through this pregnancy
40-50 12(3.0)
f resid First trimester (1-13 weeks) 34 (8.4)
Area of residence Second trimester (14-27 weeks) 85 (21.1)
Urban 211 (52.3) Third trimester (28-40 weeks) 284 (70.5)
Rural 168 (41.7) Previous miscarriage
Camp 24(6.0) Zero 180 (44.7)
Governorate Once 83(20.6)
Northern governorates 390 (96.8) Twice 45(11.2)
More than two 35(8.7)
Central governorates 12(3.0) NA, since the first time to be pregnant 60 (14.9)
Southern governorates 1(0.2) Number of children
Highest educational level achieved Zero 73(18.1)
School 194 (48.1) One 90(22.3)
University 209 (51.9) Two 90(22.3)
. More than two 150 (37.2)
Occupation
Place of prenatal care*
Employee 95(23.5) Government Hospital 207 (51.4)
Housewife 308 (76.5) University Hospital 173 (42.9)
Monthly family income Military Hospital 1(0.2)
Less than 500 JDs 281 (69.7) Health Center 14(3.5)
500-1.000 JDs 109 (27.0) Private Sector 93 (23.1)
M h Previous surgical or non-surgical gynaecological
ore than 1,000 JDs 13G3) procedures during the current pregnancy*
JDs: Jordanian Dinars. Yes 17 (4.2)
| Rh 78.7% were Rh-positive whil " 80558
materna status, 70 \_Nere -pOSItIVG whnile Experienced any abdominal injuries during the
only 11.4% were Rh-negative and 9.9% were un- current pregnancy
aware of their Rh status. Yes 13(3.2)
On the other hand, 59.8% of the husbands were No 390 (96.8)
Rh-positive and 0n|y 7.9% were Rh-negative Experienced vaginal bleeding during the current
. .. pregnancy
while 32.2% of the participants were unaware of Ves 48(11.9)
- y 0 :
their partners blc_)od type._However, 3.23% of the No 355 (88.1)
couples were Rh incompatible. Received the anti-D immunoglobulin during the
A small number reported exposure to sensitizing current pregnancy
events during current pregnancy where 11.9% ex- Yes 14(3.5)
perienced vaginal bleeding, 4.2% underwent sur- 20 ) 22; 807)9)
. . . on't know .
gical or non-surgical gynaecological procedures,
% had abd . It duri ) NA 145 (36.0)
and onIy 3.2% had abdominal trauma uring cur Received the anti-D immunoglobulin in the previous
rent pregnancy. Table 3 demonstrates the preg- pregnancies if this is not the first pregnancy
nancy and maternal health characteristics. Yes 29(7.2)
Regarding Rh alloimmunization knowledge ques- No 128(31.8)
Don't know if they received or not 186 (46.2)

tions, 28.78% were aware that Rh alloimmunization
occurs in a Rh-negative mother with Rh-positive
father and 20.74% were aware of Rh alloimmu-
nization complications. Moreover, 31.76% were
aware that Rh alloimmunization could result in
foetal death and it was the most frequently report-
ed complication, followed by foetal anaemia and
foetal jaundice, 21.84%, and 18.11%, respectively.

Moving to anti-D immunoglobulin awareness ques-
tions, 32% of the participants were aware that anti-D

NA 60 (14.8)
Timing of ICT for Rh-negative participants

Start of pregnancy 10 (2.5)
Before receiving the immunization shot 701.7)
During the seventh month of pregnancy - week 28 3(0.7)
Did not undergo the test 25(6.2)
Don't know if they performed or not 81 (20.1)

NA 277 (68.7)

ICT: Indirect Coombs Test; NA: not applicable; *the question was multiple responses
set; *surgical and non-surgical procedures: amniocentesis, chorionic villus sampling,
and any other surgical procedures.
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Table 4. The relationship between knowledge scores and demographics.

Item Mean + SD Median P-value
(Max-min)
Age in years* 0.925
18-30 4.20 £5.07 2(21-0)
30-40 455+ 5.31 2 (20-0)
40-50 342 +337 3(9-0)
Area of residence® 0.036
Urban 464 +£5.26 2(21-0)
Rural 431+5.18 2(21-0)
Camp 1.87 £3.26 0(12-0)
Governorate® 0.390
Northern 438 +5.15
governorates
Central governorates 3.25+4.83
Southern - -
governorates
Highest educational <0.001
level achieved®
School 2.64 +391 1(17-0)
University 5.91+562 5(21-0)
Occupation® <0.001
Employee 6.82 +5.80 6(21-0)
Housewife 3.57 +4.68 1 (20-0)
Monthly family income* <0.001
Less than 500 JDs 3.61+4.72 1(21-0)
500-1,000 JDs 5.61+5.28 5(19-0)
More than 1,000 JDs 9.38+7.53 6(21-0)

JDs: Jordanian Dinars; ICT: Indirect Coombs Test; A: Kruskal-Wallis; B: Mann-Whitney
U test; P-value less than 0.05 was considered significant.

immunoglobulin administration decreases the risk
of complications in future pregnancies and 29.78%
knew that anti-D immunoglobulin prevent anti-Rh
antibodies formation. Concerning the knowledge of
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anti-D timing, 32% were aware that anti-D immu-
noglobulin could be given in each pregnancy, and
22.58% were aware that anti-D immunoglobulin is
given in the first three days after delivery. Howev-
er, only 12.6% and 9.68% were aware that anti-D im-
munoglobulin is given in the 28" and 34" gestational
weeks, respectively.

The knowledge score exhibited an average of 4.34 £
5.13 (mean * SD), with a median score of 2 (ranging
from 0 to 21). Over one third (38.7%) had a score of
zero and 18.86% had a score of more than 10. After
using the mean as a cut-off point, 159 (39.5%) scored
above the mean and were considered to have good
knowledge while 244 (60.5%) scored below the mean
and were categorized to have poor knowledge.

The Mann-Whitney U and Kruskal-Wallis tests were
employed to examine potential variations in knowl-
edge scores within our sample. We found that par-
ticipants living in urban areas, with university-level
education, who were employed, with a monthly in-
come exceeding 1,000 Jordanian dinars, with nega-
tive Rh status, who experienced their first pregnancy,
who reported vaginal bleeding during their current
pregnancy, who received the anti-D immunoglob-
ulin during the current pregnancy or in previous
pregnancies, and who did the ICT at the beginning of
pregnancy had significantly higher knowledge scores
with all P-values < 0.001. Tables 4 and 5 demonstrate
the relationship between knowledge scores and de-
mographics, pregnancy, and maternal health.
Regarding sources of knowledge, 35% of the partici-
pants reported that their knowledge was from other
sources than those mentioned in the figure. Figure 1
demonstrates the information sources.

m others m Healthcare providers = Social media

Family mambers m Eductional insitiution = Friends

Figure 1. Information sources.
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Table 5. Relationship between knowledge score and maternal health and pregnancy.
Item Mean = SD Median (Max-min) P-value
Maternal Rh status® <0.001
Rh-Positive 4.09 £4.970 2(21-0)
Rh-Negative 8.09 +£5.448 8(21-0)
First pregnancy® 0.017
Yes 5.83 £5.66 5(21-0)
No 4.08 +5.00 2(21-0)
Current trimester through this pregnancy* 0.298
First trimester (1-13 weeks) 476 +4.94 2.5(17-0)
Second trimester (14-27 weeks) 4.99 +5.63 2(21-0)
Third trimester (28-40 weeks) 4.09 £5.00 2(21-0)
Previous abortions* 0.302
Zero 3.69 +4.84 1(19-0)
Once 4.89 +547 3(21-0)
Twice 3.62+4.35 2(16-0)
More than two 4.69 +5.31 2(17-0)
Number of children® 0.111
Zero 541 +5.85 3(21-0)
One 3.78 £4.51 2(18-0)
Two 5.03+5.35 4(20-0)
More than two 3.73+4.89 1(18-0)
Previous surgical or non-surgical gynaecological procedures during the 0.733
current pregnancy®
Yes 4.41+5.86 3(21-0)
No 433+5.11 2(21-0)
Experienced any abdominal injuries during the current pregnancy® 0.883
Yes 4.54+5.94 1(14-0)
No 433+5.11 2(21-0)
Experienced vaginal bleeding during the current pregnancy® 0.012
Yes 6.06 +5.78 4(17-0)
No 4.10+5.00 2(21-0)
Received the anti-D immunoglobulin during the current pregnancy® <0.001
Yes 10 +4.90 10 (18-0)
No 3.89+4.74 2(21-0)
Received the anti-D immunoglobulin in the previous pregnancies if this is <0.001
not the first pregnancy?®
Yes 6.93 £4.91 7(17-0)
No 242 +£4.04 0(18-0)
If the blood type is negative, when was the ICT performed* < 0.001
Start of pregnancy 8.50+7.22 6.5 (21-0)
Before receiving the immunization shot 9.14 + 6.09 9(18-1)
During the seventh month of pregnancy - week 28 8.33+3.06 9(11-5)

JDs: Jordanian Dinars; ICT: Indirect Coombs Test; A: Kruskal-Wallis; B: Mann-Whitney U

DISCUSSION
Main fndings

This cross-sectional study sought to assess the
awareness of Rh alloimmunization among 403 preg-

test; P-value less than 0.05 was considered significant.

nant women attending ANC clinics at KAUH and
PBH in the north of Jordan. Our results revealed in
general a poor knowledge of Rh alloimmunization
as 39.5% of the participants exhibited good knowl-
edge about Rh alloimmunization and prophylactic
anti-D immunoglobulin. Only 29.78% knew when
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Rh incompatibility occurs, and 31.76% were aware
that it could cause foetal death and it was the high-
est percentage regarding Rh related complications.
In addition, a humble percentage 27.85% reported
that anti-D immunoglobulin can prevent anti-Rh
antibodies formation, while the most known timing
for administration was in the first three days after
delivery with 22.58%.

There are highly statistically significant associations
between the level of knowledge about Rh alloimmu-
nization and negative Rh status, higher educational
level, better socioeconomic status, and history of an-
ti-D immunoglobulin administration in the current
and previous pregnancies, and indirect Coombs test-
ing in current pregnancy (P-values < 0.001), along
with vaginal bleeding during the current pregnancy
(P-values = 0.012).

We assume that participants who have negative Rh
status were more aware of Rh alloimmunization be-
cause they received information about their condi-
tion, underwent necessary testing (indirect Coombs
test), and were given anti-D immunoglobulin by
healthcare providers. Additionally, they are keen
on acquiring knowledge about this disease, which
could threaten the lives of their babies. In case of sen-
sitizing events, such as vaginal bleeding, the med-
ical team must follow a stepwise approach regard-
ing the patient’s condition and then offer an anti-D
immunoglobulin within 72 hours of the sensitizing
event [8]. This in turn raises awareness regarding
the necessity of receiving an anti-D immunoglobulin
injection when needed, in addition to informing the
patient about potential complications that may arise.
Considering anti-D timing, the most frequently
known time was during the first three days after

Table 6.  Summary of guidelines for anti-D prophylaxis administration.

Organization Antenatal prophylaxis Postnatal prophylaxis

ACOG 300 micrograms at 28 weeks Within 72 hours of
delivery

BCSH 28 weeks, 34 weeks 500 IU, or Within 72 hours of
one dose 1500 at 28 weeks delivery

NICE Two doses 500 IU at 28 and Within 72 hours of
34 weeks delivery

Or two doses 1000-1650 U
500 1U28 at 28 and 34 weeks
Or one dose 1500 IU at 28
weeks or between 28-30

weeks
RANZCOG Two doses 625 IU at 28 and Within 72 hours of
34 weeks delivery

ACOG: American College of Obstetricians and Gynecologists; BCSH: British
Committee for Standards in Hematology; NICE: National Institute for Health and Care
Excellence; RANZCOG: Royal Australian College of Obstetricians and Gynecologists.
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delivery (22.58%); this might be explained by the
more commonly practiced approach as explained
in the literature review by (Fyfe) [10]. Postnatal an-
ti-D prophylaxis was given in 95-100% of the cases
and antenatal prophylaxis was given in 80-90% of
the cases [8]. The standard dose of anti-D immuno-
globulins covering 30 ml of foetal whole blood is
300 micrograms [18].

There are some minor differences between guide-
lines on when to give anti-D immunoglobulins
prophylaxis. Table 6 provides a summary of the
following societies and organizations guidelines:
American College of Obstetricians and Gynecol-
ogists (ACOG) guidelines, British Committee for
Standards in Hematology (BCSH), National Insti-
tute for Health and Care Excellence (NICE), and
Royal Australian College of Obstetricians and Gy-
necologists (RANZCOG) [18-21].

Strengths and limitations

The major motive for this study was the lack of sim-
ilar studies in Jordan, so our study is considered
the first of its kind in Jordan. Based on our results
in which the sample was recruited from two major
tertiary hospitals in the north of Jordan, we found
that there was a lack of sufficient awareness about
this issue. Furthermore, our face-to-face interviews
revealed a noteworthy observation: participants
whose relatives received an anti-D immunoglobu-
lin injection had better knowledge than those whose
relatives did not receive the injection. However, this
relation needs to be studied further.

This study faced some limitations including its
cross-sectional nature, so we cannot establish a
causal relationship. In addition, because this study
was limited to pregnant women in the north of Jor-
dan, the results cannot be generalized to the Jorda-
nian population. In addition, we could not compare
the awareness and knowledge between Rh incom-
patible and Rh compatible couples because the Rh
incompatible couples group was very small com-
pared to Rh compatible groups. Finally, our ability
to compare our studies with international studies
was hindered by the scarcity of globally conducted
studies focused on assessing Rh alloimmunization.

Interpretation and comparison with other literature
Several cross-sectional studies have been conduct-

ed to assess population awareness of Rh alloimmu-
nization [14-17]. A Nigerian study, which enrolled
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140 pregnant women attending ANC clinics, con-
cluded that there was knowledge about Rh allo-
immunization but poor awareness about the com-
plications [17], which coincides with our results
regarding awareness about complications but not
about the Rh alloimmunization.

Furthermore, a cross-sectional study was conduct-
ed in Saudi Arabia which recruited pregnant wom-
en attending a routine antenatal clinic to measure
their awareness of Rh alloimmunization. A total of
108 pregnant women participated in the study, of
which 41.7% were aware of Rh alloimmunization
[16] while 28.78% were aware about Rh alloimmu-
nization in our study. In comparison to our study,
the Saudi study found a stronger association be-
tween awareness and the previous administration
of anti-D immunoglobulin as well as vaginal bleed-
ing in early pregnancy (P-value = 0.000) [14]. As op-
posed to the Saudi study that reflected an increased
awareness among older women, our study showed
no association between the age and the level of
Rh alloimmunization awareness. Moreover, they
found that parity had no association with aware-
ness while in our study we found that first-time
pregnancy had a considerable association [16]. This
could be related to age of marriage, as the mean age
of first marriage in Jordan is 24.6 years while it is
26.6 years in Saudi Arabia according to the World
Bank [22].

An lIraqi study and another Nigerian study were
conducted among different populations with new-
ly married couples and undergraduate female stu-
dents, respectively [14, 15]. In the Iraqi study, 1,136
couples were enrolled. There were 42 Rh incompat-
ible couples of which 64.3% of them were unaware
of their wife’s blood group or Rh status and 83.3%
were unaware of Rh alloimmunization consequenc-
es, compared to our results 79.26% were unaware of
Rh alloimmunization consequences [15]. Neverthe-
less, the Iraqi study focused on newly married cou-
ples, while our study enrolled pregnant women.

In the Nigerian study, 23.85% were considered to
have good knowledge, compared to our study,
39.5% were considered to have good knowledge.
However, the population in the Nigerian study
comprised of undergraduate females, while our
study examined the knowledge of pregnant
women [14].

Another study that was conducted among 1,800
Omani individuals to assess the awareness of their
own blood type concluded that 95.2% were familiar
with their blood type. This is in line with our study

Rh alloimmunization awareness

where 90.07% were familiar with their blood type
[23]. However, this study did not examine the pop-
ulation awareness of Rh alloimmunization.

CONCLUSIONS

According to our findings, 39.5% of the pregnant
women in this study exhibited good knowledge
about Rh alloimmunization, its associated compli-
cations, anti-D timing, and its importance. Further-
more, knowledge of Rh alloimmunization showed
a significant association with many factors includ-
ing negative Rh status, higher educational level,
better socioeconomic status, history of anti-D im-
munoglobulin administration, indirect Coombs
testing, vaginal bleeding, and residing in urban
areas. However, there was no significant associa-
tion between knowledge of Rh alloimmunization
and age, current trimester, previous surgical or
non-surgical gynaecological procedures, and pre-
vious miscarriage.

In conclusion, we recommend expanding the scope
of the research to comprise the general population,
raising awareness through publishing brochures,
conducting seminars, and providing direct edu-
cation to the patients, with a focus on rural areas.
Also, we recommend including blood group test-
ing as a part of pre-marital screenings and inform-
ing couples about the possibility of developing Rh
alloimmunization and ways to prevent it.
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INTRODUCTION

ABSTRACT

Objective. Polycystic ovarian syndrome (PCOS) is women’s most common
reproductive disorder in their childbearing years, with an estimated prev-
alence of 5-10%. In women with PCOS, the chance of having problems, in-
cluding infertility, insulin resistance, and type 2 diabetes, increases signifi-
cantly. The role of ultrasound in diagnosing PCOS is clear. In this study, we
aimed to assess the diagnostic value of multiple ultrasound manifestations
of PCOS in detecting infertility in patients with PCOS.

Materials and Methods. The study enrolled 246 patients with PCOS, of
whom 171 (69%) had infertility and 75 (30%) were fertile. Patients under-
went ultrasonography between days 3 and 7 of the menstrual cycle to assess
ovarian volume, total follicle count, follicle distribution pattern (peripheral-
ly distributed versus randomly distributed), and S/A ratio.

Results. The mean age of patients in the group without fertility problems
was 28, and in patients with infertility, it was 31, but the difference was
not significantly meaningful. The sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of ovarian volume higher
than 10 cc for detecting infertility in patients with PCOS were 92%, 91%,
90%, and 90%, respectively. Our results show that peripherally distributed
follicles and an increased ovarian volume of more than 10 cc exhibited the
highest sensitivity, specificity, PPV, and NPV in detecting infertility in pa-
tients with PCOS compared with other ultrasound findings.

Conclusions. Peripherally distributed follicles and an increased ovarian
volume of more than 10 cc could be used as an appropriate screening test
for detecting infertility in patients with PCOS.

lence of 5-10% [1-6]. It is characterized by a range
of variable manifestations [7]. Evidence suggests

Polycystic ovarian syndrome (PCOS) is the most  that several vitamin imbalances and nutraceutical
common reproductive disorder among women in  supplementation to counteract them may signifi-
their childbearing years, with an estimated preva-  cantly affect women’s health [8, 9]. One of the most
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critical mechanisms of PCOS pathogenesis is insu-
lin resistance. For this reason, insulin sensitizers,
such as inositol isoforms, have gained increasing
attention due to their safety profile and effective-
ness [10].

The diagnosis of PCOS is typically based on a
combination of clinical and endocrine character-
istics, including elevated serum concentrations of
luteinizing hormone (LH), testosterone (T), and
androstenedione [11, 12]. The 2003 “Rotterdam
criteria” allow for the diagnosis of PCOS when
two out of three features are present: oligomen-
orrhea or anovulation, clinical or biochemical
hyperandrogenism, and polycystic ovarian mor-
phology (PCOM) observed through ultrasound
examination [13-18]. In previous studies, poly-
cystic ovary morphology (PCOM) was defined as
enlarged ovaries with a mean volume of 12 cm?,
characterized by an increased number of small
follicles (2-8 mm) predominantly located at the
periphery [19]. Other studies considered PCOM
as 10 or more follicles measuring 2-8 mm in diam-
eter arranged in a peripheral pattern around an
echo-dense stroma [20, 21].

Currently, the diagnosis of PCOS is typically made
based on the Rotterdam criteria, which require
the presence of at least two out of three criteria: 1)
oligo and/or anovulation, 2) hyperandrogenism
(clinical and/Zor biochemical), and 3) polycystic
ovary morphology (PCOM) observed through
ultrasonography. PCOM is defined as 12 or more
follicles measuring 2-9 mm in diameter and/or an
increased ovarian volume > 10 cm?® [22-26]. Addi-
tionally, several studies have investigated the role
of the stroma/total area ratio (S/A ratio) in diag-
nosing PCOS [27-29].

Women with PCOS have a significantly increased
risk of various problems, including infertility, in-

The role of ultrasound in patients with polycystic ovary syndrome

sulin resistance, and type 2 diabetes [27]. Some
studies have explored the correlation between
different ultrasound criteria of PCOS, particular-
ly the pattern of follicle distribution in the ovary,
and infertility in these patients. Therefore, the aim
of the current study is to compare the reliability
of different ultrasound features of PCOM, such as
ovary volume, S/A ratio, and the pattern of follicle
distribution (peripherally located versus random
distribution), in predicting infertility in patients
with PCOS.

MATERIALS AND METHODS

The competent Ethics Committee approved our
cross-sectional study, and the study was conduct-
ed following the ethical standards established in
the Declaration of Helsinki of 1946. Informed con-
sent was obtained from all participants before en-
rolment. The data of patients were retrospectively
reviewed from September 2016 to December 2019.
A total of 246 patients diagnosed with PCOS were
enrolled in the study, with 171 (69%) experiencing
infertility and 75 (30%) being fertile. Infertility was
the inability to conceive after one year of unprotect-
ed intercourse. The inclusion criteria for the study
were clinical and laboratory evidence of PCOS. Par-
ticipants who had used hormonal contraception or
fertility medications within the three months before
enrolment were excluded from the study.

Ultrasound technique

Patients underwent ultrasonography between Days
3 and 7 of their menstrual cycle. The ultrasonogra-
phy examinations were performed by a diagnostic
radiologist with 17 years of experience in gynaeco-

Figure 1. Polycystic ovary with (A) randomly distributed follicles and (B) peripherally located follicles.
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Figure 2. (A) Dimensions of the polycystic ovary with the pattern of peripherally located follicles, note the enlarged ovary; (B) Method of measuring the S/A

ratio in the ovary in the same patient.

logic ultrasonography using a Voluson E6 machine
(GE Healthcare, Zipf, Austria) equipped with a 2-5
MHz abdominal probe and a 7.5-MHz transvaginal
probe. The examinations took place at an educa-
tional, medical hospital. Importantly, the radiologist
conducting the ultrasounds was blinded to the pa-
tient’s fertility history to avoid any bias. The ovaries
were scanned in both the transverse and sagittal
planes during the ultrasound examinations, cover-
ing the inner to outer margins. The following mea-
surements were recorded for each patient:
= Qvarian volume (measurement of the size of the
ovaries).
= Total follicle count (count of all follicles present
in the ovaries).
= Follicle distribution pattern (peripherally dis-
tributed versus randomly distributed) (Figure
1A,B) — (evaluation of the arrangement of folli-
cles within the ovaries).
e Stroma/area ratio (S/A ratio) (measurement of
the stroma to total ovarian area ratio).
These parameters were assessed to evaluate the ul-
trasound manifestations of PCOS and their associa-
tion with infertility in the patients. The calculation
of ovarian volume was performed based on mea-
surements of the largest and widest diameters of the
ovaries in both the transverse and sagittal planes (as

illustrated in Figure 2A). An ovarian volume greater
than 10 cc was considered as higher than 10 cc, while
a volume of 10 cc or less was classified as less than
10 cc. The follicle distribution pattern was assessed
to determine whether the follicles were predomi-
nantly distributed in a “peripheral” pattern or ran-
domly distributed within the stroma. The stroma/
area ratio (S/A ratio) was calculated for each ovary,
as demonstrated in Figure 2B. It was then catego-
rized as either higher than 0.3 or less than 0.3. These
measurements and assessments were conducted to
evaluate the ultrasound manifestations of PCOS and
their correlation with infertility in the patients.

RESULTS
Patient characteristics

The study included 246 women with PCOS, com-
prising 171 patients with infertility and 75 fertile
women. The mean age of patients in the group with-
out fertility problems was 28, while in patients with
infertility, it was 31; however, the difference was not
statistically significant. The mean free androgen in-
dex of patients in the group without infertility was
11, and in the group facing fertility problems, it was

Table 1. A comparison of clinical, hormonal features in women with PCOS with and without fertility problems.

Patients with PCOS without fertility problems (n=75) Patients with PCOS with infertility (n=171) P-value
Age (years) 28 (23-35) 31 (25-38) 0.204
BMI (kg/m?) 30.1(23.7-37.3) 31.1(23.7-37.3) 0.008
Menstrual cycle length (d) 74 (46-128) 78 (46-128) 0.005
Total testosterone (nmol/l) 3.12 (2.50-4.50) 3.38 (2.50-4.50) 0.004
Free androgen index 11(6-18) 12 (6-18) 0.009

Median values are presented with 25-75" quartiles in parentheses.
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Table 2. Reliability of ultrasound fndings in predicting infertility in patients with PCOS.
Sensitivity% (95%Cl) Specificity% (95%Cl) PPV% (95%Cl) NPV% (95%Cl)
Ovarian volume > 10 cc 92% (71-99) 91% (70-98) 90% (68-97) 90% (68-97)
> 12 follicles per ovary (peripherally distributed) 90% (69-97) 93% (81-99) 91% (69-99) 92% (71-98)
> 12 follicles per ovary (randomly distributed) 83% (74-92) 85% (72-93) 81% (71-91) 83% (72-92)
S/A>0.3 92% (71-99) 93% (81-99) 96% (85-99) 93% (83-99)
> 12 follicles per ovary (peripherally distributed) 98% (85-99) 97% (87-99) 96% (86-99) 95% (86-99)
along with ovarian volume > 10 cc
> 12 follicles per ovary (peripherally distributed) 82% (75-93) 84% (71-94) 78% (69-85) 80% (75-86)

along with ovarian volume < 10 cc

12. The menstrual cycle length in patients with infer-
tility was significantly longer than the other group
(78 versus 74) (P-value < 0.05) (Table 1).

Hormonal profles

All patients exhibited abnormal hormonal profiles,
characterized by elevated serum LH and testoster-
one levels.

Ultrasound fndings

Ultrasound examinations were successfully con-
ducted for all patients, visualizing both ovaries
using transabdominal and transvaginal scans. The
sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of ul-
trasound considering ovarian volume higher than
10 cc for detecting infertility in patients with PCOS
were 92%, 91%, 90%, and 90%, respectively.

Follicle distribution patterns

When comparing the diagnostic value of patterns
of follicle distribution in ovaries, a higher sensitivi-
ty, specificity, PPV, and NPV were observed for pe-
ripherally distributed follicles versus random dis-
tribution, with values of 90%, 93%, 91%, and 92%,
respectively, compared to 83%, 85%, 81%, and 83%.

Stroma/Area Ratio (S/A Ratio)

Considering the S/A ratio higher than 0.3, ultra-
sound’s sensitivity, specificity, PPV, and NPV in
detecting infertility were increased when compared
with ovarian volume higher than 10 cc.

Combined ultrasound parameters

The highest sensitivity, specificity, PPV, and NPV
of the ultrasound method for detecting infertility in

patients with PCOS were obtained when consider-
ing the pattern of more than 12 follicles per ovary
(peripherally distributed) along with ovarian vol-
ume higher than 10 cc, with values of 98%, 97%,
96%, and 95%, respectively. However, with the same
pattern (more than 12 follicles per ovary (peripher-
ally distributed)) but with an ovarian volume less
than 10 cc, the sensitivity, specificity, PPV, and NPV
of ultrasound for detecting infertility decreased to
82%, 84%, 78%, and 80%, respectively (Table 2).

DISCUSSION

Polycystic ovary syndrome (PCOS) is a prevalent
endocrine disorder among women [30]. The diag-
nosis of PCOS is typically based on at least two out
of three criteria: oligo or anovulation, clinical and/
or biochemical signs of hyperandrogenism, and
polycystic ovaries morphology observed through
ultrasound examination [28]. The role of imaging
in assessing various diseases is well-known [31-39].
Ultrasound is a commonly used non-invasive imag-
ing modality for evaluating patients with PCOS.
The ultrasound criteria used to assess polycystic
ovaries (PCO) in this study include the presence of
12 or more ovarian follicles measuring 2-9 mm in
diameter, peripherally distributed ovarian follicles,
an ovarian volume exceeding 10 cm?, and a highly
echogenic ovarian stroma [25]. Infertility rates in in-
dividuals with PCOS are estimated to be 15 times
higher than those without the condition [40].
Previous studies have investigated multiple ul-
trasound findings in patients with PCOS. How-
ever, few studies have investigated the correlation
between ultrasound findings and infertility in
patients with PCOS. This study aimed to deter-
mine the diagnostic value of different ultrasound
manifestations in identifying infertility in patients
with PCOS. In polycystic ovaries, the peripheral
distribution of follicles has traditionally been rec-
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ognized as a characteristic feature [41]. Our data
revealed a higher sensitivity and specificity of ul-
trasound in detecting infertility among patients
with PCOS when considering an ovarian volume
cutoff point of 10 cc and the presence of at least
12 follicles with a peripheral distribution, consis-
tent with previous studies [23, 41, 42]. Converse-
ly, considering randomly distributed follicles per
ovary resulted in lower sensitivity, specificity, pos-
itive predictive value (PPV), and negative predic-
tive value (NPV) for detecting infertility in PCOS
patients. Additionally, an increased stroma/area
(S/A) ratio demonstrated a strong association
with high sensitivity, specificity, PPV, and NPV for
detecting infertility. These findings suggest that an
increased central stroma of the ovary with periph-
erally distributed follicles is a significant predictor
of infertility in patients with PCOS.

Based on our results, the combination of periph-
erally distributed follicles and an ovarian volume
exceeding 10 cc showed the highest sensitivity,
specificity, PPV, and NPV in detecting infertility
among patients with PCOS compared to other ul-
trasound findings. Conversely, the lowest sensi-
tivity and specificity were observed when consid-
ering peripherally distributed follicles alongside
an ovarian volume of less than 10 cc. Regrettably,
most of the studies conducted on patients with
PCOS have focused on evaluating ultrasound
findings rather than specifically assessing the di-
agnostic value of these findings in detecting infer-
tility [22, 28, 30]. This study found that while con-
sidering the criteria of the number of follicles per
ovary for PCQOS, clinicians should pay more atten-
tion to the location of the follicles, which should
be more peripherally distributed rather than ran-
domly distributed.

Only a limited number of studies have investigat-
ed the relationship between ultrasound manifes-
tations and infertility in patients with PCOS. This
highlights the need for further research in this area
to better understand the potential diagnostic val-
ue of ultrasound in identifying infertility in PCOS
patients.

CONCLUSIONS

Our study represents the first attempt to evaluate
the significance of multiple ultrasound features of
PCOS in detecting infertility among patients with
the condition. According to our findings, periph-

Neda Akhoundi, Zahra Naseri, Alireza Siami, et al.

erally distributed follicles with an ovarian volume
exceeding 10 cc appears to be a promising screen-
ing test for identifying infertility in PCOS patients.
However, it is crucial to acknowledge that these
results should be validated through additional
research involving larger sample sizes to ensure
their reliability and generalizability. Further stud-
ies are necessary to confirm and build upon our
findings to enhance our understanding of the di-
agnostic potential of ultrasound in assessing infer-
tility in individuals with PCOS.
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